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AN DMPROVED PROCEDURE
FOR THE DETERVINATION OF THE HYDROXYLATION
OF FATS AND FREE FATTY ACIDS

Introduction

Fats and oils comprise & large group of widely dis-
tributed biological materials, complex and variable in
composition but chemically related. Buxcept for small
- mmounts of aterola, coloring matier, oderous substances,
etc., the fats and olls consist chiefly of the trigliycer-
ides of a maries of mounobasie acyclic acids, knovwn as the
fatty acids, The large number of naturally occurring fatty
acide in combinetion with glycerel as both simple and mixed
triglycerides makes poasible innuuerable variations in the
gonmposition of fats and oils.

A stricet chemical investigation of fate and oils should
inolude the separation and identification of the various tri-
glycerides and the iselation of the individual fatty acids.
Up to the present, trizlycerides have been separates in only
a few cases and by methods which cannot be adapted tov routine
analysis. The isclation of individual fatty acids hss met with
more sucoess, bul the technique is complicated and the Bapa-
ration is by no means sharp., There are, however, a nuuber
6f simpic analytical procedures waich give an insight into

‘the chemioal coastitution of fats and oils. Althouch they



do not furnish abeclute values with respect to any single
sonstituent, they do yield average values which are important
in establishing constants useful In the technigsl analysis
of fatty mmterials. One of these constants, known as the
saponification value, serves to indicate ihe mean molecular
weight of the fatty aclds. Another, the jlodine walue, is
used 1o determine the degree of unsaturation.

The asetyl value, which is the subject umder cunsidera-
tiocn in this dissertation, indicates the presence of glye-
erides of hydroxylated fatty acids. The deteramination of

this value ie based on the

= s e ad

cetylation of the hydroxyl group

by means of acetic anhydride, according %o the reactioeni

0
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The several proposed metheds fali inte two graays‘&mplqying
somewhat different procedures. In one, o weighed amount of
ascetylated fat is hydrolysed ox saponified and ﬁﬁﬂ liberated
acetic acid is determined. In the other, a known amount of
fat is allowed to react with a definite quantity of acetic
anhydride, the excess of the lattier is decomposed with water
gnd the acetic aclid formed is titrasied in the presence of

the acetylated product.
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These different procedures have led to different defini-
tions of asceiyl value. Acsording te one of the sariiest defie
nitions, proposed by Lewkowitsch {12), the acetyl value is

» number of milligrans of potassium hydroxide rﬁguir&ﬂ'fﬂr

g

neutralization of the acstic acid obiained on saponifying
one gram of the acetylated fat. Holland {9) sugzester that
the acetlyl value bs expressed as the number of millisrans of
potassium hydroxide regquired to saponify the acetyl taken

ap by one gram of the fat on acetylation. West {19) defines
the acetyl value as the number of milligrame of mcetyl taken
up by one gram of the fat.

The true acﬁiyl value of a fat is an indication of the
degree ef hydroxylation of its constituent fatty acids.
Acetyl values 28 deterained on fats and oils do net always
represent the true hydroxylated fatiy seid content. Several
factors are involved in this error.

The first and most important of these facters is rane
gidity, the result of a series of slow chemical changes
directly due %o the sction of certzin enzymes, water, oxygen
and light. One change consists in the partial or complete
hydrolyeis of the glyocerides with the formation of mono- oF
di-hydroxy«glycerides or glycereol and fatiy acids. It is
apparent that fats which have undergone this process will
exbibit an abnormally high acetyl value due %o ﬁhe hydrexyl
groups of the glyeersl er partially hydrolyzed glycerides.



4 second change leading to rancidity and increased fatty
gedd hydraxylation is due t¢ anto-oxidation of free une
saturated falty acids. This oxidation takes place at the
‘double bonds with the formation of peroxides, hydroxylated
acide, ketones, aldehydes, and fatty acids of lower moleee
ular weight. Tﬁe relative number of hydroxyl groupe arising
by this process is small; hence, the increase in aceiyl value
is also small, |

The second factor tending to augment the scetyl value
of a fat is the presence of certain higher alcchols, the
sierols. These substances are widely distributed in plant
and animal tissues and are alwost certain to contaminate
fats and oils in which they are guite soluble. It is obe
vious that this facter, as well as the ones mentioned previe
pusly, should be carefully considered in the interpretation
ef acetyl values. |

In consideration of these facts it bocame evident that
deteraination of asetyl values upon the separated fatty acids
would elininate the more serious errors., Previous methods
of analysis are incapable of doing this 3atisfaaturily, and
attempts were made, aueaessfgllg we believe, to develop a
medhod for this yurpas&. Such a procedure should prove valu=
abls not only in &ataéliahing constants for technical analye
gis but alse in affgréiﬂg 2 methed for the study of inter-
mediary fatty seid metabolianm.
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In all probability, hydroxylated fatty acids play an
impertant role as iﬁt@rmaiiates in the degradation of fatty
acids in the body. The earliest work throwing some Light
on this mechanism was that of Enoop {10). By feeding animals
phenyl derivaetives pf fatty aci&% and regovering halppurie
gga phenacaturie acids in the urine, he wap able o show
that the breskdown of the fatty acid chaln takes place by
the successive removal of pairs of carbon atoms.
 Similar experiments were performed by Dakin {4) who
conf irmed Knoop*s work and found, in addition to the hipe

anoartain hwﬁmrv- and retoengids,

4 oy m-n(’i “hanmna'!'ntsiﬂ
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In a later study in which he perfused a surviving liver with
eaprolie asid, ds-hexenic seid, g-hydroxy~-caproic acid and g-
ketocaproic acid, Dakin (5) showed that there exists a defi-
aite relationship in the metabolism of these mcids, As a
result of this work he postulated s pessible mechanisa by
whicﬁ fatty acids may be oxidized and which is concisely
pumnarized in the following diagram taken from his monograph
(5}

