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The catalytic activity of the heine compounds on lipid oxi- 
dation in muscle tissues has been reviewed. Evidence from 
experiments found in the literature, and unpublished studies i1~ 
this laboratory on meats and fishery products, lead to the con- 
clusion that the ferric heine compounds initiate lipid oxidation, 
while the ferrous heine compounds are inactive in the absence 
of pre2orrned peroxides. The latter are decomposed by both 
types of heine compounds, but by a different mechanism. 

A comprehensive mechanism of the different catalytic activi- 
ties of the various heine compounds has been presented, based 
on both experimental evidence and theoretical considerations. 

T HE M E C H A N I S M  of the autoxidation of the unsatu- 
rated fa t ty  acids was elucidated by Bolland (8) 
and Farmer  (18,19). According to this mech- 

anism, fat oxidation is initiated by the removal of 
hydrogen from a labile methylene group in the mole- 
cule of the unsaturated fa t ty  acid. A free radical is 
thus formed to which oxygen is attached to form a 
peroxyl radical, which subsequently abstracts a hy- 
drogen from a nearby labile site of another unsatu- 
rated fa t ty  acid molecule to form a hydroperoxide 
and propagate the chain reaction. The hydroperoxides 
thus formed may decompose ?delding free radicals 
which can initiate new reaction chains. 

The eatalysis of fat  oxidation by heme compounds 
was first observed by Robinson (54). a Oxyhemoglo- 
bin, methemoglobin, and heroin were added to lin- 
seed oil and the oxygen consumption was followed 
manometrieally. Robinson concluded that the tara- 
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~ A M E  CO~IPOSITION 

tteme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Iron-porphyrln coordination corn- 
Flex 

tIemin, Hematin ...................... Ferriheme (acidic and basic re- 
spectively) 

:Perrohemochrome .................... Ferroheme with 2 nitrogen bases 
:Ferrihemichrome . . . . . . . . . . . . . . . . . . . . .  Ferriheme ~dth 2 nitrogen bases 
Hemo(myo) globin .................. Ferroheme, native globin and 1 tool 

of water 
Oxyhemo (myo) globin ............. Ferroheme, native globin and 1 tool 

of oxygen 
Methemo (myo) globin ............. Ferriheme, native globin and I tool 

of water 
Ferrohemo (myo) chromogen..Ferroheme, denatured globin, or 

one coordination bond with glo- 
bin and the other with some ni- 
trogen base 

Ferrihemi(myo)chromogen...Ferriheme, denatured globin, or 
one coordination bond with glo- 
bin and the other with some ni- 
trogen base 

Methemi(myo)ehromogen ...... Ferriheme, denatured globin and 1 
tool of water 

lytic activity should be attr ibuted to the complexed 
iron and not to the oxygen released by oxyhemoglobin. 

Wright,  Conant, e t  a l .  ~85) have studied the cata- 
lytic effect of potassium ferrieyanide on oleic acid. 
Because of the production of ferrocyanide upon oxi- 
dation of the fa t ty  acid, they concluded that the iron 
is reduced dur ing the oxidation. 

Barron and Lyman (7) added ferrihemiehrmne to 
linseed oil and oleic acid and they observed formation 
of ferrohemochrome upon oxidation of the substrates. 
They have postulated that the iron of the hemichrome 
is reduced during fat oxidation and it is reoxidized by 
atmospheric oxygen. They fur ther  suggested that the 
function of the catalyst is to facilitate the formation 
of initial centers for development of chain reactions. 

