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FIG. I 
Effect of Oxldlzed Lard on Fresh lard 

(AI)wRancid Lard P. V. 64.0 
(A2)--Rancid Lard P. V. 62.0 Steam-blown 100 ° C. 
(BI)~Rancld Lard P. V. 182 
(B2)--Rancid Lard P. V. 182 Steam-blown 100 ° C. 

The first definite attempt to explain the rancidifica- 
tion of fats as a che~nical change is probably due to 
Scherer 1, who as early as 1795 took the position that 
fats obtained "sharp, burning and biting tastes" by 
contact with oxygen. By 1890 Ritsert  ~ had estab- 
lished that rancidification was an oxidative change 
which required only the presence of oxygen and which 
could be accelerated by light. The first suggestion that 
rancid odors and tastes are due to aldehyde compounds 
is apparently due to Marx  3 in 1899. About this same 
time, Kreis  4 developed probably the first purely chem- 
ical test for rancidity. F rom the time he originally 
proposed his phloroglucinol test down to very recent 
years, investigations have to a large extent concerned 
themselves with explanations, refinements and modi- 
fications 5, 6, 7, s, 0, of the Kreis  reaction or with other 
color tests to replace it, such as that of Von Fellen- 
berg'  °. 

More recently, oxygen absorption tests, measure- 
ments of the rate of volatile aldehyde formation 11, and 
measurements of the rate of methylene blue reduc- 
tion r,, is have been proposed as means of studying 
the susceptibility of fats to oxidation. Wheeler  ~* dis- 
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Ceeeeatrat lee  of O i ~ l i u d  F a t  (%)  ..~.-, . . . . . . . .  ' ,  

Fig. I I  

Effect of Oxidized Lard on Fresh Lard 
(A3)wRancid Lard--P. V. O.ImSteam-blown 200 ° C. 
(B3)--Rancid Lard--P. V. 1.8--Steam-blown 200 ° C. 
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FIG. Ila 
Stability Relationship of Non-Rancld Lard 

AmAcfual Curve 
B--Calcdated Curve 

cusses these and other methods with adequate refer-  
ences in an article in which he proposes the measure- 
ment of peroxide formation as an index to the resist- 
ance of an oil to oxidative rancidity. 

Considerable work has been done in recent years on 
the subject of pro- and negative catalysts of oxidation. 
Vibrans 15 has reviewed the field of negative catalysts 
in a recent address before the American Oil Chemists' 
Society. The study of positive catalysts has been con- 
fined largely to the effects of light and of metals and 
their salts. 

The major  attention of investigators in this field 
has been the detection and quantitative estimation of 
the end products of oxidation, and the measurement of 
induction period. Many decomposition products have 
been isolated and identified 6. Although it has been 
long recognized that the oxidation of fats is auto- 
catalytic, very little information is available on the 
effects of the accumulated end products on the oxida- 
tion itself. The question of whether heptaldehyde, for 
example, has any influence on the oxidation once it 
has accumulated in an oxidizing fat, has not been 
answered. 

The work reported here represents an attempt to 
arrive at some general idea of the catalytic effects of 
the end products of oxidation. Rancid fat itself was 
used as a source of some of these end materials. I t  
has been clearly appreciated in recent years that most 
fats possess a certain natural resistance to oxidation 
which is gradually overcome by continuous action of 
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oxidizing conditions, af ter  which the oxidation proceeds 
most rapidly. There has been observed a wide differ- 
ence in the extent of this induction period, depending 
among other things on the origin of the fat. Lard,  
for example, exerts  a more forceful resistance to the 
uptake of peroxide oxygen than is the .case of most 
refined vegetable oils. In this work, lard was chosen 

a s  the fat to be studied and the effect of various sub- 
stances on the induction period has been measured .  
Just  as the induction period of a fat is reduced when 
small amounts of metallic catalysts are added, so should 
the induction period of fresh fat be shortened by ad- 
dition of rancid fat, provided positive catalysts are 
present. Rancid fats have been treated by distillation 

~ , ~ , , ~  ot (~ddi;~t F,,,t (%) 