If the ekparimﬁntai work of Dakin has been interpreted
gorrectly, one would expect to find anﬂreaaed amaua%a of
nyiraleated fatty acids in thﬁ tissues ef aaimalﬁ deriving
most of thair energy from fat exidation. In testing this
supposition, a satisfactory method of determining the hydroxy-

lati@a of fatty acids isolated from tlssues is imperative.
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Discussion of Naethods

uf the many methods for the estimation of hAydroxyl or
agetyl groups in organic guampuunds, ahlg g few have been dés
vised for use wiih fats and fatty acids. %The first was pro-
posed in 1887 by Benedikt and Ulzer {2) for application te
frae fatty acids. It consists in the d@terminaﬁi@ﬂ of firet,
the alkali egquivalent to the free carboxyl groups and tine
acetic acid split off uy saponification of the acetylated
acids; and éecgnﬁ, the alkali squivalent to the {ree carboxyl
groups cunly. The gifference between these two quantities
gives the agetyl value. This procecurs, however, is subject
to arrﬁr, as pointed out by lewkowitsch [1l). PFaity acide of
high molecular weight form fairly stable anhydrides when
boiled with aeetic anhydride. This reduces the nuaber of free
garbexyl groups, which obvicusly would increase the acetyl
value. |

Ten years later, Lowkowitsch {12) published two methods
for the analysis of acelylated fats. In the first, known as
the distillation prosess, the acetylated fat is saponified by
boiling with alcohollc potasih. The mixture is scidified with
dilute sulfuriec scid and the acetic acid distilled off in a
gurrent of stsam and titfatad with alkali. WVolatile fatty

scids, howaver, are also carried over in the distiliatisan,
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and to cerrect four themse, an estimstion of the volaitile aecids
must be made,

The other procedure, the filtration method, is carried
cout as follows: The acetylated fat is saponified with a known
gusntity of standard alkali. An exacily equivzlient amcunt ef
dilute sulfurie acid is then added. The liberated fatty acids
are filtered from the agueous solution and carefully washad,u
and the filtrate contalsing the liberated acetic asid is tie
trated with alkali. Although tnis prosedure is simpler thas
the distillation prooess, it is inacscurate if solubla fatty
acids are present. In both methods the difficulty of ﬁztrmt¢
ing = am&lliam@uaé 8f acid in a 1&1 ge faxumm is encountered.

Andre (1) nas applied the grinalgla of the procedure of
Benedikt and Ulzer {op. cit.:) to fats and oils. The asetyl
value is calculated from the ﬁagaﬁiizsatimﬁ ?alues afrtha
acetylated fat and fhe‘uﬂtr ated fat. 1% will be noticed that
the @iif%lﬁm“ﬂ batween these values does nel represent the
trus asﬁtyl value; since the glycerides in one gran of acetys
lated Tat do not contribute as much to the saponification velue
as do the glycerides in one gram of the untreated fat, Andre
has derived a formula, later simplified by Cook (3}, which

gorrectly BXpresaes the acetlyl value in terus of the two sepon-

Ei«;

ication values.
An experiment performed by us and desoribed in the followe

ing section demonsirates that this method givea inaccurate
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results if the sample beinz analyzed countains free soluble
fatty acids. Other disadvantages in the procedure are also
- pointed out. ‘
Friedrich and Rapaport {7) have described a misromethod

for the determination of the acetyl group. 'énalyﬁﬁa sf a nule
.h@r of compounds showed that experimental valuss agreed well
with the theorstiscal. F&rth, Kaunitz ag? 8tein (8) iried the
yx@ceﬁur& en various acetylated fatty a@iﬁﬁ and found that
purified ricincleio auiﬁ gavé nearly theoretical values. The
procedure is as foliows: |
The secetylated product is hydrolyszed by means of 258 pe

toluene sulfonic ascid and the asetlic acid is distilled off in
a vacuum. During ths hydrolysis and distillation, there ise
ﬁligni decomposition of the p~taiﬁen@ sulfonic acid with the
production of sulfur diloxide. This is carried over inte the
distillate and would lead to sericus erroxrs were corrections
not made. For this reason the distiliate is collected in a
gstandard lodine solution, which oxidizes the sulfurcvus secid

to sulfuric aeid, thus:
 HpE03 + Ig + Hg) —> HpS04q + 2HI

After titrating the excess lodine with N/200 thiosulfate, the

quantity of sulfurie acid {and alsc aydriadia écid) gcan be

calculated. 4 solution of lodide and iocdate is now added.

The acetic, sulfurie and hydriodic acids liberate from this
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mizture an eguivalent quantity of iodine which is $itrated
with stendard thiosulfate. J¥rom the total titration volume
is subtracted the volume equivalent to the sulfuric and
hydriodic scids, the result being the acetic acid equivalent.

Although this method has not been tested by the writer,
the complexity of the apparatus and procedure makes it unde=-
sirable.

In 1932, Roberts and Schuette {15) published a procedurs
based on a principle eantirely different from any employed in
the methods just discussed. A sample of the fat with a weighed
amount of standardized ascetic sahydride is heanted at 120° ia
a sealed tube for an hour. The contents of the tube are transe
ferred to a flask with water, refluxed at reduced mcidity, and
then titrated with aqueous alkali. Numercus faulis have been
found in the method, as will be deacribed later. The prooce-
dure is especially telious and time-consuming.

Verley and Bllsing (17) showed that qdantitative acaw
tylation of sloohols and phencls can be obtained by txﬁét-
ment of the substance with a mixture of asetic anhydride and
pyridine. 7The pyridine promotes the reaction by removing
the scetic acid (produced in the acetylation) ms pyridine
agetate. After the reaction is complete, the product is treate
ed with water to decompose exoess anhydride and the total
acidity is titrated with standard alkali. The differsnce
betwesn & blank titration and the sample titration represents
the acetyl bound by the compound used. The presence of the
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pyridine in no way interieres with titration of the acetie
acid, since sodium hydroxide readily disploces pyridine fros
goubination with acetic acid.

