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principal  causes of dispute regarding the color grad- 
ing of cottonseed oils. The Priest-Gibson ( N ' )  scale 
may  now be considered as thoroughly established in 
America.  ' ' 

Hav ing  established the N" scale, which is defi- 
nitely linked to the use of a 35-yellow type, the 
Bureau  of S tandards  and the Electrical  Testing 
I abora to r i e s  set up identical procedures for checking 
glasses submit ted to them for standardization.  The 
s tandardizat ion procedure used is taken as quoted 
f rom "Resea rch  Pape r  RP 653,"  p. 274: " . . .  the 
glass to be tested is compared direct ly under  artificial 
sunlight i l lumination with the s tandard  glass or com- 
bination of s tandard  glasses. The central  portions of 
each are viewed in juxtaposi t ion in the Martens  pho- 
tometer  through the 35¥  glass placed over the ocular. 
A s tandard  glass or combination of s tandard  glasses 
is selected, giving the best possible match in chro- 
maticity.  Since the smallest intervals between the 
s tandard  glasses in use are differences of approxi-  
mately 0.1 of an N" unit, estimates between the 
tenths are made whenever differences of this small 
magni tude can be detected. When a combination of 
two or more s tandard  glasses is necessary to secure 
the match, the glass being tested is combined with a 
corresponding number  of clear glasses so tha t  the 
light i l luminating one-half of the photometr ic  field 
passes through as m a n y  reflecting surfaces as that  
i l luminat ing the other half. Three glasses are the 
max imnm number  ever used in one-half of the pho- 
tometric field. By  thus l imiting the nunlber of stand- 
ard  glasses, errors due to the accumulat ion of small 
errors in the s tandards  are prevented.  Because of 
this l imitat ion and the restricted number  of stand- 
ard  glasses available, it is f requent ly  necessary, in 
order to obtain the N" value for  the glass tested, to 
combine a s tandard  glass with the glass being tested 
and subtract  its N" value f rom that  of the s tandard 
glasses in the other half  of the photometric field. 

" A f t e r  the first decision the glass being tested and 
the s tandards  are interchanged in position and a sec- 
ond decision is made. An average of these two read- 
ings is recorded as one determination.  The final 

grade of each glass tested is based upon at least two 
separate  determinat ions embodying two different com- 
binations of standards.  To increase the reliabil i ty of 
the average grade, a th i rd  or four th  combination of 
s tandard  glasses is occasionally used, especially when 
the glass tested is of nominal  grade greater  than  10.0 
Lovibond un i t s . "  

The Electrical  Testing Laboratories  make compari-  
sons against  Bureau  of S tandards  glasses set No. 
74170, which was calibrated by the Bureau.  Since pro- 
cedures for  the s tandardizat ion of Lovibond glasses 
were established in 1934 and 1935, many  such sets 
have been s tandardized for industr ial  firms. I t  is 
expected that  numerous other sets have been cali- 
bra ted visually against  these standards.  Accordingly 
it is expected that  the Color Committee will recom- 
mend that  A.O.C.S. Official Method Cc 13b-45 be 
amended to read as follows: 

3. Color Glasses 
Color glasses calibrated to conform to National  
Bureau  of S tandards  N" Scale. Glasses may  be 
calibrated by the Electrical Testing Laborato-  
ries or may  be calibrated by comparison against  
a s tandard  set calibrated by the Electrical  
Testing Laboratories  or National  Bureau  of 
Standards.  

The proposed change in the A.O.C.S. Method, if  
adopted, will not change anyth ing  now being done 
but will bring the method into accord with the facts. 
Many laboratories now using uncal ibrated glasses 
will be enabled to obtain proper  calibration, and a 
greater  un i fo rmi ty  of results between laboratories 
should be achieved. 

Af te r  reviewing the work conlpleted by the Bureau  
of S tandards  on the calibration of Lovibond glasses 
and the l i terature  concerning the s tandardizat ion of 
new glasses, the committee feels that  no addit ional 
changes in the method of calibration should be made. 