FIg. I11 
Effects of Oxidized Lard vs. Oxldized C. S. Oil 

Aml04  P. V. Lard 
B~IO0 P. V. C. S. Oil 
C---Calculated Curve 

TABLE I.--CHARACTERISTICS OF OXIDIZED LARDS 
(Peroxide Values (milliequivalents/Kilo) 

A. S1. Rancid B. Highly Rancid 
1. Rancid Lard . . . . . . . . . . . . . .  64.0 182 
2. Rancid Lard blown with steam 

at 100 ° C . . . . . . . . . . . . . . . . .  62.0 182 
3. Rancid Lard b!own with steam 

at 200 ° C . . . . . . . . . . . . . . . . .  0.1 1.8 
The rancid lards, particularly the sample showing 

182 Peroxide Value, possessed the characteristic dis- 
agreeable taste and smell. The samples blown with 
steam at 100 ° C. were odorless, bland-tasting, and 
entirely palatable. The treatment had removed by 
volatilization, all the decomposition products which 
give rise to the typical rancid odors and tastes, without 
materially reducing the peroxide content. The taste 
and odor of rancid lard cannot, therefore,  be traced to 
the peroxides. The samples blown with steam at 
200 ° C. were likewise odorless. Their  flavor was 
somewhat flat but in no way suggestive of typical 
rancidity. The peroxides were almost completely de- 
stroyed by the treatment at 200 ° C. As the tempera- 
ture during the blowing rose, a point was reached at 
about 140-160 ° C. where active distillation of some 
volatile materials occurred. This would seem to be the 
approximate decomposition temperature of the per-  
oxides. 

These six samples of treated lard were added in 
varying proportions to fresh lard. The stability as 
indicated by the induction period was then measured 
by the active oxygen or peroxide method proposed by 
King, Roschen and I rwin TM. The stability in this 

to remove some of the products of oxidation, af ter  
which the non-volatile products were compared with 
the untreated rancid fat in its effect on the induction 
period when added to fresh fat. 

Yie lded  S ix  S a m p l e s  

Two samples of about 1500 grams each of lard of 
excellent keeping quality were aerated at 80-90 ° C., 
one until it became slightly rancid, the other until it 
became highly rancid. Portions of these racid lards 
were then blown with steam at 100 ° C. and 3-5 mm. 
Hg. pressure for 3 hours. Samples were removed and 
the blowing continued at 200 ° C. for 3 hours. This 
treatment yielded six samples of oxidized lard with 
the following characteristics. (TableI . )  

Co~tmt lon  o! Oxidized Fst  (%) 

FIG. IV 
A~31.8 P. v. Lard 
P,~30.6 P. V. C. S. Oil 
C--CMculafed Curve 

~7 
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T A B L E  I I - - S T A B I L I T Y  O F  F R E S H  L A R D  T R E A T E D  W I T H  
O X I D I Z E D  L A R D  

Rancid Lard  Rancid Lard  
Steam Blown at Steam Blown at 

Concentration Ranc id  Lard  100 ° C. 200 ° C. 
of  Oxidized 64 P C *  I82 PV* 62 PV* 182 PV* 0.1 PV* 1.8 PV*  

Lard ( % )  (A1)  (B1)  (A2)  (B2)  (A3) (B3)  
0.00 18 18 18 18 18 18 
0.62 14 14 . . . .  
1.25 i3 11 i,i lO . . . .  
2.50 12 8 11 7 
5.00 9 4 9 5 i~ i2 

10.00 5 . .  5 . .  12 9 
20.00 . . . . . . . .  10 5 
50.00 . . . . . . . .  4 2 

*Peroxide Value (mil l iequivalents/Kilo) .  

method is taken as the number  of  hours  
of  aeration at 208 ° F. required to reach 
the first peroxide value greater  than 20 
miltiequivalents/kilo of  lard. Table II  
gives the results.  

The  results  have been reproduced 
graphically in Figures  I and II. In-  
cluded with the experimental  curves are 
sets of  calculated curves drawn with 
broken lines. These  curves are derived 
on the basis of  the following considera- 
tions. 