These principles have been applied to the determination
ef hydroxyl groups in sugars snd sugar éeri?atixns by Peter-
son and West (14). In 1934, West, Hoagland and Curtis (19)
reported that the same basic prosedure, with sa?arai nodi=
fications, could De very satisfactorily used in the anslysis
of fats. MNoreover, by the analysis of ricinoleic snd stearic
acil s, they showed the apylicablility of this method t¢ free
fatty acide. Tﬁﬁ methed, in brief, is as follows:

Inte three 250 oo. glasse-stoppered Pyrex flasks are
placed the fol.owing substances:

1. b ¢s. of an acetic anhydride-pyridine sixture

{1:7 by volume).

2o Sample + § so. of acetic anhydride-pyridine mize

ture.

Se Sample + 5 ce. of pyridine.

The stoppered flasks are now hested on a stean bath about
45 minutes {or allowed to stand st rocm temperature for 24
hours or lenger}. 5 es. of water are added and the flasks
heated 1.5 o 2 mioutes, after which they are aliowed %o cool.
The flasks are then rinsed down with 25 cc. of butyl aloohol
and the solutiens titrated with 0.3 to (.35 ¥ alecholic
alkali with phenolphthalein. The tifrations are all converted
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to 00. of 0.1 ¥ alkali. The acetyl value, defined by West
as the milligrans of acetyl taken up per gram of substange,
is galoulated from this dats.

Smith and Bryaut (16) have recently deseribed a method
in which zscetyl chloride ian the presence of pyridine is
ueed as ageiylatiang ageat. Although the method is satis-
factory as worked out om alochols and phenols, it is tediocus
and would require medification before being applicable to
fats and fatty acids. The asetic anhydride~pyridine methed,
moreover, was found to be more satisfaciory from ths stand-

point of precision than the asetyl shiloride method.
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The method of Tast, Hoagland, and Curtis {ope. oit.)
gifers several sivantages over other methods in ttntt it is
sinple, rapid, and spplicable to fres fatty acids. It was
pointed oat by Dr. West, under shose directicn this work has
poon done, that the methsd a8 outlined needed :urthar study
not omly to inprove the analytioal tedhnique but alse to
gatablish optismus conditions for the reactions. £ seriss
of experiments was therefore performed and these, we believe,
disciose the desired inforsation. They are as followa:

1. Comparison of agylating agenta. )

2, Deteruimation of the optimum oongentyra-
tion of soetic anhydride. |

3. Deterninstion of reagtion rates at warious
geaperatures.

4. Limitations of sample size.

. Deteranination of the ascunt of water foy
deconposing acetylating aixture {117).

6. A study of the formation and deocapusition
of higher fatly acid anhydrides.

7. The effect of the use of condensars in the
roaction tubes on the precision af the method.

Compariscn of Acylating jgents. Until tae recent in-
trodustion of acetyl ohloride as a guantitative acetylating
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agent, avetic anhydride has been used exclusively. Although

ocg show 2 higher activity than acetic ane

&
£

acebtyl chlorid
nydride, it has the disadventage of 2 low bolling point which
favors errors by volat$ilization. Acetyl chloride, =az other

acyl chlorides, also forme an imsoluble compound wiitn pyris

) %1
A e

dine mmﬁm'n olicates ite use in this procedure. It was coun<
sidered that some other resgent might be preferable ior intre-

ducing an acyl {8C7”°) or ather equivalent group inte &
hydroxylated compound.

The sompounds examinec for this purpose wers the follows
inzt proplenic, butyric, benzolc and phihalic anhydrides,
the sulfonic chlorides of benzene, toluene and nnphihalens,
galorsulfonic scid and phosphorus oxycaloride. Castor oil,
whica is predominantly the triglyceride of ricincleic acid,

a monohydroxy-acid, was chosen for ihe tests, since it hag

2 very high aceiyl value and should test the actlvity of the
reagent satisfactorilys. Delerminatiouns ?era Tun using 1.28
aolar sslutions of lhe reasents in yy?aézaa {dioxane in the
sase of ohlursulfonic acid). The technigue of Wezi, Hoage
iand, and Curtis was used exsept tnat Pyrex test tubes (25 x
20U md.) covered with glass bulbs were substituted for glass-

stop.ered ilaaks; Unless otherwise i whicnted, the tubes

were heated on a steanm bath for ong hour.

by

The obsorved ag ﬁayl values of castor oll with the vari-

ous reagents arg ;i?am in Table 1. Fhosphorus oxychloride
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produced an imsoluble product whioch could not de titrated.
The unusually high values with chlorsulfenic asid are probe

gbly due to the additicn of the resgent at the double bonds

in the ricinocieic noid.

the ones cbiaiped with acetio anhydride.

The remsining valuez sre all below
. It is evident,

therefore, Lhat acetic annydride iz the only oue of the
reazenta satisfactory under the conditions used.

Table I

Coemparison of Acylating Agents
{1.256 moloxr solutions in pyridine)

reagent and gonditions Velght of asetyl Value
Castor il
Acatic mﬂriﬂl
i . 8t 100°C. C.8612 124.0
0.8501 12441
0.8534 125.8
Froplonie annydrida
1 hre at 300° C. 0. 5007 117.3
(. 8686 “117.3
07967 115,86
(. 8898 115.3
Batyric amwdrmt
1 br. at 100° C. 0.51320 100.8
oe792 10601
Os
C.2087 103.2
Benxolis sunydride
1 bhr. at 13@ Ca C.0738 437
0.7942 42,9
_ _ int?m 42.6
Phthalio anhydride
‘1 hr. at 160° C. QQ&;&? 122-1
07660 122.0
0, 0550 " 3118.8



Tabie I [oont'd.)