R. C. STm~,MAN, chairman 
Color Committee 

[ R e c e i v e d  N o v e m b e r  12, 1 9 5 7 ]  

Brown-Colored Oxypolymers of Unsaturated Fats 
A. W. VENOLIA and A. k. TAPPEL, Fish and Wildlife Service and 
University of California, Davis, California 

B 
ROWN OR YELLOW lipide polymers  or eopolymers 
have been characterist ically associated with both 
pathological in vivo oxidation of unsa tura ted  

fats  and the advanced stages of oxidative fa t  rancidi ty  
in food products.  In  the yellow fa t  disease of vi tamin 
E-deficient mink (14), rats  (16), cats (3), chickens 
(4),  pigs (7, 18), and fish (22) these yellow-brown 
polymers are formed in the adipose tissue. Similar 
yellow-brown polymers have been found in human  
atherosclerosis (9), where they appear  related to 
pathological, unsa tura ted  lipide oxidation (8). These 
polymers are similar to those named " c e r o i d , "  which 
are associated with choline deficiency (2). In  the 
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rust ing of fish (19) and the yellowing of bacon (5) 
dur ing ref r igera ted  and frozen storage the color de- 
velopment follows unsa tura ted  fa t  oxidation and is 
associated with rancidity.  

These na tura l ly  occurring oxypolymerizations of 
unsa tura ted  lipides proceed ill the presence of pro- 
reins. Fur the rmore  it has been demonstra ted that  
proteins, especially hemoglobin, accelerate polymer  
format ion (2, 10, 21). Also these proteins either 
copolymerize with the oxypolymerizing lipide or be- 
come occluded in it. I f  the yellow-brown polymers  
are, in fact, copolymers containing protein, then the 
mechanism is probably  active earbonyl-amine brown- 
ing (11, 21). By  the active carbonyl-amine browning 
mechanism the earbonyls formed by decomposition of 
lipide peroxides could react with the amino groups of 
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the proteins, and brown-colored copolyiners would be 
the expected product.  

I t  was the purpose of this s tudy to determine if 
active earbonyl-amine browning is a dominant  mech- 
anism in the format ion of brown oxypolymers similar 
to those found in nature.  

Experimental 
The format ion of brown polymers  was studied in 

emulston systems similar to those studied previously 
(21) and consisting of 3 ml. of unsa tura ted  lipide 
and 10 ml. of aqueous dispersion of protein. 

The lat ter  was p repared  by dispersing one gram of 
protein or aeetylated protein in 10 ml. of 0.1 M phos- 
phate  buffer of p H  7.0. There were two exceptions 
to this procedure:  a) in the case of the sulfite emul- 
sion and its control 0.2 inl. o f  polyoxyethylene lauryl  
alcohol (Bri j  30, Atlas  Powder Company)  was added 
to each 10-ml. port ion of buffer to compensate for 
emulsion instabil i ty in the presence of sulfite, b) in 
the ease of sodium alginate emulsions the one g ram of 
protein was replaced by 0.2 g. of Kelcosol (Keteo 
Company,  San Diego, Calif.) per  10 ml. of buffer. 
Af te r  incorporat ion of 3 ml. of menhaden oil the mix- 
ture was passed three times through a hand-operated 
homogenizer;  the single exception to this occurred in 
the ease of the egg albumin-menhaden oil emulsion 
used for  s tudying the t empera ture  dependence of the 
rate of brown-color development when 0.3 ml. of oil 
was used in place of the customary 3 ml. Antioxidants  
and pro-oxidants were introduced into the emulsions 
by means of the buffer or the oil as their  solubilities 
indicated. 

Hemoglobin was p repared  f rom fresh cattle blood. 
Defibrination was followed by three washings with 
saline. Af te r  laking with distilled water,  s t romata 
were removed and the solution was lyophilized. 

Powdered egg albumin was purchased f rom the 
Nutr i t ional  Biochemieals Corporation. Acetylation of 
this mater ia l  was carr ied out according to the proce- 
dure of Praenkel -Conrat  (6). 

The menhaden oil and herr ing oil (Fishery  Tech- 
nological Laboratory,  Seattle, Wash.)  had saponifica- 
tion equivalents of 190 and 185 and iodine numbers 
of 187 and 138, respectively. 

The emulsions were kept in 9-era. Petri  dishes 
dur ing storage at constant t empera ture  and dur ing 
reflectance measurements.  Dur ing  this storage the 
emulsions were exposed to atmospheres saturated 
with water  vapor  so that  evaporat ive losses were 
minimized. 

Dur ing  the time the emulsions were developing 
brown color, reflectance measurements  were made 
with a filter t r is t imulus  eolorimeter, the Colormaster 
Differential  Colorimeter (Manufac turers  Engineer ing 
and Equ ipment  Corporation, Hatboro,  Pa.) .  Petr i  
dishes were placed over a reflectance port  so that  the 
ins t rument  viewed the emulsion surface lying against  
the bottom of the Petr i  dish. Black shieiding served 
to obviate spuriou s reflectance and s t ray  light effects. 
Standardized white tiles were used as a reference 
s tandard  throughout  ali determinations. The possi- 
bili ty of serious interference with measurement  of the 
reflectance of an emulsion because of reflection by 
the Petr i  dish itself was ruled out by  measurements  
made before the emulsion was added to the dishes. 