In the active oxygen test method, the 
stability of  lard is defined as the number  
of  hours  required to reach a peroxide 
value of 20 milliequivalents per kilo ot 
fat. I f  a f resh lard, which usually has  
a peroxide value under  one, is mixed  
with a small amount  of a rancid lard 
which has a peroxide value over 20, 
then the peroxide value of the mixture  
will be higher  than that  of the fresh 
lard, and proportionately less t ime will 
be needed to develop the required 20 
milliequivalents per kilo. Fur thermore ,  
there will be a critical concentration of 
rancid lard at which the ini t ial  peroxide 
of  a mixture  with fresh lard will jus t  
equal 20.0 and the stability, by the above 
definition, will become zero. Refer r ing  
to Fig. I, a mixture  of  Lard  (B1) ,  
whose initial l~eroxide value is 182, con- 
taining 10.9% (B1) and 89.1% fresh 
lard (the initial peroxide of which in 
this case was 06)  would have an initial 
peroxide of 20.0 and conse0uently it 
stability of zero. The  curve (B1) 1 could 
be built up by a series of  similar com- 
putations down to zero concentration of 
rancid lard, at which point the stabilltv 
would be 18 hours.  The  curve (BI) ~ 
would therefore represent the expected 
or calculated stability due to initial per- 
oxide in the mixtures .  The catalytic ac- 
tion of any given lard is indicated by 
the deviation of  the experimental  c - rye  
f rom the calculated curve. The validity 
of  the calculated curves is indicated by 
Fig. I Ia  which represents the stability 
relationships of  two fresh lards. The  
exnerimentat  curve is identical with the 
calculated curve. 

In the light of  these conslderat:ons, all 
six o f  the samples of  oxidized lard an- 
pear as active catalysts or may  he said 
to contain active catalytic material. 

T h e  Act iv i ty  of  Mater ia l s  Volati le at  
I00 ° C . - - H e p t a l d e h y d e  

It will be noted f rom Fig. I that  curves 
for rancid lard and lard blown at 100 ° 
C. are practically ident lcal-- that  is, curves 
(A1)  and (A2)  correspond, as do (B1)  
and (B2) .  The  materials  volatile at 100 ° 
C., which include the materials  responsi- 
ble for rancid odor and taste, therefore 
appear to be inactive as catalysts. If  
these materials were active catalysts we 
should expect that  lard which had been 
freed from them would produce smaller  
~ 2 8  

changes in induction period than lard 
which retained them, while as a matter  
of fact these lards show somewhat  
greater  effects. The  differences, however, 
are probably not  significant. 

This  conclusion was unexpected as it 
seemed to be the general feeling that all 
the oxidative end products have some 
effect in promoting the oxidation. Ad- 
ditional exper iments  were under taken to 
throw fur ther  light on this point by 
measur ing the effect of the volatile con- 
stituents. A sample of rancid lard 
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To guard  against  the possibility that  
the active oxygen method was not yield: 
ing reliable results  in measur ing  the ef-  
fects of  volatile materials  because of 
the ready escape of  these materials in 
the aeration, incubation tests in tightly 
dosed  jars  at 70 ° C. were conducted on 
the sample treated with rancid vapor. 
Table I I I  shows that the oxidation of  
the treated sample under  these conditions 
proceeds in a manner  a lmost  identical 
with the control samples,  the induction 
period being just  under 7 days /or  the 
treated sample and jus t  over 7 days /or  
the controls. 

Heptaldehyde 1' has definitely estab- 
lished itself as one of the cleavage prod- 
ucts of  fat ty oxidation. As  an additional 
check, a sample of Eas tman  Kodak 
heptaldehyde was incorporated in lard. 
The  oxidation of the heptaldehyde treated 
samples was followed in tightly closed 
jars  at 70 ° C. and at room temperature, 
the test at room temperature being added 
to provide additional insurance against  
the escape of  the volatile heptaldehyde: 
Table IV gives the results of  this test. 