Reagent and gonditions Feight of Agetyl Value
‘ Cag 013
Fhtnalie anhydride {sont'd)
2 hr. at }.mo . 0.5268 122.2
0.5844 121.0
0.7970 120.8
0.9482 122.0
1.5 hr. at 110-215° C. 0.5610 121.2
0.6806 118.2
0.8325 117.2
. 0.9415 1id.1
1.5 hr. at 120=125° C. 0.5573 121.8
0.8368 120.9
0.9630 120.6
Benzens sulifonis ohloridse
1 hr. at 10.09 Ce th 112+3
. 0.6716 111.7
0.,8760 Liled
p=toluene sulfonic chloride
1 hy. 8% 1000 Lo 0.604) 1180
, C.6170 112.0
0.6480 11i.1
Naghthalene sulionic chloride
1 ar. at mo Te 0.6%725 116.1
¢, 8810 115.0
0. 0444 115.4
Chlorsulfonic acid
20 hrs. at wo C in d4icxans $.8722 205.2
. A ‘ ‘ 0.8054 174.8
(.9233 148.90




Anhyydride. This was dons, as befoere, Wy using esstor oil
as the tesi matexial. Tubes were set up with weighed sane
ples of oastor ¢il and asetic anhydride-pyridine mixtures
{of wvarious ratics) and allowed to react 24 hours befors
decomposition with water and titration. The results in
2able II show no great differences in values obtained with
the reasgents of various concentrations, The presisiovn of
the determinations was greatly decrsased when the more
‘gonceatrated reagents were used. A mixture of one part
anhydride with 5 parts of pyeldine hes ahant t&a maxismm

goncentration Ior agourate work.

. Table 11
Optimm Concentration of Acetic Anhydride

{Beaction mixtures allowed to etand
24 nours at room temperature,)

antis SpiyitsiTrriting | oF Chhvn 00 .| Demmiemations
127 123.0 £ 0.3 10
1:6 | 123.4% 0.4 10
16 125.9 + 0.4 10
114 123.7% 1.1 16
133 123.3+ 3.3 12




A nunber of tubes were set up with castor oil and § go. of
the acetylating mizture (1:5) and sllowed to am at room
tswperature. At warious intervals, 5 oo. of water wers added
f,;oatuhland the aixture titrated. The asme procsdure was
repeated with the exgeption that & 1:7 mixture wes used and
the tubes wors heatsed on the steam bath. Table 11l ghows

that in the cold, the reastion is practically eoaplete in

24 hours, while at 100° the tiwe is reduced to i-1f hours.
Moreover, values for the ssaples that ware heated are slightly
higher than the sthers indicating that the elewated tewpera.
ture hss driven the reattion more mearly to coupletion.



Table XiI
Beaction Eataﬁ at Yarious Teaperatures

Tomperature--20° ¢.
Acetylating mixturee-1:%

Time {hours} Ageiyl Value
e 8 223
10& - 43:3
2.0 7846
4.0 UGB
Gl 1107
9.5 11304

14.0 122.8
18.0 122.8
22.0 123.3
24.0 _ i23.4
29.0 124.0

?mewsturwwﬁ Ce '
Acelylating mixture--li?

Time {hours) Aceiyl walue

D50 1104
Q.70 Pled
100 1Zb.4
1.50 128049

2+00 . 12640
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Linitations of Sam 342 The lower limit of sample
'size 1s determined by the esgnitude of titration difference}
the upper limit by the socetylating capasity of ihe reageat.
The latter was sstisated by rumning scetyl detersinailions
on inoreusing samples of castor oil using & 1:7 =oetio ane
nydride-pyridine mixture at 100° C. The maximmm sasple
weignt for eastor oil under these cosditions is about 0.9
G+ 28 Shoun by data in Tabie IV.

Tabla IV
Limitations of Saqple Size
7est materiale-gastor oil
Asetylating aixture--137?
Haat_'eﬂ; at 100°C. for 1 hour

Wt. Cantor 041 Agetyl Value

06131 125.5
Q. 7442 125.5
0.8826 125.7
1.0187 123.1

1+3067 122.1
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Amount of Water Required for Decomposition of the Ane
pydride-Pypidine Mixture (1:7 by volume). Volumes from 5

$0 15 co. gave identical results. Low values {for castor

wil] were obtained when 3 cc. of water were used., The volume
of & @c. was chosen as standard sinece with this guantity there

iz minimun dilution of the titration mixture,

dy of the ¥ormation and Decoumposition of Higher
Fatty Acid drides. In the course of an expsrinent on

pleic acid, in which this gahatan@é was treated with & 137
acetylating mixture for an hour at 100° C., two peculiar
ghﬂnum&na were noticed {Table V):

(1} A rather high acet;l value, in spite of the fact
that oleic acid is not hydroxylated;

{8) A steady decrease in scetyl value as the time bee
twesn the decomposition of the excess reagent with watsr and
the titration of the mixture increased.,

%o doubt, the ayyaremtlneetyl value was due to ithe formae
tion of anhydrides of eleic scid which were gradualiy hydyo=-

lyzed on standing with water.



Table V

Acetyl Value of Olelc Acid

Acetylating mixturanolz?
Hixture ireated with water at room tem-
perature after heating at 100° C. for 1 hour.

Time™* {min.) ¥t. sampls scetyl Value
10 Qoﬁﬁﬂg 15,7
20 0.9601 9.4
30 0.9246 85
40 0.9281 7.8

* Betweon 2ddition of water and %itr& ione

-

in another series of esperiments one group of tubss was
neated 10 ainutes after adding water to decompose the excess
of reagent; another group was not heated. The latter again
gave evidenve of considerable anhydride formation. The |

group which had been heated gave s low acetyl value as the

dunta in Bable VI shows.