The decomposition of organic hydroperoxides by 
iron or metal coordination compounds has been ex- 
tensively studied by many researchers and has been 
reviewed by George (21), Lefller (37), Waters (78), 
Weiss (84), and others. The initial step of the dis- 
cussed mechanism is the donation of an electron by 
iron I I  to the hydroperoxide. I ron is thus oxidized 
to the iron I I I  state, to be later reduced to iron I I  
by the decomposition products of the hydroperoxides. 
This agrees with Weiss '  explanation of the catalytic 
activity of the i ron-porphyrin enzyme eatalase on 
hydrogen peroxide (82), as well as with the mech- 
anism of the catalytic deeomposition of hydrogen per- 
oxide by different metals (83). The decomposition of 
peroxides may be also catalyzed by methemoglobin 
(17,23,24,34,35,51,52). In  this case the electron do- 
nated to the peroxide is derived probably from the 
porphyr in  ring. This mechanism will be discussed in 
detail later. 

Maier and Tappel (43,44) have demonstrated that 
the decomposition of hydroperoxides from fa t ty  acids 
is catalyzed by heine compounds. Tappcl ' s  postulated 
mechanism for heine compounds Catalysis of fat oxi- 
dation is based entirely on peroxide decomposition 
(59-63,67,68). I f  tiffs were the only mechanism in- 
volved, then heine compounds should not initiate fat 
oxidation in the absence of hydroperoxides. I n  the 
presence of peroxides, on the other hand, the ferrous 
heroes should catalyze as readily as the ferric heroes. 

Younathan and Watts  (76) have shown experi- 
mentally that the cooking of meats, which converts 
the ferrous pigments to ferrimyochromogens (66,71) 
sets off a rapid oxidation of tissue lipids upon storage 
even in the freezer. According to the same workers 
(88) nitric oxide nlyochromogen of cured meats is in- 
active as a catalyst of fat oxidation. Tarladgis e t  a l .  

(69) have also shown that the ferromyochronmgen of 
irradiated meats is much less active as a catalyst of 
fat  oxidation than the metmyochromogen of cooked 
meats. 

Extensive experimental evidence obtained with meat 
and fishery products (20) treated various ways and 
assayed by the peroxide and the 2-thiobarbituric acid 
test (70) give strong evidence that  lipicl Oxidation 
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is actually initiated by the ferr ic  heine compounds of 
cooked tissues, as suggested by Younathan and Wat ts  
(87). Jus t  af ter  cooking of meat, both peroxide and 
TBA numbers are extremely low, if not nonexisting. 
Upon storage, however, rancidi ty  increases very  rap- 
idly. This is better  demonstrated with fishery prod- 
ucts by  the marked difference in the increase of oxi- 
dation in the cooked red muscle of fish and that  of 
the white muscle (20). 

When meat is cured by the addition of sodium ni- 
trite, fa t  oxidation is not observed over a long period 
of time. Sodium nitr i te  is an oxidizing agent, oxidiz- 
ing oxymyoglobin to metmyoglobin, while nitr i te is 
reduced to nitric oxide. Yet although an oxidizing 
agent is added to the meat, the pigment is ul t imately 
converted into the ferrous form upon cooking and no 
fat  oxidation is observed (20,87). When imidazole is 
added to cooked meats, which converts the pigment 
f rom the ionic to the covalent form (71), again fat  
oxidation is not observed (81). 

I t  becomes therefore apparent  that  the catalytic 
activity of the heme compounds on fat  oxidation is 
closely related to the valence of iron in their coor- 
dination complexes. I t  is still not clear however 
whether  the oxidized or reduced form of the iron in 
an i ron-porphyrin coordination complex, or both, is 
the active catalytic form;  whether either form, or 
both, can initiate fa t  oxidation or be active only in 
the presence of hydroperoxides and the reasons for 
such catalytic behavior. 

Theoretical Considerations. The critical stages of 
the already discussed unsatura ted  fa t ty  acid oxida- 
tion are the initial removal of an electron from a 
labile site of the molecule and the decomposition of 
the hydroperoxides, the products  of which carry  on 
the initiation of new reaction chains. According to 
the accepted mechanisms, the decomposition of the 
hydroperoxides requires either some form of energy, 
or the donation of an electron in order to take place. 
These are, therefore, the only two stages of the un- 
saturated f a t ty  acids oxidation in which a catalyst 
could accelerate the chain reaction, by a reversible 
acceptance and donation of electrons to the fa t ty  acid 
and the hydroperoxides.  

