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All of the other treatments listed in Table IV were 
essentially ineffective in reducing the contents of 
CB-1A by more than 50 to 75%, which may be consid- 
ered negligible. 

Summary 
Results are reported of a series of experitnental 

t reatments of flaked castor bean meats and poInaces 
directed toward total detoxifieation of the ricin and 
total destruction <lr inactivation (if the allergenic 
proper ty .  

The treatments con~prised cooking of the flaked 
raw meats or ponlaees till(tar various eon<litions of 
moisture and temperature,  with chemicals such as so- 
dium hydroxide,  hydrochh)rie acid, sodium bypo- 
chlorite, formaldehyde,  ammonia, ammonium sulfate, 
ilotassium permanganate,  and urea, mid with selected 
combimttions of these. Also tried were aerobic fer- 
mentatioll, enzynmtic digestion, and simple }leating 
of I)(>lnaces at elevalelt teml)eratnres. 

The five most pr(lnlising deallergelfizati(ln treat- 
meals and the (.orr'espol~ding pereel~tage red/u'tions 
in allergen eontt, l~t as measured by the pre(.ipitin test 
were as follows: (h'y heating of polnace to 401~ 
100%; moist-cooking of flaked meats with 2% NaOH 
and 10% HCHO,  possibly 100%; moist-col)king with 
0.9% HCI and 3% IICIIO, possibly 100'~ ; moist- 
cooking with 2% Na()H at 20 psig. l)ressure, possibly 
100% ; moist-cooking with 1% NaOH, !)8.4(~. For the 
first four t reatments  the Schultz-l)ale test in(tieated 
possible reductillnS of 100, 99.!), 99.9, and 100!/ ,  re- 
spectively, While the latter method is gt, uerally con- 
sidered to be reasonably ac('uratc, filial tests would 
have to be conducted with nalural ly  sensilive human 
subjects. 

The data also showed thai the riein <'omplment can 
be completely detoxified by a nlihl in<list-clicking of 
the flaked meats, either with or withollt a(tde<t alkali. 
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The Formation of Polarographically Reducible Substances m 

Autoxidizing Lard 
E. ]. KUTA o and F. W. QUACKENBUSH, Department of Biochemistry, Purdue University, Lafayette, Indiana 

T 
il E [~IIr A I'PLICATION Of polarography to autoxi- 
dizing fat by Lewis and Quaekenbush (7) served 
to demonstrate that more than one type of "per- 

(lxide" is included in the iodimetrie determination of 
peroxide value. Subsequent studies by Swern et al. 
(12) were made with hydroperoxides and related 
compounds thought  to occur in autoxidizing fats, and 
a method was presented by Willits et al. (13) and 
Rieciuti et al. (9) for  the quanti tat ive determinat ion 
of hydroperoxides  in oleate and linoleate. E~ridenee 
for  distinct nonhydroperoxide type compounds has 
been found by Swern et al. (10) in methyl oleate and 
by Kalbag et al. (4) in soybean oil. In our laboratory 
it was observed that  the addition of ethyl cellulose to 
the solvent great ly  improved polarographie differenti- 
ation of the peroxidic compounds in a fat. 

The present paper  extends the investigation of te- 

l Journal  Paper  No. 1260 of the Purdue University Agricultural Ex- 
periment Station. 

2 P r e s e n t  a d d r e s s :  Genera l  Foods Corporation, Tarrytown,  N. Y. 

ducible atltoxidation products  iu lard and the effects 
of temperature,  pro-oxidants, and antioxidants on 
their  formation. 

Experimental 
Appara tus .  A Sargent  Model X X I  recording po- 

larograph was used with a water-jacketed cell (30 • 
0.2~ which had an internal  inereury pool anode 
with the approximate surface area of 6.6 sq. eIn. The 
capil lary in the solvent system with open circuit 
had a drop time t of 3.80 seconds. The value M was 
1.85 reg./second; therefore m =/a t 1/6 (5) was 1.88 
n l g , 2 / 3  s e e . - 1 / 2 .  