Table VI
Acetyl Value of Cleiec Acid

Agetylating mixture--117
Heamted at 100° €. for 1 hour

Treatment after
addition of walter

¥i. sanaple Acetyl wvalue

xﬁt nﬁlm Q S 6853 }.@t i )
0.6634 13.7
'0.6696 16.6

Heated 10 min. 0.7371 2,5
0.7449 2,8
£, 7378 2.1
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The fact that the oleic szcid gave an agetyl velue of
about 2 might be iplerpreted to mean thai not all of the an-
hydrides hed been decomposed. We have resson, however, to
believe that this value is due to exidetion products in the
gledc acid, since neulral equivalent ﬁ@%ﬁrmiﬂatiaﬂs on this
aaﬁyie indicated its molecular waight to be 201 sgeinst a
theoretical of 282,

Bimilar experiments were performed on palaitic acid
with prolenged heating afier decumposing the reagent. Pale
mitic acid showed the same general phenomenon {Table VII),

1 value. Undsoompossd anhydrides,
apparently cannct be respousible for thess results for two
reasons; firset, during the peried of heating following the
addition of water, the aseiyl valus decresased to and rensined
at 2 mininum; and socend, the pelmitic acid was aamﬁaainaﬁad,
giace its molecular weizht was 262 instead of a theoretiscal

255

-Table VII
Acetyl Value of Palmitic Acid

Treatwment alter ¥it. sample Acetyl Value
atddition of water
Hot heated 3. 5800 32.2
“ 1.4895 17.9
ﬁﬁat&i‘i 1@ ?ﬂmc ﬁ ¥ ‘?’9‘?ﬁ 0 ™ 3
1.0242 1e

Heated 30 min, Gt%ﬁ? 0.9
| o.7934 1.1
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ibe Bffect of ithe Use of Condensers in the Reaction
Tubes on the Precision of the Method. A considersble inprovee

ment in the preelsion ef the method was obisined by replasing
the glass bulbs used %o c@?ﬁ% the reaction fubes with mimple
aoﬁ&eaa&ts. Themse were made from 18 x 150 mm. Pyrex fast
tubes with rims, By fiiling these tubes with water anil Bug-
pending them in the reaction tubes, the eseage of acetic ane
hydridé ar‘aaid Was afféativély prevented. If the rias of
the condenser tubes are not wide enough to keep then sus-
pended properly, a rubber ring placed arcund the top of the

gondenser serves the purpose.

Table VIIIX

Effect of the Use of Condensers in the
Reaction Tubes on the Preaision of the ¥Meihod

Test subatances-cagtor oil
Acetylating mixture--1:7
Tubes heated at 100° ¢, for 1 hr.

With glass bulbs Witk condensers
Asetyl Value
Sample #A 124.0 124.7
124.1 124,85
128.8 124.3
126.2 124.6
125i§ 12“%. % )
Ave., 124,800,686 124,56 > 0.2
Acetyl Value
Saaple #2 124.3 126,35
128.8 125.2
126,3 . 128.5
i26.4 128,85
125.2 1286.7
Ave. 128.6* 0,7 1285, a4-9.2




(x)

(=)

{3}

{4)

: Hethod

, Reagents
Acetio anhydride--0. P. grade; Redistilled, the {race
tion beiling between 135-137° being collected.
Pyriding=-allinckrodtts medicinal grade; dried with
#Drierite® and then distilled, the fraction passing
over above 114° being used.
Commercial normal butyl alceochol {Commercial Sovivents
Corporation). |
Alcoholic ECHw=0,5 N aldchyde~free alecholic potassium
hydrexide is prepared according to the method of Halfatti
{13) thus: 28 g. of the best grade of KOH and 45 g. of
pure granulated calcium oxide are gromd in a2 moriar to
a fine powder. This mixture is transferred tc a2 fiask
with 1000 ml. of 95% aleohol, rinsing the mortar with
neverai portione of the aleshol. MNix thoroughly until
the KOH is in solution. Cover the vessel and sllow the
golution to stand until the calcium hydroxide has Come
pletely settled and then filter. The alkall is stande
ardized against 0.5 ¥ acid using phenolphthalein and
the titration apperatus deseribed below. The solation
should be kept in Fyrex glass.

Apparatus

Pipettes for measuring agétie;anﬁgﬁriﬁawyyriﬂin& b 5 2
ture-=0ood grade Ostwald-Folin blood pipettes {with

well ground tips) to deliver © ml. are vory saiisfactory.



{2)

{

=t

}

(4)

{

}

27
Burstto--A good grade, narrow bore, 25 mli. burelle gradu-

~ated in 0.0 ml. is preferable, One graduated in 0.1 ml.

may be ussd by exercising care in reading. The tip of the
burette is fitted with a 20 gaugé stainless hypoderamie
ﬂaadie either by inserting the %tip of ?ka buretie to the
bottom of the hub of the needle and fastening sccurely
witﬁ a tightly fitting piece of pure gum tubinzg or else
by grinding the nesdlie to the buretie with fine carborun=
dum and oil. ﬁﬁia tip dellvars about 0.007 mli. per drep
of the algohelic alkall solution. A saall hond lens is
helpful in raaéingvﬁhe burette accurately. after use the
aointi@m should be drapined from the hu:ﬁﬁte, the liatter
ringed wiih ﬁaﬁax’aﬁﬁ invertsd until used again,

Reaction tubes--Byrex glass test tubes, 25 x 200 mm.
Condenser tubes-~Pyrex zlass test tubes, 18 x 150 mm,
(with rim}. The condsnser tubeo ave filled with water
and suspended in the reaction tubes. If necessary, a
rubber ring may be placed around the $op of the conden-
gor tube to prevent its siipyoing down into the reaciioa
tubee , ,