The  results show that  heptaldehyde 
has  no accelerating effect on the oxida- 
tion of lard under these conditions. The  
end of the induction period in the 70 ° C. 
tests was reached at the end of  five days 

T A B L E  I I I - - E F F E C T  O F  M A T E R I A L S  V O L A T I L E  A T  I00 ° C. 
(70 ° C. I N C U B A T I O N )  

Control. Orig.  
Time (days)  lard blown with 

Original  Lard Nitrogen only 
Peroxide  Odor Peroxide  Odor 

Value Value 
1 1.1 Fresh 1.1 Fresh  
2 1.5 Fresh  1.6 Fresh  
5 6.3 Bland 6.1 Bland 
6 8.7 S1. Sharp 9.0 SI. Sharp 
7 19.2 S1. Rancid 14.3 O K ?  
8 35.9 Rancid 39.8 Rancid 

Treated Sample. Orig. 
lard blown with Nitro- 

gen + Rancid Vapor 
Peroxide Odor 

Value 
1.4 Rancid 
1 8 S1. Rancid 
6.1 S1. Sharp 
9.7 S1. Sharp 

27.2 SI. Rancid 
50.0 Rancid 

(PV104) was blown with nitrogen at 
100 ° C. for 4 hours.  Nitrogen was used 
to prevent fur ther  decomposition of the 
lard. The  volatile oxidation products of 
the rancid lard, together with the ni- 
trogen gas, were carried th rough  fresh 
lard held at a temperature just  sufficient 
to keep it melted (110 ° F.) .  The  rancid 
lard f rom which some of the volatile 
materials had thus been removed was 
then compared with the original rancid 
lard in its effect on the induction period 
of fresh lard. The two lards again 
yielded identical graphs.  The  fresh lard 
which had absorbed the rancid vapors 
was tested for stability by the active 
oxygen method and gave results identical 
with a control sample which had been 
blown with nitrogen only. The untreated 
sample, the control sample, and the sam- 
ple treated with rancid vapor all gave 
active oxygen method stabilities of 20 
hours. 

for all samples, control and treated alike. 
At  room temperatures,  all samples also 
oxidized equally al though,  of  course, the 
induction period is longer at the low tem- 
perature. 

The conclusion is, therefore, drazvn that 
the materials volatile at 100 ° C. are in- 
active as catalysts of oxidation. Includea 
in these volati le end products are the 

products responsible for  rancid odor and 
taste. 

T h e  Act iv i ty  of  Peroxide  

Figure  II represents the effects on 
fresh lard of additions of oxidized lard 
which has  been steam blown at 200 ° C, 
The peroxides of  these steam b!own 
lards have been practically completely de- 
composed, yet the lards show high cat- 
alytic activity. This  would lead to the 
tentative conclusion that the peroxides 

(Continued on page 236.) 

Control 
Time Peroxide Odor 
(days)  Value 

1 5.3 O K  
2 10.3 O K  
3 16.0 ? 
5 26.0 SR  
9 41.5 R +  

5 4.0 OK 
8 4.6 O K  

11 4 .7  O K  

T A B L E  I V - - E F F E C T  O F  E A S T M A N  K O D A K  H E P T A L D E H Y D E  
0.01% Heptaldehyde 0.10% Heptaldehyde 
Peroxide  Odor Peroxide Odor 

Value Value 
70°C. 

6.2 Heptaldehyde 5.1 St rong Heptal. 
10.6 Heptaldehyde 10.8 S t rong  Heptal. 
17.0 SI. Heptaldehyde 16.7 Strong Heptal. 
27.9 S1. Heptaldehyde 25.8 Strong Heptal. 
41.5 Rancid-{- 39.6 Heptal . -Rancid 

Room Tempera ture  (80-85 ° F.)  
4.0 Heptald. 4.0 St rong Heptah 
47 Heptald. 4.7 Strong Heptal.  
4.7 Heptald. 5.0 St rong Heptal. 
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REPORT OF THE OLIVE OIL 
COMMITTEE FOR 1933-1934 

By M. F. Lauro, Chairman 

The Committee has had under advise- 
ment the draf t ing of specifications for 
O L I V E  O I L  and for O L I V E  O I L  
F O O T S  otherwise known as sulphur oil. 

Values for these oils are today not 
satisfactorily defined either in the litera- 
ture or by any authority. Since there is 
a need for their proper limitation in the 
case of olive oil and a growing demand 
by the trade in the case of sulphur oil 
for a closer control on quality and free- 
dom from foreign material, it was felt 
that  this committee could per form this 
meritorious and necessary function in 
the interest of  the Society and for the 
benefit of the industries involved. The  
American Society for the Test ing of 
Materials has accomplished such a serv- 
ice in the case of oils like linseed, soya 
bean and perilla. Our  purpose is to es- 
tablish an A. O. C. S. set of s tandards 
or specifications as a guide for those of  
the trade that  care to avail themselves 
of a superior classification than heretofore 
exists. 