The reflectance readings for the samples of emul- 
sions were obtained successively through each of the 

three filters; these readings have a simple relation- 
ship to C.I.E. t r is t imulus values. ~ ' rom these read- 
ings the total  color difference, A E, was calculated. 
The magni tude of A E values is expressed in National 
Bureau of S tandards  units  ; the la t ter  is a measure of 
distance within uni form color space. I n  all our ex- 
periments  /~ E represents  the deviation of the color 
of an emulsion f rom its initial color. 

For  studies of active carbonyl-aInine condensation 
reaction dur ing the initial oxidation of the menhaden 
oil-water emulsion, the reaction system consisted of 
1 ml. of menhaden oil and 3 ml. of 0.02 M phenyl- 
acetic acid or phenylalanine,  which was rapidly  
shaken in a W a r b u r g  vessel in a 50°C.-bath. Unre- 
acted phenylaeetie acid and phenylalanine were ex- 
t racted with water  and determined by their  spectral 
absorbanee in the 260 lnu region. 

Results and Discussion 
Pre l iminary  experiments  involved visual compari- 

son of colors, using a set of reference s tandards  of 
Maerz and Paul  (13). Although the use of the Color- 
master  permits  much more objective study, certain 
effects were sufficiently pronounced in these prelimi- 
na ry  investigations to jus t i fy  their presentat ion here. 

The format ion  of brown color in emulsions of men- 
haden and herr ing oils with aqueous dispersions of 
egg albumin, laetalbumin, and blood fibrin was stud- 
ied at p H  values covering the range 4 to 10. 

That  the format ion of brown color was Inost rapid 
in menhaden einulsions is consistent with the greater  
unsa tura t ion  of this oil and shows the importance of 
unsa tura ted  lipide oxidation. 

The egg albumin emulsions were most stable and 
formed brown color fastest ;  blood fibrin yielded the 
most unstable emulsions and formed brown color the 
slowest; and the behavior of the lactalbumin emul- 
sions was intermediate in both respects. In all eases 
the rate  of format ion of brown color was a function 
of increase in pt t .  These observations would be con- 
sistent with both of the postulated reaction ineehan- 
isms of oxypolymerizat ion of lipide, especially if it 
involved base-catalyzed carbonyl condensations, and 
of carbonyl-anfine browning. 

Effect of Temperature Upon the Rate of Formation 
of Brown Color. Over the tempera ture  interval  of 
20-55°C. emulsions of menhaden oil displayed a 
progressive increase of browning rate  with rising 
temperature .  Reflectance measurements per formed on 
these emulsions yielded z~ E values that  were plotted 
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FIG. 1. The effect of temperature upon the rate of formation 
of brown color: A. sodium alginate and menhaden oil; B. egg 
albumin and menhaden oil. 
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TABLE I 
Apparent Activation Energies 

System 

Active carbonyl-amine browning 
Casein-glucose ................................ 
Bovine serum albumin-glucose ...... 

Unsaturated lipide oxidation 
Alkali Iinoleate-linolMc acid ........... 
Ethyl linoleate. ............................... 
Methyl linoleate .............................. 

Emulsions, this investigation 
Egg albumin-menhaden oil ............ 
Sodium alginate-menhaden oil ....... 

Activa- 
tion 

energy 

K caL/ 
g. moIw 

29.0 
30.3 

15.2 
17.2 
16.2 

19.7 
12.8 

Method Refer- 
ence 

Free amino N 12 
Color 15 

Oe Upt;ake 12 
02 Uptake 1 
02 Uptake 17 

Color .... 
Color .... 

versus time to give curves whose initial slopes are 
represented by the points appear ing  in F i g u r e  1. 
Activation energies corresponding to these Arrhenius  
plots are given in Table [ together with some values 
taken f rom the l i terature for comparison. 

In  the emulsion system consisting of sodium algi- 
nate and menhaden oil the only known mechanism 
for the format ion of brown color is the oxypolymeri-  
zation of the menhaden oil. The alginate Was chosen 
as an inert  polymer which gave an emulsion of physi- 
cal propert ies  similar to those p repared  with proteins 
like egg albumin. The activation energy of 12.8 kg. 
cal./mole for  this oxypolymerizat ion of menhaden oil 
is lower than the available l i terature  values for un- 
saturated lipide autoxidations. 

