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o 
NE REQUIREMENT for an acceptable ant ioxidant  

is the absence of color development in the f a t t y  
substrate. I t  was known at the time this in- 

vestigation was under taken  tha t  reduetones would 
impar t  some added browning to stabilized fats. How- 
ever, because amino reductones are among the most 
potent substances to prevent  oxidation of fats  and are 
among the very  few substances that  show an appre-  
ciable ant ioxidant  act ivi ty in soybean oil (5),  this 
investigation on color development in reductone- 
t reated oils was undertaken.  Hodge (7, 8, 9) has 
discussed the browning reactions of amino and non- 
amino reductones in nonfat  systems. The develop- 
ment  of color by  nonamino reductones (aseorbic acid 
and its esters, catechol, and hydroquinone)  when used 
as antioxidants  in fats  has apparen t ly  not been a 
problem. These reductones however are well known 
for their browning reactions in foods and aqueous 
systems. Regier  and Tappel  (12) repor t  that  1% 
concentrations of ascorbic acid, morpholino-, piperi-  
dino-, and dimethylamino-hexose-reduetones  induced 
rapid  visual browning in freeze-dried beef. 

Aqueous  so lu t ions  of a m i n o - h e x o s e - r e d u c t o n e s  
darken upon s tanding in air. The dehydro fo rm of 
reductone fu r the r  oxidizes and polymerizes, changing 
f rom yellow (in dilute solutions) or reddish (in con- 
centrated solutions) to dark  brown melanoid-like 
substances (3). 

Experimenta l  

Various reductones in ant ioxidant  concentration 
ranges of 0.005 to 0.02% ~ e r e  evaluated for color 
development in soybean oil, cottonseed oil, lard, and 
shortening. The reduetones were added as a 1% solu- 
t ion in 90% ethyl  alcohol to fats  on the cooling side 
of deodorization. Wi th  this technique, peroxide-free 
systems were a t ta ined;  also a min imum of air  was 
introduced into the sample. All samples of fats  and 
oils were of commercial  origin and, as judged by  
physical  constants and stabil i ty tests, were typical  
and representat ive materials.  

Color was measured by  the A.O.C.S. tentat ive spee- 
t rophotometr ie  method (11), and a few investigations 
were made in the visible and ul traviolet  spectra with 
a Beckman Model DU speetrophotometer.  Color de- 
velopment  was measured on fats  stored in loosely 
s toppered bottles held at 60~ (Schaal  oven condi- 
tions) for  periods up to three months and on samples 
stored at 100~ Tests for shorter  periods of t ime 
were conducted on fa t  samples under  A.O.lVL oxidiz- 
ing conditions. Deep-fat  f ry ing  tests were conducted 
at  196~ to determine the browning developed under  
these conditions (1). Fo r  un i fo rmi ty  the samples for  
evaluation were removed periodically f rom a single, 
larze  lot of mater ia l  that  was undergoing test. 

The lack of a good method for determining low 
concentrations of peroxides and reductones in the 
presence of each other, and the fact  that  previous 
tests had shown that  oils stored under  Sehaal oven 
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conditions in the presence of 0.01% reductone did 
not reach the autoxidat ion stage until  storage had 
exceeded 100 days, led to the decision not to deter- 
mine peroxide values. There is a distinct need in all 
ant ioxidant  work for  effective methods of removing 
or separat ing peroxides before: proceeding with the 
analysis for  ant ioxidants  in fa t  systems. 

Lacking adequate methods, we proceeded on the 
assumption that  if reductones react with peroxides, 
the error  in the peroxide determinat ion would be no 
greater  than  the known amount  of the added reduc- 
tone. Conversely in analyzing for reductones, any  
reducing value would indicate the presence of some 
reductone. However  a zero value would also mean 
that  peroxides or oxidizing substances were present  
in excess and the reductone content was not neces- 
sar i ly  zero. In  nonoxidized fa t  systems any of the 
s tandard  methods for  determining ascorbie acid or 
the Emmerie-Engel  method for toeopherol are quite 
sat isfactory for the determinat ion of reductones. 
The Emmerie-Engel  method is sat isfactory for small 
samples and is more sensitive than  t i t r imetr ie  proce- 
dures. Reductones were determined direct ly in the 
fa t  system, using the i ron-b ipyr idy l  reaction. A 
s tandard  curve p repared  with pure  reductones points 
to a direct l inear i ty  of concentration with color. 