Obviously, we must  proceed with con- 
siderable thought  and caution, and plenty 
of time mus t  be allowed to insure fair 
and proper results. W e  must  avoid any  
hasty conclusions which may be re- 
gretted later. A tentative schedule of  
values may be published in the journal  
and allowed to stand for some time, in- 
viting criticism by all and their sugges-  
tions for fur ther  improvement. 

It  was in Augus t ,  1933, that the chair- 
man suggested to the committee the task 
of setting up "standards" for these two 
products and the response was very 
favorable to an undertaking wider in 
scope that had originally been proposed. 
All thought  it an excellent idea for the 
Society to go into this phase of activity, 
with the proper safeguards,  of course. 
The  major i ty  of  the membership felt it 
incumbent on the committee to study oils 
from other localities than Italy and Spain, 
taking in those oils that  differ in some 
respects, such as f rom Algeria, Tunis  
and Dalmatia.  

Replies were received f rom time to 
time f rom the various members, into 
which it is unnecessary to go in detail, 
offering valuable suggestions, modifying 
some of the values and adding others. I t  
is a pleasure to note that  a large part  
of  the data subsequently submitted rests 
on the actual analysis over a period of 
years of  samples of  oil and foots dealt 
with in the trade with the larger users  
of  these products. This  gives us figures 
representing the fair and usual values 
for our basis for the normal limits. 

It  would appear f rom the various com- 
ments and figures submitted that as a 
whole there is substantial agreement,  but  
one view would widen the scope to take 
in all pure oils regardless of how large 
a difference this would make in the range 
of value from min imum to m a x i m u m  and 
the other view would narrow this range 
to cover only such values as represent the 
fair and usual  oils appearing on the 
market.  I have purposely d rawn this 
distinction more sharply than the replies 
on their face would warrant ,  because 
when studied it will be seen that  these 

two views are inconsistent and antagon- 
istic to each other. 

However,  a good start  has been made 
and it is hoped that  with the publication 
of these results, the necessary interest 
will be aroused to bring forth the criti- 
cism required to build up a durable struc- 
ture. Comment  is therefore invited f rom 
all quarters,  f rom the olive oil t rade as 
well as f rom the chemists.  

O. S. Obtains Larger Share of 
China's Chemica] Impor~'s 

The participation of both the United 
States and Japan in China's chemical im- 
port trade was greater  in the first half 
~)f the current  year than in the corre- 
sponding period of 1933, while the share 
of Germany in this trade declined, accord- 
ing to C. C. Concannon, chief of  the 
Commerce Department ' s  chemical divi- 
sion. China's imports of  chemicals and 
allied products were valued at $16,500,- 
000 during the first six months  of 1934, 
a decline of 14 per cent compared with 

the corresponding period last year. Ger- 
many continued the largest  source of  
supply, accounting for 30 per cent of the 
total compared with 34 per cent last year, 
while the United States increased its 
share from 14 to 16 per cent and that  
of Japan increased f rom 11 to 15 per 
cent, it was stated. Substantial reductions 
in receipts of industrial chemicals, espe- 
cially sulphuric acid, ammonium sulphate, 
bleaching powder, potassium chloride, 
soda ash, nitrates were largely responsible 
for China's reduced imports. China with 
its large textile interests, Concannon 
points out, is an important  market  for 
dyes and takes more American dyes than 
any other foreign country. Exports  of 
chemicals and allied products f rom China 
are limited, the largest  item being tung 
oil, a commodity used extensively as a 
raw material in the paint and varnish 
industry. Exports  of tung oil dur ing 
the first half of  the year declined 6 per 
cent in value to $6,600,000 compared with 
the corresponding period last year. The  
United States is China's largest export  
market  for this product. 

