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method, the effects of linoleate hydroperoxide, hemo- 
globin concentrations, and temperature on the rate 
of hydroperoxide decomposition was studied. In ad- 
dition, the catalytic aetivities of several hemoproteins, 
metallo-protoporphyrins, and metal chelate compounds 
were determined. 
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Products of Unsaturated Fatty Acid 
Catalyzed by Hematin Compounds 

Oxidation 

VINCENT P. MAIER ~ and A. L. TAPPEL, Department of Food Technology, 
University of California, Davis, California 

T 
HE I S I P O R T A N C E  Of further knowledge of the 
mechanism of unsaturated fat ty acid oxidation 
catalyzed by hematin compounds is given in 

previous papers (8, 15, 16). The critical part of 
this mechanism is the reaction between the henlatin 
compounds and peroxides of the fatty acid in which 
free radicals are produced. 

However very little is known concerning" this inter- 
aetion of hematin eompounds and peroxides. The 
purpose of this research was to identify the products 
of the hematin-hydroperoxide reaction in an unsatu- 
rated fat ty acid system. 

The first section of this paper describes the identi- 
fication of the initial products of hematin-hydropcr- 
oxide interaction, using both a-cumyl hydroperoxide 
and a methyl linoleate hydroperoxide. Alpha-cumyl 
hydroperoxide was chosen be.cause of its well-studied 
reactions with ferrous ion and methyl linoleate hydro- 
peroxide because of its similarity to hydroperoxides 
present in oxidizing fats. Since alkoxy free-radical'~ 
were the expected initial products, hydroquinone was 
used as a radical trap in the reaction system to con- 
vert the alkoxy radicals into their corresponding alco- 
hols. The alcohols were then identified by standard 
ehenlieal and physical methods. 

The second section of this paper describes the 
identification of the secondary reaction products of 
a hematin-linoleate hydroperoxide-pota,~sium linolc- 
ate system. Because of the extreme complexity of 
this reaction the identification of reaction products 
was limited at this time to separation into solubility 
classes and quantitative determination of functional 
groups. 

Experimental 
Reactants. Commercial 69% a-cumyl hydroperox- 

ida (Monomer-Polymer Inc.) was used without fur- 
ther purification. A methyl linoleate hydroperoxide 
concentrate containing 1.05 meq./g. (33.2%) was 
prepared by the lipoxidase catalyzed oxidation of an 
emulsion of pure methyl linoleate (Hormel Founda- 
tion). Potassium linoleate hydroperoxide (0.068 meq./ 
liter) was prepared from pure linoleie acid (Hormel 
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Foundation) by the lipoxidase catalyzed oxidation of 
a 0 11 M potassium linoleate solution (8). 

Reaction Systenls for Identification of Initial Prod- 
nets. The a-cumyl hydroperoxide system contained 
23.6 millimoles (5.0 g.) of a-eumyl hydroperoxide, 
47.2 millimoles of hydroquinone, and 0.085 millimoles 
of hematin in 33 mI. of water with sufficient methanol 
added to produce a homogeneous solution. 

The methyl linoleate hydroperoxide system con- 
tained 7.1 millimoles (6.76 g.) of the hydroperoxide, 
14.3 millimoles of hydroquinone, and 0.036 millimoles 
of hematin in 20 ml. of 95% aqueous ethanol. 

After 30 rain. at 25~ in a nitrogen atmosphere 
each system was filtered to remove the crystalline 
quinhydrone, and the reaction products were taken 
up in diethyl ether. The ether solutions were washed 
with 0.01 M NaOH and dried, and the ether was 
removed by vacuum distillation. 

Products of the Cumyl Hy~rop.eroxide System. 
Removal of the ether left 4.13 g. of crude product 
(82.6% recovery), which gave a negative peroxide 
test. Vacuum distillation of this material resulted 
in 3.30 g. (80.0%) of distillate (105~ ram.) and 
0.11 g. of residue. The distillate formed a 2,4-dinitro- 
phenylhydrazone, which melted at 250~ and was 
thus identified as aeetophenone. However quantitative 
gravimetrie analysis of the distillate by the formation 
of this derivative showed that only 4.0% (wt./wt.) of 
the distillate was aeetophenone. 