The oxidation-reduction potentials of the heine com- 
pounds have been extensively studied by Barron (3-  
6), Conant (12,13), and others (31,39,73-75). These 
studies show very  clearly that  the coordinated iron 
of the various heine compounds can be reversibly oxi- 
dized and reduced. The heine compounds are, there- 
fore, ideally suited for  the role as catalysts of the 
unsatura ted fa t ty  acid oxidation. I t  still remains to 
be resolved whether the ferric or the ferrous form, 
or both, can initiate fa t  oxidation or accelerate the 
decomposition of hydroperoxides,  as well as the rea- 
son of such catalytic activity. 

When an electron is removed from the labile meth- 
ylene group either between two double bonds of a 
highly unsatura ted f a t ty  acid or adjacent to the single 
double bond of oleie acid (47,57), a free radical is 
formed. The formation of a free radical involves the 
uncoupling of the spins of the two electrons which 
form the covalent bond between carbon and hydrogen. 
Thus a biradical is formed (38). In  quantum me- 
chanical terms, this is a transit ion between states of 
different mult ipl ici ty and it is a " f o r b i d d e n "  one, 
under  ordinary  circumstances (16,38). This quantum 
mechanical interdiction can be lifted however in the 

presence of a magnetic field (38,50). Hence such a 
field should accelerate any reaction invohdng change 
in multiplicity, in other words, the formation of a free 
radical (16,38). 

Compounds creating an intense magnetic field are 
the paramagnetic compounds, due to the presence 
of their unpaired electrons (16,22,27,37,38,50,58,78). 
They are therefore effective catalysts for  free radi- 
cal formation as it has been demonstrated (38,78,84). 

The Heine Compounds. The electronic configura- 
tion of the iron in the heme compounds has been eluci- 
dated by Paul ing and co-workers (14,15,48,49,72). 
This is as follows: 

OI%BITALS 

3d 4s 4p 4d 
Oxyhemo (myo)- 

globin . . . . . . . . . . . . . . . .  "" 
Herod (myo) globin . . . . . . . . . . . . . . . . . .  
Methemo (myo)- 

globin . . . . . . . . . . . . . . . . .  

I ron has 26 electrons occupying the different o r  
bitals as follows: 

Feo ls  2 2s 2 2p 6 3s 2 3p 6 3d ~ 4s 2 
Fe~2 ls  2 2s 2 2p 6 3s 2 3p 6 3d 6 
Fe+3 ls  2 2s 2 2p 6 3s 2 3p 6 3d 5 

In the above scheme the electrons occupying the inner 
ls, 2% 2p, 3s, and 3p orbitals of the d2sp 3 or sp3d -~ 
hybr id  i ron-porphyrin coordination complexes are 
omitted for simplification. The formation of the metal 
coordination complexes is discussed in detail by Bailar 
(2), Martell  and Calvin (45), Moeller (46), and oth- 
ers, while the orbital picture is given by Coulson 
(16), Gould (27), Syrkin and Dyatkina (58), and 
many others. 

As can be seen, the coordinated iron in oxyhemo- 
globin is diamagnetic. Such compounds have all their  
orbitals filled with electrons and therefore their spins 
are coupled mutually,  cancelling out their  ma~let ic  
fields. Oxymyoglobin would not be expected there- 
fore, to init iate free radical formation and conse- 
quently fa t  oxidation. I t  can only occur when the 
oxygen occupying one of the ligands in the iron por- 
phyr in  coordination complex is released at low oxygen 
tensions. Then oxymyoglobin is oxidized to metmyo- 
globin, probably by the released oxygen (31), while 
fa t  oxidation is initiated by the parama~le t ie  oxygen 
molecule. 