Elecfed ~o A.N.A.I. 
The Norwich Pharmacal  Company, 

d rug  manufac turers  of  Norwich, New 
York, has been elected to membership in 
the Association of Na t iona l  Advertisers,  
Inc. Dr. W.  M. Stofer,  Vice-President 
in Charge of Advertising, will represent 
his company in the A. N. A. 

A U I C  ( XIUAIIC  
(Continued from page 228.) 

may also be inactive in the oxidation. 
The following tests were made  in an  at- 
tempt to verify this conclusion. 

It has been known for some time that  
lard develops the typical odor of  alde- 
hyde rancidity at relatively low per- 
oxide values (about 20.0 milliequiva- 
lents /Ki lo) ,  while some vegetable oils 
do not develop aldehyde rancidity odors 
until a peroxide value above 100 has  been 
reached. It follows that  a lard with 
a peroxide value 100 would presumably 
contain relatively large amounts  of other 
decomposition products, while vegetable 
oil with 100 peroxide would contain at 
most  only relatively small  quantities. 
Similarly a lard of  30.0 peroxide would 
contain some other oxidation products 
while the vegetable oll of  equal peroxide 
would presumably contain only extremely 
small amounts.  It was thought  that a 
comparison of lard and cottonseed oil at 
equal peroxide values would yield, by 
difference, some information on the ef- 
fect of peroxides. 

Samples o f  lard and cottonseed oil of 
the following peroxide values were pre- 
pared by aeration at 80-90 ° C. 

1. L a r d - - P e r o x i d e  Value . . . . . .  104 
2. C. S. Oi l - -Perox ide  Value . .  100 
3. La rd - -Pe rox ide  Value . . . . . . .  31.8 
4. C. S. Oi l - -Perox ide  Value . .  30.6 
I t  is difficult to control the aeration to 

get identical peroxide values, but these 
values were considered sufficiently close 
for the purpose of  this study. 

The  oxidized products were then in- 
corporated in fresh lard and the stability 
of  the resulting mixtures  was measured 
by the active oxygen method. Table V 
gives the results. 

The  results have been plotted in Fig-  
ures I I I  and IV, F igure  I I I  represent- 
ing results for 100 P V  fats, Figure IV 
for  30 P V  fats. 

In both cases the activity of  lard ex-  
ceeds that of  cottonseed oil, the lard 
curves lying substantially below the 
curves for cottonseed oil, indicating that  
the active factor is something besides the 
peroxide. The  interest ing curve i s  the 
one shown in Figure IV where the lard 
of P. V. 31.8 shows definite catalysis, 
while the cottonseed oil of equal peroxide 
shows no catalytic action, in fact, seems 
to stablize the mixture  beyond the ex-  

T A B L E  V 
E F F E C T  O F  O X I D I Z E D  L A R D  VS. O X I D I Z E D  C O T T O N S E E D  OIL  

Stability (Active Oxygen Method)  
Concentrat ion of La rd  C.S.  Oil Lard  C.S.  Oil 
Oxidized Fa t  (%)  P . V .  P . V .  P . V .  P . V .  

104 100 31.8 30.6 
0.0 21 21 21 21 
2.5 12 14 
5.0 7 11 i3 2i 

10.0 3 7 10 18 
20 0 . . . .  5 14 
30.0 . . . .  4 13 

2 3 6  
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pected stability. This, however, may be 
due somewhat to change in oxidation 
characteristics of lard when cottons.eed 
oil is added. 

The conclusion that the peroxides are 
inactive as c~talysts would, therefore, ap- 
pear to be justified., 

With the peroxides and volatile end 
products inactive and lard which has 
been freed from volatile materials and 
peroxides by steam distillation at 200 ° C. 
still showing strong catalytic action, the 
inference that the active catalytic mate- 
rial is some substance of high molecular 
weight not readily volatile at 200 ° C. 
and 3-5 ram. Hg pressure seems logical. 
Figure VI represents a possible mechan- 
ism of oxidation, starting with a tri- 
.glyceride of stearic and oleic acids, pass- 
mg through the peroxide stage, and end- 
ing with glycerol alpha beta distearin, 
gamma azelaic semi-aldehyde and pel- 
argonic aldehyde. The peroxide and 
pelargonic aldehyde would presumably 
be inactive on the basis of evidence pre- 
sented above, leaving as the active ma- 
terial an aldehyde of high molecular 
weight. Figure VII represents the oxi- 
dation of oleic acid according to Powick*. 
Applied to the triglyceride represented 
in Figure VI, the end products would be 
heptaldehyde, epihydrin aldehyde and 
glycerol alpha beta distearin, gamma 
pimelenic semi aldehyde, the latter com- 
pound being the active material. 