The distillate, after removal of the acetophenone 
by washing with sodium bisulfite, had a refractive 
index of n~j ~ 1.5199. It  formed a derivative with 3,5- 
dinitrobenzoyl chloride, m.p. 105-106~ A mixed 
melting point determination with the 3,5-dinitrobenzo- 
ate of pure a-eumyl alcohol gave m.p. 106~ Thus 
the distillate was principally a-eumyl alcohol. The 
pure ~-cumyl alcohol was prepared by reduction of 
the a-cumyl hydroperoxide with sodium sutfite (3). 
The reduced product, 8.01 g., yielded 6.95 g. (86.6%) 
of distillate (105~ ram.), which gave n~ ~ 1.5207, 
3,5-dinitrobenzoate m.p. 106-107~ and a negative 
carbonyl test. Analysis showed that the original a-cu- 
myl hydroperoxide eontained about 17.4% a-eumyl 
alcohol. 
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Analys i s  

]Yfaterial r ecovered  (g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i e n e  con juga t ion  ( m e q . / g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e r o x i d e  ( m e q . / g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C arboxyl  ( m e q . / g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carbonyl  s a t u r a t e d  ( m e q . / g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carbonyl  u n s a t u r a t e d  ( m e q . / g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carbonyl  to ta l  ( m e q . / g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O x i r a n e  ( m e q . / g . )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t t y d r o x y l  ( m e q . / g . )  total ,  inc ludes  chlorohydroxy .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H y d r o x y l  ( m e q . / g . )  co r rec ted  for  chlorohydroxy .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dens i ty  ( g . /m l .  a t  24~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25 R e f r a c t i v e  index  (n  D ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Specific ex t inc t ion  coefficient, 280  m~ (gin./1.,  1 cm.)  . . . . . . . . . . . . . . . . . . . . . . . .  
Viscos i ty  (cen t ipo i ses )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Solubi l i ty  in  60% (voL/vo l . )  aqueous  e thano l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n i t i a l  
I inoleate  

hydroperox-  
ide 

2 4 . 2 0  
1 .91 
2 .06  
3 .235  

0 .9731  

1 .4838  
1 0 3 0  
1380  
sol. 

Nonac id  
ether-soluble  

f r a c t i on  

1 .07 
0 .660  

0.0 
0 .185  
1 .04  
1 .22 
0.0 
0.O 

0 . 9 2 5 0  

1 . 4 7 1 4  
1 5 2 0 0  
1400  
insol.  

P r o d u c t s  of the r e ac t i on  

Acidic,  e ther-soluble  f r a c t i o n  

Reduced  
U n r e d u e e d  w i t h  

SnCle 

2 2 . 7 8  ........ 
0 .703  
0 .420  0 .356  
3 .230  
........ 0 .076  
........ 0 .448  

0 . 5 2 4  
0 .923  ........ 
1 .89 ........ 
0 . 9 6 2  ........ 
0 . 9871  ........ 

1 . 4840  ........ 
8 2 0 0  ........ 

1 0 0 0 0  ........ 
insol  . . . . . . . . .  

Reduced  
wi th  

N a t t S O a  

0 . 1 0 4  

0 .115  
0 . 5 2 5  
0 .640  

Products of the Methyl Linoleate Hydroperoxide 
System. Removal of the ether left 5.32 g. (78.7% 
recovery) of residue, which contained 9.1 • 10 -3 milli- 
moles/g, of peroxide (99% peroxide destruction). 
Quantitative determination of the hydroxyl group 
concentration by the acetic anhydride method (10) 
showed that 0.985 millimole/g. (93.8%) of the methyl 
linoleate hydroperoxide had been converted into the 
corresponding alcohol. Attempts to obtain a crystal- 
line 3,5-dinitrobenzoate derivative of the alcohol were 
unsuccessful. 