For  the autoxidizing apparatus  a bottomless Erlen- 
meyer flask (1 liter) was ground to fit t ight ly  to a 
heavy glass plate. The sample was placed in a 100-ram. 
Petr i  dish on the plate and a Py rex  gas dispersion 
tube with coarse f r i t ted disc (30 ram. in diameter) 
stoppered into the neck just  above the sample. This 
a p p a r a t u s  was p l a c e d  in a f o r c e d - a i r  oven wi th  
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tempera tures  controlled at • .2~ Air  was forced 
through concentrated sulfuric acid, then through cal- 
cium chloride, and through the gas dispersion tube to 
flow over the surface of the sample at a rate of 50-60 
ml. /minute .  

Materials. The solvent used was an equal-volume 
mixture  of absolute methanol (Baker)  and benzene 
(Merck, thiophene-free) with 0.3 M. l i thium chloride 
and 0.01% ethyl  cellulose (Hercules  Powder  Com- 
pany,  ethoxy content 48.7%, viscosity 42 eps.) and 
was allowed to stand over-night before use. The lith- 
ium chloride was reerystallized from methanol before 
use. Deodorized bleached lard (Swif t  and Company)  
was used in all experiments.  Triple-distil led mercury,  
A. R. grade, was used as the cathode and anode in the 
polarographic (tell assembly. 

In  the autoxidat ion studies commercial compounds 
were used as obtained, except for catechol, which was 
recrystall ized f rom alcohol. The grades and sourees 
were: ascorbic acid, U.S.P., Merck;  DL-~-tocopherol, 
I,r.S.P., Merck;  citric acid, U.S.P., Mall inekrodt  ; phos- 
phoric, acid, 85%, A.R., Mall inckrodt ;  chlorophyll,  
concentrated extract,  Fri tsehe Bros, Inc. ;  and cate- 
ehol, white label, Eastman.  

Procedure. The lard (30 g.) was weighed into the 
Petri  dish and placed in the autoxidizing appara tus .  
At various intervals samples were taken, weighed, and 
analyzed both polarographical ly  and t i t r imetr ical ly  
(1.1). In  the polarographie  procedure 5 ml. of the 
solvent system and a sample ()f autoxidized lard 
(0.05-0.08 g.) were placed in the polarographic  tell, 
and oxygen-free nitrogen was bubbled through the 
solution for 10 rain. ()ue ml. of mercury  was placed 
in the ('.ell, and the nitrogen stream was continue(] 
into the solution for 2 rain., then raised to pass over 
the surface of the solution dur ing  polarography.  All 
polarographie results were eale~ulated on a 1% by 
weight-volume basis (1 g. of antoxidized lard/100 
ml. of solvent).  

Results and Discussion 
When polarograms obtained (m autoxidized lard 

with ethyleellulose present  as a maximum suppressor  
were compared to those obtained by the original I~ewis 
and Quaekenbush proee(lure (5),  it was observed tha t  
the reduction wave at a half-wave potential  of --0.15 
volt was of about the same magni tude but  the large 
reduction wave at a half-wave potential  of --0.7 volt 
was resolved into two waves havin~ half-wave poten- 
tials at --0.68 and --1.10 volts. 

Deodorized bleached lard, (luring autoxidat ion at 
55~ slowly developed a peroxi(le value of approxi-  
mately 300 (F igure  1). Curv('s A, B, and C were 
plotted f rom diffusion current  values obtained by 
polarographing samples at 12 points dur ing the 300- 
hr. autoxidat ion period. Curve A, represent ing the dif- 
fusion current  obtained at a half-wave potential  of 
--0.15 volt, approached a max imum in about 200 hrs. 
The Curves B and C, represent ing diffusion currents  
obtained at half-wave potentials  of --(t.68 and -1 .10  
volts, respectively, showed the same general t rend  as 
the peroxide values. 