Stesm bathe-4 simple and inexpensive steam bath for heat
ing the reaction tubes can bs made by coveriug a hot
water bath with a suitable board through which has been
bored & number of 1 1/8 inch holes. The board iz painted
with a heat~-resistant paint [Fischer®s Plicots) and is

reinforced by twe iron strips screwed along the adges at
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right angles to the grain. The bottoms of the reaction
tubes are sxpossd to the sieam by suspending the tubes .
about § am, through the noles in the board. The tubes
are prevented from Sliﬁyiﬁg into the dath by means of
rubber rings cut from large rubber ﬁaﬁiﬁg and placed
around the tubes at the propsr point.
Titrations |
The burette is mocunted on 3 stand fit%éﬁ with & clamp to
nold the reastion tubes sc that the needie tip extends a short
distance inte the top of the tube. A thin stirring rod with
a 15 ma., loop on the lower emd and a right-angle bend st the
top is used to stir the solution while titrating. The writers
uses an easily constructed mnd inexpensive mechanical stirrer
desoribed by E. 8. West {18). While excellent titraticns can
be done by head stirring, the meehaniaal stirrer saves mach
iabor vhen a Iarge‘numbar of determinations mmﬂt be run.
A  Procedure |
Three ﬁry'reaetiaa tubes are charged as follows: Two
samples (0.5 %o 1.0 gm. of materisles with high acetyl values
and 1.0 to 1.5 of those having low values) are weighed inte
reaction tubes {1] and (2), tube {3} being left blauk, 5
wl. of the acetylating mixture {1 volume of acetic anhydride
plua-?vvaiumeg of pyridine) are garefully pipetted into tubes
(1) and {3}, To tube (2), 5 mi. of pyridine only ars added.
The aondenser tubes are aarafnllg;filleﬁ with water {out-

gide of tubes must be dry)] mnd suspended in the reaction tubes
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shich are then plagsed in the holes of the board on the steam
h@tk and heated 1} hours. The condenasers are 8lightly raised
and § ml. of water are added to each reaction tube, the gone
densers replaced and the tubes heated 15 min, Longer with
oooasional careful shaking. After Qooling, the gondensers and
reagtion tubes are rinsed down with 15 mi. of butyl aleohol
and the titrations carried out as described above with the
alcoheolic BOH usiﬁg 4 drops of I per cent §hen01§hthalein
as indicator. The titrations of duplicate blanke should not
vary more than 0.02 ml. The endpoints are exceedingly sharp.

Caleulations |
Accordiaz to the West definition, the asetyl value squals
the milligrams of scetyl bound Per gram of substame. Calonloe
tions are as foliows: Titration values are sonverted to =5 N
of 0.1 ¥ slkali, Let |
A = mcidity {occ. of 0.l W) of 5 mi. of acetylating mix.
ture (tube 3)
B = asidity (ce. of 0.1 ¥) of 5 mi, of agetylating mixe
ture plus sample {tube 1)
| C = aeldity {co. of 0.1 ¥) of the sanple in tube {1)
ealoulated from titration of sample in & ml, pyriw
- dine {tube 2)
B = agidity equivalent of acetyi hound by tha sample
= &= {B - ¢}
E = welght of ssaple
Then, aaatsl value = D = 4.3
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Conparison of Several Nethods

in a gomparative study of iuethaﬁ.g of determining scetyl
yalues of fats and cils, analyses were made of four oil mam~
ples supplied for the purpose by the stsmi&tiaﬂ of Cfficisl
Agricultural Ghemlsts. ﬂm methods under investigation were
the follewing: the ﬂfficiﬂ;i method of the &. 0. A. . which
gonslsts in aﬁatgiamﬁg the material ascording to the diredw
tions of Lewkowitsch and analyzing the acetylated product
by the A.mire-nccoi: procedure; the Roberte-Schustie method;
and the improved meithod deseribed in this paper.

Analyses of the four oil samples by the three methods
gmré discordant resulis which in one case disagreed ss much
ag 255 Buch wide vsrmtians may have been due to incone
plate acetylstion or some other factors :m}zarent in the mathn&a.
¢on the other mné, the presence of couslderable anounts of
¢reoe fatty aeids in the aamples may have besn the csuse, a8
jatter possibllity was szaml;; twmu by running snalyses on &
:ncmﬁ mixture containing a high pmmmmu of fres acids. ANy
er mw introduced by this factor would under such mn.mtmun
pe magnified and aa&silg recognized.

For tnis purpose, o mixture of casior oil, oleic acid and
putyric soid was nmade comtalaning 57.1, 38.6 and 14.3 per cent
by weight of the com tituents, respectively. S‘.nswing: the
scotyl values of caster oil 3s deternined by the different
methods and the percentage composition of the mixture, the

theoretical acetyl value of the aixture for a given method was
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then coampared with that obtalned by aciual analysis of the

mixture.

of such snalyses.

Table IX

In Table IX, which follows, are listed the resulis

Comgarisen of the Methods of Roberts-Schuette, Andree
Cook, and the Improved Nethod when Applled to a Knowm
Mixture of Castor U01l, COlelc Acid, and Butyric Aecid

NMethod Acatyl Value Theoretical Acelyl Value
of Castor 0il | &celyl Value | of Eixture
of Yixture as Determinead
Andra-Cook 126.3 72,1 14.6
Roberts-Schuetis 127.1 I8 788
Izprovad Mathod i25.5 Ti.8 T1e%

Excellent agreement with the theoretical value was obe
'tgin&d only with the improved ﬁﬁthc&. in ths An&rﬂ-cadk PTO-
cedure, the loss of butyric aocid in the waahiﬁg process
after acetylation probably canstituted the maiﬁ source of
errors Two facters very likely affected the resulis af tha
Hoboris-3chuetie n&tﬁa&: first, incomplete decompogition of
higher fatty scid anhydrides; and seeond, diffieulties in
the titration of inaaiahiﬂ fatty acids in an agqueous mediug.
In addlition to the more relisble resulia obtained by the ime
proved mathéﬁ, this method alsc aff@fﬁ aavéntugaa‘a?er the
others in its sinplicity and rapidity. No preliminary treate
ment of the sampla is necessary. The operations of the pro-
gedure are restricted to weighing, pipetting and titrating,

without the transfer of the weighed sample fronm one vessel
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to another. Finally, duplicate or itriplicate determinations
ean be run aimﬁltaaa&aaly without gfaatiy ineressing the time
of snalysis end with ne increase in the amocunt of apparatus

poutside of & few teast tubes.
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The scetyl values of a nuaber of fats and oils were de=
termined and sbout seven months later the determinations wers
repéated. These values, together with the acidity of the fats
and oils are tabulated in Table X. It is interesting %o note
that an increase in acidity is usually accompanied by an ine
grease in the acetyl wvalue. This phenomenon is prebably due
to the fact that when fatiy acid molecules are sylit from the
fat mwolegule by hydroiyasls, glyceryl hydroxyl groups are pro=-
duged, which incresses the acetyl value,