Reaction System for Identification of Secondary 
Products. Hematin, 0.272 millimole, was added to 800 
ml. of the potassium linoleate hydroperoxide solution, 
in the absence of oxygen. The system was allowed to 
react for 90 rain. at 25~ before extraction. A total 
of 165 moles of peroxide were decomposed per mole 
of initial hematin. 

Extraction Procedure. The reaction solution was 
adjusted to pH 8 and extracted with diethyl ether to 
remove the nonacid, ether-soluble decomposition prod- 
ucts. Removal of the ether left 1.07 g. (4.4% of the 
starting material) of a light yellow, oily material 
which had an extremely rancid odor. The alkaline 
aqueous phase was acidified to pH 3 and extracted 
with ether to remove the acidic products. Most of the 
hematin and its decomposition products coagulated 
and were removed by filtration. Removal of the ether 
]eft 22.78 g. (93.2% of the starting material) of an 
oily, brownish, highly viscous residue. The brown 
color was later shown to be residual hematin. 

Analytical Methods. Total peroxides were deter- 
mined by the method of Lundberg and Chipault (7). 
A modification of the method of Heniek, Benca, and 
Mitchell (6) was used to determine saturated and 
unsaturated earbonyl oxygen. The method of Swern 
e ta l .  (13) was employed to determine oxirane oxy- 
gen. The acetic anhydride method of Ogg, Porter, 
and Willits (10) was used to determine hydroxyl oxy- 
gen. The method is known to give high results in the 
presence of oxirane groups. However, if the oxirane 
groups are first converted to ehlorohydroxy groups, 
total hydroxy oxygen can be accurately determined 
(6). The hydroxyl oxygen content of the original 
sample can then be calculated from the difference be- 
tween total hydroxyl (hydroxyl plus chlorohydroxy) 
and oxirane oxygen. For the determination of con- 
jugated diene concentration the sample was dissolved 
in 60% aqueous ethanol, and the conjugated diene 
concentration was calculated from the absorbanee at 

232.5 millimicrons by using a molar extinction coeffi- 
cient of 27,400 (14). For reduction of peroxides the 
stannous chloride method of Holman and Greenberg 
(4) and the sodium bisulfite method of Knight and 
Swern (6) were employed. For isolated trans double 
bond concentration the method developed by Shreve 
et at. (12), using the absorbanee at 10.36 microns, was 
applied. Infrared spectra were obtained with a Beck- 
man IR2 instrument, using sodium chloride cells and 
a sample thickness of 0.03 nml. 

Results and Discussion 
Initial Products of the Cumyl Hydroperoxide Sys- 

tem. The yield of ~-eumyl alcohol from the hematin 
catalyzed decomposition of a-cumy] hydroperoxide, 
77.5% of the recovered product, compared well with 
that obtained by sodium sulfite reduction of a-eumyl 
hydroperoxide, 86.6% of the recovered product. The 
small amount of aeetophenone produced during hema- 
tin catalysis indicates that the hydroquinone was not 
completely effective in stopping the reaction at the 
alkoxy radical stage. Thus, in the presence of a hy- 
drogen-donor, the hematin catalyzed decomposition of 
a-eumyl hydroperoxide produces a-eumyl alcohol al- 
most exclusively. This shows that hematin catalyzes 
the homolytic cleavage of the -O-OH bond of a-cumyl 
hydroperoxide and produces a-cumyl alkoxy radical 
as the initial product. Kharasch, Pono, and Nuden- 
berg (5) reported that ferrous ion, at a much higher 
concentration than the hematin used here, catalyzed 
this same reaction. 

Methyl Linoleate Hydroperoxide System. The hema- 
tin catalyzed decomposition of methyl linoleate hydro- 
peroxide, in the presence of hydroquinone, produced 
a methyl linoleate alcohol which accounted for 94% 
of the initial hydroperoxide. Thus, just as with ~-eu- 
myl hydroperoxide, hematin catalyzed the homolytic 
cleavage of the -O-OH bond of methyl linoleatehydro- 
peroxide and yielded methyl linoleate alkoxy radical 
as the initial product. It  can be concluded therefore 
that the catalytic, homolytie cleavage of the -O-OH 
bond of hydroperoxides is a general property of home- 
tin, and most probably of the other hematin compounds 
as well. 