In  methemoglobin the iron is electron deficient, in 
addition to being paramagnetie.  Its five unpaired 
electrons create a strong magnetic field favoring initi- 
ation of a free radical formation and consequently fat  
oxidation. I t  is fu r ther  thought  tha t  it can Mso accept 
the electron from the hydrogen it removes from the 
unsaturated fa t ty  acid molecule, the ferric ion thus 
being reduced to the ferrous state. The remaining 
proton forms a hydronium ion with water. 

Af te r  the formation of the free radical, fa t  oxida- 
tion proceeds by  the chain reaction mechanism with 
the accumulation of hydroperoxides (8,18,19). The 
lat ter  decompose when an electron is received from 
some electron donating compound according to the 
mechanisms mentioned before (21,37,78,82-84). This 
electron may be donated by a diamagnetic heme com- 
pound as follows: 

t I ( 1 )  
H - C - O O H  + F e I I  > H - C - O - : -  + �9 OH + F e I I I  

I I 
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The hydroxyl  radical formed can attack another 
hydroperoxide:  

I 
H - C - O 0  �9 + H 2 0  

L / Z  
H - C - O O H  + �9 OH (2) 

H - C - O O H  + H..O 

or another labile methylene group: 
[ I 

H - C - H  + �9 OH ) H - C  �9 + H20 (3) 
] I 

The radicals formed from reactions (1) and (2) 
can fur ther  reduce iron I I I  to iron II :  

I I 
H - C - O : -  + F e I I I  ) H - C - O  �9 + F e I I  (4) 

I I 

or interact  with a methylene group: 
i I I , ( 5 )  

H - C - O 0  �9 + H - C - H  ) H - C - O O H  + H - C  �9 
l I I } 

or decompose to a carbonyl and another hydroxyl  
radical: 

, \ 
H - C - O O H  ) C = O + �9 OH (6) 

I / 

I ron I I I  can also be reduced by initiating another 
chain: 

[ T 
H - C - H  + F e I I I  ) H - C  �9 + F e I I  (7) 

I 1 

According to this mechanism, originally proposed 
by Waters  (78) and modified by the author, iron I [  
is oxidized by the hydroperoxides to iron III ,  from 
which state it can be reduced again either by the 
decomposition products of the hydroperoxides or, in 
line with its paramagnetic properties, by attacking 
another labile site on a f a t t y  acid and removing an 
electron. 

Keilin and Har t ree  (34,35) have shown that  the 
decomposition of hydroperoxides can be accomplished 
by methemoglobin also. They have noticed however 
that  upon mixing the reactants a red color appears, 
which they at t r ibuted to a reduction of the iron, 
af ter  which the reaction proceeds rapidly.  George and 
Irvine (22-24) and Polonovski et al. (51,52) have 
postulated that  this reduction of the iron proceeds 
through the formation of a complex between met- 
hemoglobin and hydrogen peroxide or hydroperoxides 
and an intermediate formation of iron IV, which is in 
tu rn  reduced to the iron I I  state by a two electron 
process. 

The formation of this higher oxidation state of iron 
has been achieved eleetrolytically only and at a very 
high pH and not by such mild oxidizing agents as 
hydrogen peroxide and hydroperoxides (36). I t  is 
extremely unstable and by a slight drop of pH oxygen 
is immediately liberated (36). Such an oxidation 
state of the iron therefore would not be expected in 
animal tissues, as Tappel  has suggested (63). 

George and Irvine favor the iron IV scheme over 
the possibility of the removal of an electron from the 
porphyr in  ring, although their evidence for iron IV 
formation is purely  qualitative (23). Recent electron 
paramagnetie resonance studies gave conclusive evi- 
denee that  the electron is removed from the porphyr in  
r ing ra ther  than the iron, when hydrogen peroxide 
reacts with methemoglobin, porphin, and heroin (25). 

The mechanism of the hydroperoxide decomposition 

is now better understood. The electron donated to the 
hydroperoxides is removed from the ~ electron cloud 
of the porphyr in  ring, which can be excited more 
easily than an electron from iron I I I  (33). This 
electron starts the decomposition of the hydroperox- 
ides and iron is reduced to the iron II  state by their 
deconlposition products, thus explaining the red color 
noted by Kcilin and Har t ree  (35) and George and 
Irvine (23). 