Copper ions (1.5 p.p.m.),  added to the lard, de- 
ereased to 170 hrs. the time that  was needed for Curve 
A to reach a maximum.  A peroxide value of 300 was 
reached approx imate ly  100 hrs. sooner in the copper  
sample than in the control sample, t),oth the peroxide 
value and Curve B increased slightly af ter  200 hrs. 
while Curve C reached a plateau at 150 hrs. 
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TIME, HOURS 
~IG. 1. C o m p a r i s o n  o f  p e r o x i d e  w~,lues w i t h  d i f f u s i o n  c u r r e n t  

f o r  l a r d  dur i~ lg  a u t o x i d a t i o n  a t  5 5 ~  
A i s  ia a t  E 1 / 2  ~ - - 0 . 1  5 v. ; B i s  ia  a t  Iq 1 / 2  ~ - - 0 . 6 8  v, ; 
C is i,I a t  g 1/2 = - -1 .10 v. ; PY is peroxide vahlo (m. lIlo}s. O.z/kg.) 

t t igher  t empera tu re  (100~ iuereased the rates 
of both peroxide formation and (h'eomposition in lard  
(F igure  2). Curve A reached a maximum in about 
20 hrs. while the peroxide value reached a max imum 
of 125 in about 30 hrs. Curw's  II and C reached 
their maxima in about .'15 hrs. In a few eases a small 
fourth wave, D, was observed al - 1 . 6  volts a f te r  the 
max imum peroxide value had been reached. Since 
emphasis in this shnly was m~ early autoxidat ion 
products,  little at teut ion was given to this wave. Col)- 
per showed a much greater  pro-oxidant  effect at the 
higher t empera ture  as Curve A reached a maximum 
in 9 hrs. Curves B and C, which reached their  max ima  
approx imate ly  13 hrs. earlier |ban the control, were 
steeper and showed a t rend similar to the peroxide 
value. A second pro-oxidant,  chlorophyll  (0 .2%),  
showed polarographie  effects similar to copper  when 
added to lard and allowed to autoxidize at 100'~ 

The pro-oxidant  effe(~ts of high levels of a-tocophero] 
(0.25%, 0.50%, and 2.0%) were also observed polar()- 
graphic.ally (F igures  3 and 4). In F igure  3 curves 
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b'[(;. 2. Comp:~ r i son  o f  p e r o x i d e  v M u e s  w i t h  d i f f u s i o n  c u r r e n t  
f o r  hi r(I d u r i n g  a u t o x i d a t i o n  "it 1 0 0 ~  

A is  id a t  [q 1 / 2  ~ - - 0 . 1 5  V. ; |~ i s  ia a t  E 1 / 2  ~ - - 0 . 6 8  V, ; 
C is i, at E t / 2  = - - 1 . 1 0  v.; PV is peroxide wdue (m. mols. O'2/kg.) 
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are shown for the three concentration levels in two 
groups: the peroxide values and the Curve A (E ] / 2  
---- - 0 . 1 5 ) .  Tocopherol  in concentrations from 0.25% 
to 2.0% did not affect the initial  rate of peroxide 
formation.  However,  after 8 hrs., the effects of the 
tocopherol  were noticeable. Af ter  about 20 hrs. a 
typical  autocatalyt ic  curve was obtained. The ap- 
parent  effect of the higher concentration of tocopherol 
was to accelerate the rate of peroxide decomposit ion;  
this was observed previously  by Privett  and Quack- 
enbush (8) in a different type of experiment.  Ill a 
concentrat ion of 0.25% tocopherol showed pro-oxi- 
(lant aeMon similar to that of copper (1..5 p.p.m.) 
and chlorophyll  (0 .2%).  The polarographic Curve 
A also showed that reducible :products accumulated 
more sh)wly and persisted longer with tocopherol  
increments.  
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F I ~ .  3. R e l a t i o n s h i p  o f  t h r e e  c o n c e n t r a t i o n s  o f  a - t o e o p h e r o l  
( T )  to  p e r o x i d e  v a l u e s  ( P V )  a n d  d i f f u s i o n  c u r r e n t  a t  E 1 / 2  = 
- - 0 . 1 5  v .  ( A )  d u r i n g  a u t o x i d a t i o n  o f  l~r(1 :~t 1 0 0 ~  

Curves B and C are shown iu Figure  4. The B 
curve most  nearly resembled the peroxide value curves 
for each of the various percentages of tocopherol. 
Curve C showed that higher concentrat ions of tocoph- 
erol delayed by at least 40 hrs. the development of a 
max imum concentration of the substance reducible at 
--1.10 volts.  