Analysis of Secondary Products for Oxygen-Con- 
taining Functional Groups. Table I lists the analytical 
data obtained. Considerable amounts of oxirane (0.923 
meq./g.) and hydroxyl (0.962 meq./g.) groups were 
found in the acidic, ether-soluble fraction. Whether 
or not these two functional groups are present in the 
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same molecule is not known. The close similari ty of 
their  concentrations however would seem to indicate 
some relationship. Possibly a hydroxy-oxirane com- 
pound is formed by the intramoleeular  at tack of an 
alkoxy radical on an adjacent  double bond, followed 
by radical combination between the alkyl radical pro- 
duced and a hydroxyl  radical:  

R - C = C - C = C - C - R  - - - - >  

0 
�9 / \  �9 O H  

R - - C = C - C - - C - - C - R  - > 

fract ion is shown by the great  increase in viscosity 
and loss of solubility in 60% ethanol. 

Interpretation of Infrared a~d Ultraviolet Spectra. 
The most impor tan t  evidence obtained f rom the in- 
f ra red  spectra is that  concerning the configuration 
about the double bonds. The linoleate hydroperoxide 
(Figure  1) contains mainly  conjugated cis, trans dou- 
ble bonds. This is shown by the double absorption 
at 10.18 and  10.53 microns (9). The greater  intensi ty 
of the 10.53 micron band is probably  due to the ab- 
sorption of residual linoleie acid at 10.5-10.6 microns. 
The weak band at 6.03 microns is due to cis bonds. 

R - C = C - C - C - C - R  

This type of reaction could help account for the excess 
of oxygen-containing functional  groups (2.19 meq./g.)  
over that  predicted (1.66 meq./g.)  f rom the amount  
of hydroperoxide decomposed [assuming the hydroxyl  
radical goes into regenerat ing the catalyst  (15)].  The 
loss in conjugated double bonds would also fit this 
hypothesis. 

The carbonyl content of this mater ial  is not known 
exactly because the presence of peroxide results in 
high carbonyl  values. Removal of the peroxide by  
reduction was not successful since stannous chloride 
proved to be inefficient in reducing peroxides and 
sodium bisulfite produced earbonyl  as a side reaction. 
Judg ing  f rom the results obtained with stannous chlo- 
ride, the carbonyl content of this mater ial  is in the 
range of 0.2 to 0.5 meq./g, with a mean value of 0.35 
meq./g. 

Approximate ly  4.4% by weight of the s ta r t ing  ma- 
terial  is found in the nonacid, ether-soluble fraction. 
This mater ial  must have been produced as a result  of 
cleavage of the linoleate molecule. About  0.35 meq./g.  
of carbonyl oxygen was found in this material ,  but  
hydroxyl  or oxiraue oxygen was not present  in detect- 
able amounts. Appa ren t l y  a considerable port ion of 
this f ract ion is hydrocarbon in nature.  Sufficient ma- 
terial was not available to pursue its characterization 
far ther .  

The earboxyl group concentration of the linoleate 
hydroperoxide and the linoleate hydroperoxide de- 
composition products  is identical, indicating that  no 
carboxyl groups are produced by the decomposition 
reaction. 

The polymeric nature  of the acidic, ether-soluble 
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Fro. i. Infrared spectrum of the linoleate hydroperoxide 
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FIG. 2. Infrared spectrum of the acidic, ether-soluble prod- 
ucts resulting from the hematin catalyzed decomposition of 
linoleate hydroperoxide. 