In  the emulsion system consisting of aqueous egg 
albumin and  menhaden oil either of the two well- 
known mechanisms, oxypolymerizat ion of the lipide 
or active carbonyl-amine browning, may lead to the 
formation of brown color. I f  oxypolymerizat ion of 
the lipide is the dominant  mechanism, then an activa- 
tion energy similar to those for unsa tura ted  lipide 
oxidation and the oxypolymerizat ion of menhaden 
oil-alginate emulsions would be expected. I f  active 
earbonyl-amine browning were the dominant  mechan- 
ism, then the characterist ically high activation energy 
of about 30 kg. cal./mole would be expected. The ex- 
perimental  value of 19.7 kg. cal. /mole indicates that  
active carbonyl-amine browning is not the dominant  
mechanism. This activation energy is of magni tude 
similar to those for unsa tura ted  lipide oxidation and 
the oxypolymerizat ion of menhaden oil-alginate emul- 
sions and therefore cannot be cited as evidence against  
,*hese mechanisms. 

Effect of Emulsion Composition, Catalysts, and In- 
hibitors Upon the Rate of Formation of Brown Color. 
in t roduct ion of varions reagents into the menhaden 
oil emulsions results in measurably  different initial 
colors. In  order to compensate for these differences 
use is made of the devia t io ,  ratio 

R ~ A E / A E  ..... 

where A E  ....  represents the distance, in Bureau of 
S tandards  units, between the original emulsion color 
and pure black. The extreme values obtained for 
A E ..... were 76.3 (cupric ion) and 85.4 (butyla ted 
hydroxy toluene).  

Control emulsions did not behave identically on 
account of the influence of a number  of variables, e.g., 
time elapsed between color measurements  and changes 
that  were made in emulsion composition. Thus, in 
order to obtain a basis for comparison, all kinetic 
data have been :plotted in terms of the deviation ratio 
difference R-Rc, where R is the ratio for a specified 
emulsion and R~ the ratio for its control. By arbi- 
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FIG. 2. The  ef fec t  of  e m u l s i o n  c o m p o s i t i o n ,  c a t a l y s t s ,  a n d  
i n h i b i t o r s  u p o n  the  r a t e  of  f o r m a t i o n  of  b r o w n  co lo r :  A .  a ce ty -  
l a t e d  e g g  a l b u m i n ;  B.  s o d i u m  b i s u l f i t e  (13 r a g . ) ;  C. con t ro l ,  
m e n h a d e n  o i l - egg  a l b u m i n  e m u l s i o n s  i n  a i r ;  D. n o r d i h y d r o -  
g u a i a r e t i e  a c i d  (50  m g . ) ;  E .  h e m o g l o b i n  ( ]  m g . ) ;  F .  c u p r i c  
c h l o r i d e  (13  r a g . ) ;  G. h e m o g l o b i n  (5 m g . ) ;  H.  o x y g e n ;  I .  san-  
~oquin ( 1 , 2 - d i h y d r o - 2 , 2 , 4 - t r i m e t h y l - 6 - e t h o x y q u i n o l i n e  (50  m g . ) ;  
a n d  J .  b u t y l a t e d  h y d r o x y t o l u e n e  (50  m g . ) .  

t rar i ly  equating the behavior of all control emulsions, 
as has been done in F igure  2, the effects of various 
t rea tments  can be compared. 

I f  the initial rates of format ion of brown color are 
considered, it is observed that  two gross effects are 
produced by al tering the composition of the emul- 
sions. I f  acetylated egg albumin is used to replace 
the unacetylated material  or i f  sulfite ion is added to 
an otherwise unal tered emulsion, the browning rate  
is increased with respect to the controls. Upon ad- 
dition of either of two classes of substances, viz., 
nnsaturated lipide ant ioxidant  or unsa tura ted  lipide 
pro-oxidant ,  the rate of format ion  of brown color 
is diminished with respect to that  of the control 
enlulsions. 

I t  is of interest to note that  the decrease of the 
rate under  pro-oxidative conditions received addi- 
tional confirmation f rom the observation that  the top 
surfaces of the emulsions were less colored than the 
bottom surfaces whenever oxidation was promoted as 
ill the use of henloglobin cupric ion, or pure  oxygen 
atmospheres. 

To reconcile all of these observations it appears  
most reasonable to postulate the following systems of 
reactions, which to some extent compete with each 
other for reactants  or reaction intermediates:  a) rela- 
tively rapid, unsa tura ted  lipide oxidation, b) com- 
para t ive ly  slow, unsa tura ted  lipide oxypolymeriza- 
tion, e) active carbonyl-amine browning. 

Conditions augment ing  the oxidation of an emul- 
sion at a given tempera ture  favor  reaction a) ,  which 
leads to a more l ightly colored emulsion. The rate 
of lipide oxidation was increased by the replacement 
of air by pure  oxygen and by  the use of cupric ion 
and hemoglobin as catalysts. 