It was our object to synthesize a com- 
pound of similar structure and to test its 
action on lard. Dr. Young, of our Re- 
search Staff, has synthesized a product 
which apparently is aloha gamma di- 
laurin beta glyoxalin (Figure VI).  The 
yields, however, were so small that both 
tests for catalytic activity and a deriva- 
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II.C - OOC ( CH2 ) 7CH=CH ( CH2 ) 7CH . H2COOC ( CH2 ' 7~i~ ( CH2 ) 7CH~ H2iOOC (CH.) ~H I H~(CH.) 7CH . 

i f 
~C-OOC~C~)TC~2C~CH~)vCH 3 ._. HCOOOICH~TCH2C~(CZ2~vCH s ~ ~COOCCCH2)TC~C~fi~vCS 3 

~C-ooclc~)VC~C~IcH~C~ ~ ~COOC~C~C~CH~C~C~ s ~COOClC~CH~C~C~IvC~ s 

Glycerol alpha beta'distearin ~ peroxide , * Glycerol alpha beta 
gamma oleln dietea~in ~e~mua azal~i~ 

semi aldehyde plus 
pclarsOnlc acid. 

m~cooc(c~)loc~ s 
I o 

HCOOC~H 

.2cooccc.2~ioC~ 

Glycerol alpha gsmma dilau~in 
beta glyoxalin. 

FIGURE Vl 
Oxidation Mechanism for a Tricjlycerlcle 

tive to determine structure could not be 
made. The material showed a high 
catalytic activity, a lard of 18 hour AOM 
stability being reduced to 12, 8 and 4 
hours by respectively 0.087%, 0.175% 
and 0.35% of material. Silver oxide 
was used in the preparation of this sub- 
stance. It is possible that the catalytic 
action is due to remaining traces of 

silver. In view of the possible effects 
of this metal, and the small yields which 
made it impossible to check the struc- 
ture, this synthesis will need to be re- 
peated. 

Summary 
Evidence has been presented: 
(1) That materials volatile from ran- 
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FIGURE VII 
Oxidation of Oleic Acid According ¢o Powick 

cid lard at 100 ° C. and 3-5 ram. H g  
pressure are inactive as catalysts o f  oxi- 
dation. These  materials  include the sub- 
stances which arc responsible for rancid 
odor and taste. 

(2)  Tha t  the peroxides are inactive as  
catalysts of  oxidation. 

~ept a ldehyde  

Epih~drin 

Aldehyde 

Half  Aldehyde 

o f  p tme len io  

a o l d .  

Conclus ion 
The  conclusion has  been drawn that 

the active catalytic materials  are of  high 
molecular  weight and not readily volatile 
at 200 ° C. and 3-5 mm.  H g  pressure. 
This  conclusion has  been tentatively 
checked by the use of a synthetic product. 
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that part  of the condenser tube should 
reach within 0.25 inch of the surface of 
the liquid. 

C. P. Long. It  is very desirable that 
the F. A. C. hot-plate method, which is 
one of the official wethods of  the A. O. 
C. S., be standardized much  better than 
it is now. W e  believe that the size of  
the sample, the dish used, and the hot 
plate itself, and its temperature should be 
specified. W e  have set a limit of  130 ° C. 
as the m a x i m u m  temperature to which 
the oil should be heated. 

It  has  been our sad experience that 
calcium chloride will give up moisture 
to dry samples long before its physical 
appearance will give any indication of  its 
condition. For  this reason the committee 
should place some limit on the use of  
desiccating agents to 'be used in the desic- 
cator. 

H. H. Mosher. W e  have compared the 
hot-plate and distillation methods with 
ten samples of  different oils and obtained 
practically check results when the time 
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factor and the temperature of  the hot 
plate was accurately controlled. W e  have 
found, however, that there is a small pro- 
gressive deterioration of  oil by the hot- 
plate method with a gradual loss in 
weight, so that some care and intelligence 
mus t  be exercised in determining the end 
point. W e  have usually estimated this at  
the point at which the loss of  weight 
flattens out. 