Gouterman (28), Longuet-Higgins et al. (41), and 
Seely (56) have used the Linear  Combination of 
Atomic Orbitals method to calculate the Molecular 
Orbitals (LCAO-MO) of several porphins and por- 
phyrins. Their  results show certain areas of the mol- 
ecule with high electron density and others with low. 
The areas with high electron density are localized 
around the nitrogens of the pyrrole r i n ~ ,  which, 
therefore, are susceptible to attack from electrophyl- 
lic reagents, while the areas with the low electron 
density are around the carbon atoms of the methene 
bridges. This par t  of the molecule is more susceptible 
to attack by nmcleophyllie reagents. 

I t  can be therefore hypothesized that  when hy- 
drogen peroxide or hydroperoxides are added to met- 
hemoglobin, a ,r electron is removed from the molec- 
ular orbital of the porphyr in  ring. This leaves an 
unpaired electron behind, which can be detected by 
electron paramagnetic resonance (24). Now the elec- 
t ron cloud of this molecular orbital has a positive 
charge and therefore repulsion forces are created be- 
tween it and the iron ion of the ring, which has a 
partial  positive charge. In the mean time, the dona- 
tion of this electron has decomposed the hydroper-  
oxide. Its decomposition products include such nu- 
cleophyllie species as �9 OH, �9 OeH, etc. (29,84). These 
could attack the carbon atom of the methene bridge 
and opening at this point results (42), which facili- 
tates the dissociation of the iron from the already 
unstable coordination complex. Appearance of green 
pigments, a t t r ibuted to billirubin and billiverdin (39) 
is thus explained. 

Tappel has postulated that the decomposition of 
hydroperoxides is catalyzed by the heine compounds, 
through the intermediate formation of a complex 
(59-63, 67, 68). This complex is formed between the 
",,/ ! 
- F e - O H  group of the " h e m a t i n s "  and the - C - O O H  
/ ' - .  ] 

group of the hydroperoxide.  
The only heme compounds known with an - O H  

group attached to the iron through the 3d~2 coordi- 
nation bond is the alkaline methemoglobin and the 
hematin. The 3d orbital of the ferric ion in these 
compounds is occupied by 3 unpaired electrons (2,14, 
15,27,45,46,48,49,50,58). I t  has been clearly demon- 
strated that hematin is not the only heine compound 
catalyzing the oxidation of the unsaturated fa t ty  
acids (7,20,43,44,54.59-63,67,68,71,76,85,87,88). The 
electronic configuration and structure of all heme 
compounds is equally clear, as already discussed. 
Catalysis of fa t  oxidation by them, through the postu- 
lated complex formation implies replacement of the 
various ligands occupying the 3d~2 coordination bond 
with the iron in the different heine compounds by 
the - O t t  group, which does not  seem possible at the 
pH of the meat and in absence of alkali. 

Formation of unstable intermediate conlplexes with 
metal chelate compounds could be achieved through 
the use of a higher energy orbital of th-  coordinated 
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metal. In the case of the heme compounds however 
this has not been demonstrated. 

Acceptance of an electron by any other orbital of 
the iron of the heine compounds besides the 3d orbital, 
implies the use of a higher energy 5s or 4d orbital. 
The 5s orbital can not be used, being spherical, non- 
directional, and its approach being hindered by the 
other directional orbitals of the atom (16). 

The use of a 4d orbital requires a large amount of 
energy which will not be compensated by the forma- 
tion of a stronger bond (16,45). Furthermore, if an 
electron is accepted by either one of these two orbitals, 
the very stable octahedral coordination complex has 
to be altered into one of the following unstable con- 
figurations, in order to accommodate this extra elec- 
tron (2,45,46) : 

a) Triagonal prism, with hybrid states d%p e, ddp 3, 
dSp 2 or 

b) Oetahedron, with hybrid states d5sp, d3sp 3 or 
c) Pentagonal bipyramid, with hybrid states sp3d 3. 