Synergists  of various types were compared, first 
wi thout  concurrent  additions of antioxidants  (Table 
1) .  Ascorbic acid (0.05%) showed little or no effect 
upon the accumulat ion of reducible substances when 
compared to the control lard. Citric acid (0.05%) 
decreased both the t ime to reach the max imum of  the 
reducible substances and the concentration of these 
substances at their m a x i n m m ;  the curves fol lowed a 
trend roughly  similar to that of the peroxide values.  
Phosphoric  acid accelerated both the format ion and 
subsequent breakdown of reducible substances; in- 
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Fro. 4. Relationship of three concentrations of a-tocopherol 
(T)  to diffusion current at E 1 /2  ---- --0.68 v. (B)  and  E 1 /2  -- 
--1.10 v. (C) during autoxidation of lard at :100~ 

creasing concentration of phosphoric acid decreased 
the max imum accumulation.  Neither ascorbic acid nor 
citric acid ( .05%) seemed to react with the peroxidcs 
formed in lard. However  phosphoric acid formed a 
brown fat-soluble complex, perhaps polymeric in na- 
ture. The formation of this complex is thought  to be 
responsible for diminished peroxide accumulat ion in 
autoxidized lard (8) .  

A typical  antioxidant effect is shown with 0.011% 
cateehol, tested in lard with and without  synergist.  
Catechol alone delayed max imum accumulat ion of all 
of  the reducible substances by about 6 hrs. (Figure  5).  
However,  once the autoxidation started, the curves 
resembled closely those of the control lard (cf. Fig- 
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FIG. 5. The effect of catecho] (0 .011%)  on the peroxide value 

and diffusion current eurves A, B, and C during autoxidation 
at  1 0 0 ~  

-o 
m 

7s~) 
X 

m 

f- 
c 
m 
r 

T A B L E  I 
Effects of Synergists on ~r Peroxidic Accumulation in Lard at 100~ 

Polarographic 
Addition to lard 

None (control) ............................................. 
Ascorbic acid ( 0 . 0 5 % )  ................................ 
Citric acid (0 .05 '%) ..................................... 
Phosphoric acid ( 0 . 1 7 % )  ............................ 
Phosphoric acid ( 0 . 3 4 % )  ............................ 

Curve A (--0.15 v.)  b 

hr~'. a id 
21 1.0 
21 0.7 
14 0.6 
18 0,3 

7 0.4 

Curve B (--0.68 v,) b 

hrs .  id 
34 4.2 
34 4.2 
23 2.4 
21 2.1 
14 2.0 

Curve C (- -1 .10 v.)  b 

hrs.  id 

36 2.7 
36 3.0 
19 2 . I  
21 1.2 

7 1.6 

Titr imetr i c - -  
peroxide value 

h r s .  m .  m o l . / k g .  

32 126 
33 120 
29 105 
15 63 

7 52 

a Time in hours for maximum concentration to be reached, b Half-wave potential  id---Diffusion current at maximum height. 
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FIG. 6. The effect of eatechol (0.011%) with citric acid 
(0.05%) on the peroxide value and diffusion current curves 
A, B, and C during autoxidation at 100~ 

ure 2). Citric acid (0.05%) with the eatechol added 
23 hrs. to the induct ion period of the lard  (F igure  6) 
but  did not otherwise change the order of format ion  
and accumulat ion of reducible substances. The addi- 
tion of 0.05% ascorbie acid to the cateehol showed 
little effect other than  to reduce slightly the total  
accumulat ion of reducible substances. 