R. H. Pingree. In  order to eliminate 
the difficulty and expense of  replacing 
parts of  the distillation apparatus,  I would 
recommend that both ground joints be 
"Standard Taper  and Interchangeable 
Joints!' and would suggest  for this pur- 
pose Standard Joint No. 25 (Bt:reau of 
Standards,  Commercial Standard CS21- 
3 0 ) .  

IV. H. Tiffany. After  making a number 
of tests with rapid evaporation methods, 
it would appear that the results are un-  
reliab!e and subject to variations due to 
the speed of the determination, super- 
heating at walls of vessel, or  other un- 
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known factors. However,  after  running  
a number  of  analyses according to the 
specifications of the hot-plate method as 
modified by the committee, I find that  the 
results check well and are in good agree- 
ment  with those by the distillation method. 

Ralph Vvrechsler. Concerning the dis- 
tillation apparatus, I fully agree with Mr.  
Lauro  that  the lower end of the con- 
denser tube should not dip into the liquid 
of the trap, but should extend only to 
about 0.25 inch above the surface, in order 
to prevent the liquid f rom shooting up 
into the tube. 

S u m m a r y  

The committee finds that both the A. A. 
T. C. C. distillation method and the modi- 
fied hot-plate method are satisfactory for 
the determination o f  moisture in com- 
mercial sulfonated oils that are free f rom 
other volatile matter.  The  agreement 
among different analysts  was about the 
same for both methods, with an average 
variation of about 0.3%, which may also 
be considered as the probable precision 
or reliability of each method. Hence, the 
committee recommends the A. A. T. C. C. 
distillation method as a standard method 
and the modified hot-plate method as an  
alternative method. In  the proposed pro- 
cedures, the A. A. T.  C. C. moisture ap- 
paratus has been modified so that  the 
end of  the condenser tube is raised above 
the level of the liquid in the trap, and 
the specifications for the ground joints 
have been changed to correspond to Inter-  
changeable Ground-Glass Joint 25 of  Com- 
mercial Standard CS21-30. The F. A. C. 
hot-plate method has been modified to 
include a short  thermometer  ( for  the Con- 
trol of  temperature and to serve as a 
st irr ing rod),  heating in an air-oven be- 
fore weighing, and the addition of oleic 
acid to keep the sample homogeneous and 
liquid. 

P r o p o s e d  S t a n d a r d  M e t h o d  o f  
T e s t  f o r  W a t e r  i n  S u l f o n a t e d  

( S u l f a t e d )  O i l s  

A. O. C. $ .  Dist i l lat ion Method 
1. Scope. This  method of test deter- 

mines water exist ing in a sample of  
sulfonated (sulfa ted)  oil by distilling the 
sample with a volatile solvent. It  applies 
only to sulfonated oils that  do not contain 
the following: mineral acids, free sulfonic 
acids, or free sulfuric  acid ester;  or  al- 
cohol, glycerol, diethylene glycol, acetone, 
or other water-miscible volatile com- 
pounds. 

Apparatus  
2. General. The apparatus shall consist 

of  a glass flask, heated by suitable means 
and provided with a reflux condenser, 
discharging into a trap and connected to 
the flask. The  connections between the 
trap and condenser and flask shall be 
ground joints. The trap serves to collect 
and measure  the condensed water and to 
return the solvent to the flask. 

Before use, the condenser and the re- 
ceiving tube shall be thoroughly cleaned 
with soap and warm water, rinsed well, 
then treated with hot cleaning solution 
(a mixture  of  10 ml. of saturated potas- 
sium bichromate and 990 ml. of  concen- 
trated sulfuric acid),  and finally thor- 
oughly washed and dried. 

3. Flask. The glass flask (Fig. 1A) 
shall be of  the short-neck, round-bottom 
type, made of  well-annealed glass, having 
an approximate capacity of  500 ml. 

4. Heat Source. An oil bath (stearic 
acid. paraffin wax, etc.) or an electric 