- The next subject investizated was the acetyli values of
free fatily acids prepared from various fats. The principles
eaployed in the preparation of the fatily acids consist of the
gaponiiication of the fat, extraction of the sosp sclutiocn
with ether tc remove sterols, liberation of the fatty acids
from the scap by acidification with hydrochloric acid, and
washing the free falty acids with water tu remove glyserol
and mineral acid. Ths procedure in detail is as followa:

Redistilied aloohol (7. ml,.)}and EKOH (8 ga.) are placed
in a 2% ml. flask and warmed. When the K0H is dissolved, 25
gas of fat are added and the mixture is refluxed foz 1} hours,
after which it is transferred to 2 separatory funael with 250

ml. of water. The seap solution is extracted” sucocessively

* The procedure for the extraction of the soap solution
is based on Wilkie's nmethod for deteraination of unsaponifi-
able matter in fats (20). '
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with a 200 ml. and three 150 ml. portions of perexide~free
gther. The combined ether sxtrmct is run intc 100 wl. of
water without shaking, asnd the water is run off. The ather’
extract is then further washed successively with 10, 20, and
o5 ml. of water with vigorous shsking. The combined agueous
gzzraai ia added to the main pertion of the socap sclution
and plaged in a liter distilling flaax.

The solution is now treated with an excess of coumc. HECL
(15«18 ml. are sufficient) with vigorous shaking in orvder %o
i1iberate the fatty acids. The flask is connscted with a con-
denser and the ether ﬁiatiiled oif on & water bath with oco=-
gagiaﬁal shaking. A slow atream of air, €0y, or N, and
gslightly reduced pressurs speed up the distil.alion. Vhen
the ether has been removed, the aguecus layer is separated
from the fatty acids, which are then washed with three 200
mle g@rtians of hot water to remove the mineral acid. rhin
cperation may be conveniently carried out in a simple appare-
tus ¢ mstructed as follows: (see Pigure 1I)

A 500 ml. Frieomeyer {lask is fiiteﬁ with s 3-hole Tube
ver stop.er bearing (1) a fine capillary vent tube; (2) a
aﬁakt large-bere tube extending just through the stopper; and
{3) & tube drawn to a saail tip and bent sc as to extend intﬂ
s saall bulge blosm into the wall of the flask near the bote
tom. The acids are placed im this flask and are vigorously
phaken with ﬁat water. When the water and the acids have

geparated into two sharp layers, the flask is tiited at an
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anzle with the bulge downward, 2 small positive pressure is
applied to tubs {2), which forces the weter out through tube
{3}, the fiew being regulated by a pinoh clamp on a short
piete ol rubber tubing fitted on tube {(3). When the water
has been drained to the bottom of the bulge, the flow is
momentarily stopped and the flask ;i?@ﬂ 8 guarter turn e
bring the tip of the tube above the level of the liguid. 1Im
this position, the water remaining in the tube may be blown
put.

The acids, ségarateﬁ from water as thoroughly as pose
sible, are dissolved in 50 ml. of ﬁry, peroxide~iree ether
and dried with 2 few grass of anhydrous sedium sulfate. After
filtration, the ether solution is transferred to a small dis-
tilling flssk and the ether distilled off on a water bath,
remuving traces of sther under vacuun.

An interesting phenomenon wae nobticed in the marked ine
grease ©. the acetyl values of Iree fatiy acids whieh had
been exposed to zir for some length of time, as shown in Table
XI. 7This increase in hydroxylation was no doubt the result.
of a prooess of auto-oxidation. This lmmediately raised the
queation as to the possibility of auto-oxidetion taking place
during the preparation of the acids. A number cf scide were
therefore prepared both in the presence and absence of air, and
tné acatyl values compared. The first three columns of Table
XII show no great ﬁiffér@nﬁ&@ with regard tc this point, A
few preparations azxelusively in nitrogen showed the wvariations

to be within the 1imits of experimental error. It was concluded,
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therefore, that the process of auto-cxidation is slow and
does not affect the values of freshly preparsd scids.

The final point investigated was the extent of the
eaterification of hydroxylated fatiy acids znd jts sffect
on acetyl values. If a hydroxylated acid is esterified with
another fatty acid, the hydroxyl groug 1s blocked, with the
result that the acetyl value does not indicate the irua hy-
ﬁxnxylétian. If, however, the salculation of acetyl value
is based on the aaganifiablé acidity of the fatty acids {dew-
temined by heating the aclds with an excess of gtendard gl-
coholic solution of alkaell and then titrating the excess with
standard acid), rathef than the simple titratable acidity,
the error resulting from eﬁterifiaatian-ia corrected,

In Table X111, comparing values in columns Ay and &g
which give the neutral equivalents of acids {prepared in air)
ealculated on tne basis of both titratable and saponifisble .
acidity, we see the following wvariations beilween the two
methods:

4 panples e= 0.0f variation

2 samples == 0.4% "
2 gauples -- 0.7% "
1 sample == 1.07 w

3 samples w- 1.4% i
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Since two thirds of the values siow either no differences
or differensces within the limits of exyerimeatai arror, we
must conclude toat esterification probably takes place only
to & very limited and insignifisant extent; The gr&aﬁar dife-
f@ran@éa in a few cases may have been due to Qtﬁar contaninate
ing subgstances present in the acida. The acids which were
prepared in the presense of carbon dioxide all showed con-
siderable variations and these, we feel, were caused by the
garbon dioxide which was not all eiininated from the fatty

acids befure titration.