Phosphoric acid (0.17%) with the catechol showed 
an induction period of approx imate ly  38 hrs. I t  also 
changed the order in which each curve reached a 
maximum. Curve C followed the t rend of the per-  
oxide value while both Curves A and B reached maxi- 
m u m  values somewhat earlier (F igure  7). Previous 
work has shown that  there is an increase in antioxi- 
dan t  act ivi ty when phosphoric acid is added to lard 
containing an antioxidant .  This is probably  caused 
pa r t l y  by chelation of col~tanlinant metal  ions (1, 2) 
and pa r t l y  by mutual  spar ing action between the par- 
t ial ly oxidized form of the ant ioxidant  and phosphoric 
acid (8) .  

At tempts  to ident i fy  the individual  peroxide struc- 
tures represented by the three reduction waves led to 
only par t ia l  success. Measurements of half-wave po- 
tentials of a series of eight different hydroperoxides  
under  our conditions had shown a range of values 'I 

4 

Z 
LU 

irr- 

tD 

0 e 27 36 45  54  63 72 6t 90 99 

T I M E ,  H O U R S  

125 

I 0 0  

"u 
f13 

75~) 
>( 
o 
01 

~o~ 
f- 
c 
M 
co 

25 

Fro. 7. The effect of r (0.011%) with phosphoric acid 
(0.17%) on the peroxide value and diffusion current curves 
A, B, and C during autoxidation at 100~ 

f rom --1.05 to --1.]5 volts (6).  Since the reduction 
waves represented by Curve C values ( - 1 . 1 0  to -1 .15  
volts) correspond well with this series, i t  is presumed 
that  the reducible s t ruc ture  represented by  Curve C 
is a hydroperoxide.  Evidence for the types  of perox- 
idle s t ructure  responsible for  the other curves is less 
apparent .  In  our l abora tory  a number  of peroxidic 
compounds have been shown to reduce polarograph-  
ically at or near  zero voltage (6).  These include 
diaeyl peroxides (lauroyl,  acetyl) and bis (1-hydroxy-  
heptyl)  peroxide. The latter,  which reduced at 0.00 
voltage, was reported by Fr i t sch  and Deatherage (3) 
to reduce at --0.3 volt. The A wave at  --0.15 volt  was 
observed with lard early in the autoxidat ion process, 
perhaps  too ear ly to be a t t r ibutable  to a product  
result ing f rom chain rup tu r e  and subsequent con- 
densation. Accordingly,  of the two types  of peroxidic 
s t ruc ture  mentioned above, the diaeyl would seem the 
more likely to be involved. However  none of the types 
which we have studied corresponds closely with the A 
wave substance in all respects. At  the present  t ime no 
definite s t ructure  is suggested as responsible for  Wave  
B. Some evidence indicates that  this substance may  be 
closely associated with the hydroperoxides.  The late 
appearance  of the D wave suggests a relation to sec- 
ondary  oxidation products.  

S u m m a r y  
In  a polarographic  s tudy of lard dur ing  the early 

stages of autoxidat ion at 55 ~ and 10{}~ three reduc- 
tion potentials were observed, and curves were plotted 
f rom the diffusion cur rent  vahles at the corresponding 
half-wave potential  to show the changes in concen- 
t ra t ion of each of the reducible substances with time. 
All three curves followed the general pa t t e rn  of the 
peroxide value, deternlim, d t i t r imetr ieal ly.  I [owever  
Curve A ( E  1/2 ---- --(}.]5 v.) reached a maxinmm 
nmeh earlier than either Curve 1~ (E  1,/2 = --0.68 v.) 
or Curve C (E  1/2 = - 1 . 1 0  v.).  Pro-oxidants  steep- 
ened the curves;  antioxi(tants introduced a lag phase. 
Although the relative heights shifted somewhat, three 
curves persisted under  all conditions. I t  is concluded 
that  autoxidizing lar(l contains at least three types of 
p r i m a r y  "pe rox i ( l i c "  compounds and tha t  these are 
not changed qual i tat ively by the presence of pro- 
oxidants and autioxi<lants. 
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