The linoleate hydroperoxide decomposition prod- 
ucts (F igure  2) contain mainly  isolated trans double 
bonds as shown by  the strong band at 10.34 microns. 
There is also an indication of some conjugated cis, 
trans double bonds, probably  f rom unreacted linoleate 
hydroperoxide.  This loss of conjugated double bonds 
is substant iated by the absorbanee at 232.5 millimi- 
erons, which shows a 61.8% loss in diene conjugation 
af ter  hematin catalyzed decomposition of the linoleate 
hydroperoxide.  The concentration of isolated trans 
double bonds can be estimated, using the method of 
Shrove et al. (12), who give the molar extinction of 
elaidie acid. Pasehke, Jackson, and Wheeler (11) 
have found that  the absorptivit ies of the isolated trans 
band at 10.3 microns are additive in noneonjugated 
compounds, thus allowing the method of Shreve et at. 
to be extended to the analysis of polyunsaturated,  non- 
conjugated olefinie acids. Using this method, the 
acidic, ether-soluble fract ion is found to have a con- 
centrat ion of 1.2 moles/ l i ter  of isolated trans double 
bonds. I f  all of the double bonds of the linoleate hy- 
droperoxide had been converted into trans, trans iso- 
lated double bonds, the concentration of trans double 
bonds would be 3.3 moles/l i ter.  These results indi- 
cate that  approximate ly  half  of the original double 
bonds were destroyed when the linoleate hydroperox-  
ide was catalyt ical ly decomposed by hematin.  

The presence of aldehydie or ketonic earbonyl in 
the decomposed fract ion is shown by  the broadening 
of the band at 5.8-5.9 microns. The carboxyl carbonyl  
also absorbs s t rongly in this region, thus masking the 
other earbonyls to some extent. Ultraviolet  absorption 
at 280 millimierons also indicates the presence of car- 
bonyl groups. 

The presence of hydroperoxyl  and hydroxyl  groups 
is shown by the band at 2.8-3.0 microns in the linoleate 



JAN., 1959 MAIER ET AL.: PRODUCTS OF UNSATURATED FATTY ACID O X I D A T I O N  15 

hydroperoxide and linoleate hydroperoxide decompo- 
sition products, respectively. 

The infrared spectrum of the nonacid, ether-soluble 
fraction shows in Figure 3 an intense band at 5.75- 
5.85 microns, indicating the presence of considerable 
amounts of carbonyl compounds. This agrees with the 
chemical evidence for the presence of carbonyl com- 
pounds and with the ultraviolet absorption at 280 
millimierons. The broad band at 10.07-10.28 microns 
and the shoulder at 10.45-10.55 microns indicates the 
presence of conjugated cis, tra~s double bonds (peak 
at 10.17 and 10.55 microns) and conjugated trans, 
trans double bonds (peak at 10.12 microns). This is 
in agreement with the ultraviolet absorption at 232.5 
millimierons, which shows the presence of conjugated 
dienes (0.66 mmoles/g.). The peak at 6.1 microns is 
characteristic of double bonds in general. 
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F r o .  3. I n f r a r e d  s p e c t r u m  o f  t h e  n o n a c i d ,  e t h e r - s o l u b l e  p r o d -  
u c t s  r e s u l t i n g  f r o m  t h e  h e m a t i n  c a t a l y z e d  d e c o m p o s i t i o n  o f  
l i n o l e a t e  h y d r o p e r o x i d e .  

Pathway of the Reaction. The first step in the de- 
composition of hydroperoxides by the hematin com- 
pounds involves the catalytic, homolytie cleavage of 
the O - 0 H  bond of the hydroperoxide. 

The alkoxy radical then reacts in a variety of ways 
to produce oxirane, hydroxyl, and carbony] compounds 
along with cleavage of the carbon chain, loss of con- 
jugated double bonds, and polymer formation. 

A reaction which may account for the production 
of oxirane groups has been given in this paper. This 
reaction would also aceouut for the loss of double 
bonds and formation of hydroxyl groups, all of which 
fit the experimental data. However it is possible that 
only the oxirane group is formed in this reaction since 
the intermediate alkyl radical could abstract hydro- 
gen from another linoleate molecule. 

Hydroxyl groups could be formed from the a]koxy 
radical by hydrogen abstraction from another linole- 
ate molecule. 

The process of polymerization in a system of this 
type would most probably occur by radical combina- 
tion or radical addition to double bonds. 

Ketonic earbonyl could be formed by one electron 
oxidation of the alkoxy radical. In addition, the pres- 
ence of earbonyt in the nonacid fraction shows that 
carbon chain cleavage has occurred, possibly in the 
formation of earbonyl compounds. 