Table X

Aoetyl Velues and Acidity Values® of Fats and 0ils

Acetyl Value

Agidity Value .

Fat or O First Analysis First Analysis
Analysis |after 7 mo.| Analysis |after 7 mo.

Butterfat 2.9 267 G.32 0.32
Gastor 011 #1 124.9 e 0,10 -
Caator OL1 #2 126.4 - Ca 40 -
cogonut 0Ll Lab 1.8 Go04 0.07
Sod Liver 01l e del 0.32 0.50
gorn 011 el 3.6 0,009 0.10

‘ Gﬁtﬁoﬁlaeé‘ﬁil #1 4.0 5.2 0.04 G.19
Cottoneeed 0il #2 4.4 - 0.11 -
Lard 0.9 1.5 0.23 Oe 34
Linsesd Uil Raw 4.6 5.3 0.44 0.54
Linseed U1l Bojiled 8.0 7.9 Q.73 C.88
Reatafoot Cil Te2 2.0 2.11 2.24
olive 0i1 A 4.1 13.4 0.54 1.25
Olive 041 #2 3.1 - 0417 -
Peanut 011 2.6 2o 0.ié 0.19
Salmon Uil 3.7 - 0.68 -

* The acidity value is defined as the number of ce. of

§/10 Na0H required to neutralise the free fatty scids present

in 1 gm. of the fat.

‘
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40

Auto-oxidation of Falty Acids

Comparison of Acetyl Values of Fatiy aAcids Determined Ime
mediately After Preparation and After Standing Two Honths

Source of Aclds

Asetyl Value

Acetyl Value

Fresh Twoe Mo, 014

Butterfat 1.4 12.2
Ceconut 01} Ded 1.7
Corn 0ild 2o} L3e4
Cottonsesd Oil 3.3 2043
Lard | 1.2 GeB
Linseed Cil Raw 4.7 .
Linseed Cil Boiled . 58 @
Featsfoot il 5.4 5.2
Olive Oil Lo e @

2.4 19,8

Peanut Cll

* Samples marked thus darkeneé %o such an exe
tent that titration was impossible.



Table X1X
soetyl Values of Free Fatiy Aclids

Source of Acids aaétyl Values

Caloulated on bsais of

agidity of aecids after

heating with pyridine

A B c

Butterfat 1.4 ied -
Castor Q%1 1286, - -
Goconut Gil Qed 0.6 -
God Liver Uil e 2o -
Corn Qil 2o 3.2 2.3
Cottonpeed Vil 249 &0 -
Lard 07 0.8 -
Linseed Uil Raw Sedk S8 w
Linseed Cil Boiled K PR 4.0 -
Neatafooct Cil. Se8 5.6 -
Olive 011 Dot - -
Peanut Gil 2.4 2.9 2.4
Salmon 011 Lo - -

41

A. The entire preparation of fatty acids car-
ried cut in the presence of alr.

B. The saponification was done in an atmosphere
of unitrogen; the rvest of the procedure in care
bon dioxide.

. The entire preparation of fatly ncids carried

out in an atmosphere of anlitrogen.



Reutral

Source of Acids

T&ﬁl& X111
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Eguivalenis of Free ?atty Aaida

Reutral Eguivalents

Neutral Equivalents

caleculated on bhasis of] Caloulated on basis of

acidity of acids after saponification values

heating with pyridine | of scids

Ay By Cy & By Cx

Butierfat 253 253 w 253 262 -
Captor @il S05 @ a 301 o w
Goconut 01l 210 207 - 210 208 -
cod Liver 041 - | 21 | = « | 282 | -
Sorn 041 282 283 2a2 282 278 27¢
gottonssed U1l 218 | 275 | = 277 | 273 -
Lard 277 276 - 276 274 -
Linsesed 0Ll Raw 285 283 - 283 278 -
Linseed 04il Boiled| 288 283 - 284 280G -
eatsfeot 011 208 | 286 | - 285 | 282 | -
glive 0il 280 - - 278 - -
Peanut 011 284 284 284 284 282 280
Szlmon 01} 254 - - 280 - -

A, B, C have the same

designation as in Table X1I1.



Discussion
Regarding the acetyl values of fatty scids as detersined
by Benedikt and Ulser®s method, Lewkowitsch paid that
Pee——most of the numbers contained in the older
1iterature and stated tc indicate the presence of
hydroxylated fatty acids in matural oils and fats

(with the exception of castor oil and, perhaps, grape

seed oll and guince oil) must bs rejected as fioti-

tions values." ‘

We have evidence, however, from the analyses of a con-
gidecrable mumber of free fatty acids by an improved method
for determining acetyl values, that the presence of auaii
amounts of hydroxylated fatty acids in fats and eils of plant
and animal origin is quite general. 7This fact becomes of some
significange in consideration of the possible rele of hydroxy-
lated fatiy acids in fatty acid astabolism. The demonstration
of increased amounts of hydroxy-acids in the tissues of sni-
mals in a state of increased fat metabolism would lend direct
procf to Dakin's theory as te the mechanism of fatiy acid oxi-

dation. The ifmproved method is well suited for this purpose,

and research along sucl lines is c .mitemplated,
;o
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Summary
i, HMethods of determining the scetyl values of fats

and fatty ascids have been discussed.

2. 4n improved prosedure for the determination of the
acetyl values of fats and fatty acids has been éaﬁgéigeé and
compared with other methoas.

3e A study was made of the agetyl values of a number of
fate and fatiy acide and t&e foliowing points were dencnstra-
ted:

8. 7The concurrent rise in scetyl ?&1&33 of fats
with an Increase in free acidity:

bs The auto-oxidation of free falty acids on long
exposure Lo air, with the formation of hydroxylated scids;

c. The gensral presence of hydroxylated fattiy

acids in fats and oils of both plant and animal origin,
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