Existence or synthesis of the above iron-porphyrin 
coordination complexes has never been demonstrated 
(2,27,28,45,46). 

Furthermore, formation of an unstable heme com- 
pound coordination complex with a coordination 
number of 7 has been suggested by Brdicka (9) and 
Clark (11), but has not been confirmed (2,27,28,32, 
40,45,46,53,86). 

The iron in hemoglobin is paramagnetic but since 
it is in the reduced form it cannot accept an electron, 
as explained above. Therefore it would not be ex- 
pected to initiate a fast fat oxidation in absence of 
preformed hydroperoxides. Furthermore hemoglobin 
or myoglobin exists in tissues at very low oxygen 
tensions (1,26,79). When oxygen becomes available 
these compounds rearrange to diamagnetic oxy-com- 
pounds or they are oxidized to the respective ferric 
forms. They are expected however to donate an elec- 
tron for the decomposition of hydroperoxides as above. 

Denatured Heine Compounds. Barron (3-6) and 
others (31,39,73-75) have shown that the oxidation-re- 
duction potential of the coupled hemo-hemi-chromogen 
system is higher than that of the respective oxy-met- 
hemoglobin coupled system. Therefore the denatured 
heine compounds are even better oxidation-reduction 
catalysts than the respective native hemes. 

Tappel (66) has identified the heine compounds of 
cooked meats as a mixed denatured globin-nieotin- 
amide hemichrome. Such a compound would be ex- 
pected to have only a single unpaired electron in the 
3d orbital of its coordinated iron, being analogous to 
the ferrihemichromogen of which the magnetic sus- 
ceptibility has been measured by Pauling (48,49). 
Although the magnetic properties of cooked meat pig- 
ment have not been measured, spectroscopic evidence 
to be discussed in detail in a later publication (71) 
leads to the conclusion that this compound is in fact 
an ionic, outer, paramagnetic, ferric-porphyrin coor- 
dination complex, analogous to methemoglobin and 
having 4-5 unpaired electrons. 

The pigments of cured meats are generally consid- 
ered to be ferrohemochromogens (64,80). Recent spec- 
troscopic studies identify the pigment of cured meats 
as an tuner, covalent, diamagnetic, ferrous-porphyrin 
coordination complex (71). Irradiation also brings 
about at ]east partial reduction of the ferric pigment 
of the cooked meats to ferrohemochromogens (65). 

The pigments of the cured and irradiated meats are 
not expected therefore to initiate fat oxidation in the 
absence of preformed peroxides. 

In cooked meats the catalytic process may be as- 
sumed to take place through a reversible exchange of 
electrons between the iron of the heine compounds 
and the lipids or hydroperoxides. Donation or ac- 
ceptance of electrons does not take place through 
abnormal intermediates (9,11,23,24,51,52,61,63), but 
through oriented water molecule bridges (32,40,53) 
or diffusion through the coordination ligands (86). 
Eventual ring destruction (30) and dissociation of 
the iron from the coordination complex follows elec- 
trophyllic and nucleophyllie attacks on the ~r electron 
cloud of the porphyrin ring system, at the places of 
higher and lower electron density, respectively (28,41, 
56). Evolution of carbon monoxide derived from open- 
ing at the methene bridge carbon, upon oxidation of 
hemochromogens, has been demonstrated (42). 

As shown by experimental evidence, lipid oxidation 
is considerably delayed in cured meats (79,80,87). 
When lipid oxidation eventually does begin, it is ac- 
companied by pignlent fading and destruction (30). 
Pigment changes may be attributed to oxidation of 
iron II of the nitric oxide myochrome to the iron I I I  
state and by the donation of an electron for the de- 
composition of preformed peroxides, while nitric oxide 
dissociates from the complex. As decomposition prod- 
ucts of the hydroperoxides accumulate, attacks on the 
ring result in the removal of a = electron and opening 
at the methene bridge, with subsequent appearance of 
green or gray colors. 