All of the data found in this study suggest the 
following mechanism for the hematin compound cat- 
alyzed decomposition of hydroperoxides in the ab- 
senee of oxygen: 

H H 
1) FeOH+ROOH ~ . . . .  FeOOR+HOH 

H H 
2) FeOOR -~ FeO.+ .OR 

H H 
3) FeO-+RH - - - ~  FeOH+R- 

H H HOH H 
4) FeO '+R"  ~-~---'~ FeOR , FeOH+ROH 

H H 
5) FeO-+RH - FeOH+R.  

This mechanism is an expansion of the one pro- 
posed previously (15, 16). Reaction 4 has been added 
to account for the incorporation of hydroxyl radical 
oxygen into the products. Evidence for the existence 
of the hematin-radieal (FeOH) has been reported by 
George (1) in hemoglobin-H202 systems. 

Summary 

A study has been made of the initial and secondary 
products resulting from the hematin catalyzed decom- 
position of hydroperoxides. The initial product was 
found to be the alkoxy free-radical produced by the 
homolytie cleavage of the 0 -OH bond of the hydro- 
peroxide. The system was arranged so that the alk- 
oxy radicals reacted with a hydrogen donor as they 
were formed to produce the corresponding alcohol. 
The alcohol was then identified by standard physical 
and chemical procedures. 

The secondary products resulting from the hematin 
catalyzed decomposition of linoleate hydroperoxide in 
the absence of oxygen were found to be composed 
principally of oxirane, hydroxyl, and carbonyl com- 
pounds. Cleavage of the carbon chain, loss of conju- 
gated double bonds, and polymerization also took place. 
Reactions to account for these products were proposed, 
along with a general mechanism of hematin catalysis. 

R E F E R E N C E S  

1. George, P., in "Advances  in Catalysis,"  voh IV, p. 367, Academic 
:Press, New York (1952) .  

2. t tenick,  A. S., Benca,  M. F ,  and  Mitchell, J .  It. J r 4  J .  Am, Oil 
Chemists' Soc., 31, 88 (1954) .  

3. Hock, I-I., and  Lang,  S., Ber. ,  77, 257 (1944) .  
4. Hohnan,  R. T., and  Greenberg,  S. I., Arch.  Biochem. and  Biophys., 

49, 49 (1954) .  
5. Kharasch,  2~I. S., Fono, A., and  Nudenber~', W., J .  Org. Chem., 

15, 763 (1950) .  
6. Knight ,  It .  B., and  Swern~ Daniel, J .  Am. Oil Chemists'  Soc., 26, 

366 (1949) .  
7. Lundberg ,  W. 0.,  and  Chipault,  J. 1~., J .  Am. Chem. Soc., 69, 

833 (1947) .  
8. Maier, V. F.,  and  Tappel, A. L., J .  Am. Oil Chemists'  Soc., 36, 

8-12  (1959) .  
9. O'Connor,  1~. T., J .  Am. Oil Chemists' Sot., 31, 1 (1956) .  
10. Ogg', C. L., P~)rter, W. L., and Willits, C. 0. ,  Ind .  Eng.  Chem., 

17, 394 (1945) .  
11. Paschke,  R. F., Jackson,  J .  E., and  Wheeler, D. I-I., Ind.  Eng.  

Chem., 44, 1113, (1953) .  
12. Shrove, O. D., I teether,  W. 1~., Knight ,  I{. B., and  Sworn, Daniel, 

Anal.  Chem., 22, 1261 (1950) .  
13. Sworn, Daniel, Findley, T. W., Billen, G. W., and Scanlan,  J .  T., 

Anal.  Chem., 19, 414 (1947) .  
14. Tappel, A. L., Boyer, P. D., and  Lundberg ,  W. 0. ,  J .  Biol. Chem., 

199, 267 (1952) .  
15. Tappel, A. L., Arch.  Bioehem. and Biophys.,  44, 387 (1953) .  
16. Tappel, A. L., J .  Biol. Chem., 217, 721 (1955) .  

[ R e c e i v e d  M a y  12,  1 9 5 8 ]  