The inhibition of active earbonyl-amine browning 
was achieved by aeetylation of the egg albumin to 
make amino groups unavailable for browning or 
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by introduction of Slflfite ion, which makes active 
carbonyl groups unavailable for browning. In  the 
absence of added pro-oxidative conditions this inhibi- 
tion of active carbonyl-amine browning apparently 
favors reaction b), leading to the production of 
more intensely colored polymer. Because the rates 
of formation of brown color were not inhibited when 
active earbonyl-amine browning was inhibited, this 
reaction c) Gould not be the compulsory or dominant 
mechanism. 

Antioxidants retard reactions b) and a) and may 
be expected to impede reaction c) to some extent, 
resulting in extremely slow development of color. 

Exclusion of oxygen by substituting nitrogen for 
air produced an effect indistinguishable from the use 
of antioxidants. 

Non-reactivity of an Amino Acid in Oxidizing 
Menhaden Oil Emulsion. A sensitive test for active 
earbonyl-amine condensation was the determination 
of the reactivity of an amino acid when in the actively 
oxidizing menhaden emulsion. Because of the ease of 
spectrophotometric analysis, phenylalanine was used 
as the test amino acid and phenylaeetie acid was used 
as a control. The control, phenylaeetic acid, similar 
in structure to phenylalanine but lacking an amino 
group, was used to correct for nonspecific losses of 
the amino acid in this reaction system. 

After  two hours the menhaden oil emulsion ab- 
sorbed about 1.3 ml. of oxygen and 82% of the 
phenylalaninc and 72% of the phenylacetic acid were 
recovered. There is no significant difference between 
the amino acid and the control, showing the absence 
of active carbonyl-amine condensation reaction during 
the initial oxidation of menhaden oil. 

By these three types of studies: activation energy 
for the formation of brown color, inhibition analysis 
of the reaction mechanism leading to the forlnation 
of brown color, and measure of amino acid reaction 
during the oxidation, there is evidence, against ac- 
tive carbonyl-amine browning" as a dominant reaction 
mechanism for the formation of brown-colored oxy- 
polymers. Because of the limitations in these meth- 
ods it is not possible to exclude active carbonyl-amine 
browning as a minor reaction mechanism or to quan- 
titate any minor role that this reaction mechanism 
may play in the formation of these brown-colored 
oxypolymers. 

Summary 

The oxypolymerization of unsaturated fat in the 
presence of protein and amino acid was. studied to 
determine whether the active earbonyl-amine-brown- 
ing reaction is a dominant mechanism for the forma- 
tion of brown-colored polymers. A highly reactive 
system of menhaden oil-aqueous egg albumin emul- 
sion was studied in greatest detail. Three types of 
studies: activation energy of formation of brown 
color, inhibition analysis of the mechanism leading 
to formation of brown color, and measures of amino 
acid reaction in the oxidizing unsaturated fats, all 
gave evidence that  active carbonyl-amine browning 
was not a dominant mechanism. 
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Report of the 
~ A MEETING of the Uniform Methods Committee 

in the Netherland-Hilton hotel on September 
30, 1957, the following proposed Methods and 

method revisions were discussed and the indicated 
actions were taken. The meeting was attended by 
five members of the Uniform Methods Committee; 
only Messrs. Houle and King were absent. 

Uniform Methods Committee 1956-57 

Spectroscopy Committee, R. T. O'Connor, chairman 
Polyunsaturated Acids, Tentative Method Cd 7-48 

a) Several minor changes in equations under ~'Calculations" 
are recommended. In a number of cases these involve 
nomenclature only; in others small changes are made in the 
constants employed. 

b) The Spectroscopy Committee feels that this method, which 
has been held as "Tentative" for nearly 10 years, now has 
attained a rather permanent form within its defined scope. 
No further work on it is planned in the immediate future. 

I t s  a d v a n c e m e n t  f r o m  T e n t a t i v e  to Official s t a t u s  is rec- 
o m m e n d e d .  

The Uniform Methods Committee concurs with 
these recomnlendations and has approved them for 
action by the Society. 

Soap and Synthetic Detergent Analyses Committee, 
J. C. Harris, chairman 

Determination of Copper Subcommittee, E. W. Blank, chairman 
As a result of several years of study of the subject, 

a spectrophotometric method for trace amounts of 
"Copper  in Soaps and Soap P roduc t s "  is recom- 
mended for adoption as a Tentative Method. The 
Uniform Methods Committee approves this recom- 
mendation with the addition of the following sentence 
at tbe end of "Appara tus .  A - I " -  