Pigment fading of cured meats may also precede 
lipid oxidation. Walsh and Rose (77) have shown that 
fading of nitric oxide hemoglobin does not go through 
hemoglobin, but directly to methemoglobin. As a 
result to this effect, lipid oxidation is then initiated 
as previously described by the metmyochromogen to 
which nitric oxide ferromyochrome is converted by 
the absorption of light (71). 

It is therefore to be expected that treatment of meats 
~dth antioxidants, in order to inhibit lipid oxidation, 
will affect their color indirectly. On the other hand, 
color changes induced by light, curing, cooking, and 
radiation will directly affect lipid oxidation. 
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The Determination of Residual Alcohol in Defatted 

Alcohol Washed Soybean Flakes 
LT. BLACK, LD. KIRK, G.C. MUSTAKAS, Northern Regional Research Laboratory, 1 Peoria, Illinois 

A method is described for determination of residual alcohol 
in soybean flakes washed with aqueous alcohol and desolventized 
to prepare a high-protein food supplement. The amount of 
alcohol removed from the flakes by extraction with acetone is 
determined quantitatively by esterification with phthalie anhy- 
dride. An excess of reagent is required since water present in 
the sample causes a secondary reaction which consumes phthalic 
anhydride. This analysis has been applied to flakes containing 
from 0.2 to 10% of methanol, ethanol, or isopropanol. Accuracy 
of the method was established by adding known amounts of the 
three alcohols to soybean flakes. A relative error of less than 
1% was obtained with a standard derivation of 0.05%. 

D 
ESOLVENTIZING Of h e x a n e - e x t r a c t e d  soybean  flakes 
washed  w i th  aqueous  alcohols  is u n d e r  s t u d y  
for  the  p r o d u c t i o n  of a h i g h - p r o t e i n  food sup-  

p l e m e n t  (1 ) .  
A n  a n a l y t i c a l  me thod  was deve loped  to d e t e r m i n e  

x This is a labora tory  of the Nor thern  Utilization Research and  Devel 
opment  Division, Agr icul tura l  Research Service, U.S. Depar tment  of 
Agricul ture.  

the  r e s i d u a l  a lcohol  con ten t  of these flakes a f t e r  de- 
so lvent iza t ion .  

A m e t h o d  of  d e t e r m i n i n g  the  alcohol  con ten t  ind i -  
r e c t l y  has  been used  a t  th is  l a b o r a t o r y  w i th  alcohol-  
washed  soybean  flakes c o n t a i n i n g  la rge  a moun t s  of 
bo th  a lcohol  a n d  wa te r .  I n  th i s  p r o c e d u r e  t o t a l  vola-  
t i les  a r e  d e t e r m i n e d  by  d r y i n g  the  s amp le  to cons t an t  
weight ,  then  o b t a i n i n g  the w a t e r  con ten t  by  the  K a r l  
F i s c h e r  me thod  (2 ) ,  and  s u b s t r a e t i n g  the  two va lues  
to f ind the  a lcohol ie  con ten t  of the  flakes. The differ-  
enee of the  r e su l t s  ind ica tes  the  a lcohol  con ten t  of the  
flakes. The m e t h o d  p r o v e d  to be i n a c c u r a t e  fo r  flakes 
c o n t a i n i n g  2% alcohol  or  less, b u t  can  be used  for  
e s t i m a t i n g  the  a lcohol  content .  

The  a lcohol  d e t e r m i n a t i o n  as used  b y  the  d i s t i l l i ng  
i n d u s t r y  was also explored .  B y  this  me thod  the  alco- 
hol  is d i s t i l l ed  f rom the  f e r m e n t e d  mashes  as the  w a t e r  
azeot rope .  F r o m  the specific g r a v i t y  of the  d i s t i l l a t e  
the  alcohol  conten t  is ca lcu la ted .  This  me thod  also 