Table I and F igures  1 and 2 present  the data  ob- 
tained on color development for several reduetones 
in three different fa t  systems stored at 60~ Figure  
1 indicates that  pronounced differences are observed 
among the three different types of piperidino reduc- 
tones. Anhydropiper id ino reduetone, ChilloN- C6H502, 
shows a very  high color development and piperidino 
reduetone, ChH~oN'C6HT03, considerably less, how- 
ever piperidino reductone continues to develop some 
color at a ra ther  constant  rate over several weeks. Di- 
hydroanhydropiper id ino  reductone, ChH~0N'C6HT02, 
developed the least color and was the best reduc- 
tone evaluated insofar  as browning is concerned. 
Very  slight browning developed in t h e  first 8-10 
days, which gradual ly  faded dur ing the next sev- 
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COLOR DEVELOPMENT BY REDUCTONES 
IN SOYBEAN OIL STORED AT 60 DEGREES C 
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Fia. 1. Color development during storage at 60~ of soy- 
bean oil h'eated with various reductones. 
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T A B L E  I 
Color Development  in  Reductone-Treated Yats 
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DIMETHYLAMINO REDUCTONE COLOR DEVELOPMENT 
IN LARD STORED AT 60 DEGREES C+ 
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F r o .  2. T h e  e f f e c t  o f  c o n c e n t r a t i o n  o f  d i m e t h y l a m i n o - h e x o s e -  
r e d u c t o n e  u p o n  t h e  c o l o r  d e v e l o p m e n t  i n  l a r d  s t o r e d  a t  6 0 ~  

eral weeks; the value af ter  56 days in storage was 
about the same as a f te r  25 days. The break point 
in the development of color, as will be shown later, 
is not associated with the break point  in the autoxi- 
dation curve. Normal ly  this reductone is one of the 
most active antioxidants,  and other experiments  with 
the same oil gave peroxide levels of less than I a f te r  
64 days and below 2 a f te r  100 days of s torage  at  
60~ (5). 

Dimethylamino reductone develops more color in 
lard than morpholino reductone, and the effect of 
concentration on color development is seen in Fig- 
ure 2 and Table I. La rd  stored under  these condi- 
tions showed a bleaching action within a few days 
while all samples containing reductones showed an 
increase in color for  about 10 days. Af te r  30 days 
the stored sample with 0�9 concentration of re- 
ductone had bleached to a value equal to the control, 
but lard samples containing higher concentrations 
mainta ined the max imum color which they had de- 
veloped and no oxidative deterioration was detected�9 
The initial differences in color (F igure  2), we feel, 
are a result  of air  oxidation of the reductone in 
aqueous alcoholic solution which occurred before it 
was added to the fat. The reductones are much more 
sensitive to air oxidation in aqueous systems than in 
fa t  systems. The 10ng induction period needed in 

oxygen absorption tests (2) is indicative of their  
stabil i ty to oxygen in fa t  systems. 

Table I presents the effects of concentration of 
moropholino reductone on color development in soy- 
bean oil and lard. Morpholino- and dihydro-anhydro-  
piperidino are the two reductones having the least 
browning in fa t  systems�9 Only slight differences 
in color are observed between controls and  samples 
t reated with 0.005 or 0.01% morpholino reductone. 
At  0.02% only small increases are seen in soybean 
oil stored at 60 ~ and 100~ The increase in color 
at 100 ~ over 60 ~ is negligible in the soybean oil. 
except at  the 0�9 level. More rapid  bleaching 
occurred in lard at  100 ~ , but the total  browning 
color which developed appears  to be the same under  
both conditions of storage�9 Because of the rapid  
peroxide development in lard at 100 ~ the difference 
between the color of the reductone-stabilized sample 
and the bleached control is large. However,  if  the 
initial level of color of the samples is used for com- 
parison, only small increases in absorption are seen 
at 100 ~ even at  the 0.02% level�9 

The increased color developed in shortenings under  
deep-fat  f ry ing  conditions is i l lustrated in Figure  3 
for the different reductones. Similar results but 
slightly less b rowning  were observed for lard. Lard  
also exhibited high initial  values of 4.8 for  piperidino 
and 3.3 for  morpholino, which dropped to 3.8 and 

COLOR DEVELOPMENT BY REDUCTONES 
IN DEEP FAT FRYING 

~'=O~," O.Ol~ Anhydropipe rldine 
�9 0.01~ Piper id ino 

. . , ,e . , , .  0 0 ) ~  MOrl0hol ino 
~ x ~  Shor tening Cont ro l  

"6 o 
v i %'% 
�9 ~ / " ~  

+: i ? ; " ' - - . .  . . . . . . . . . . . . .  . 
is[. .""" " " "  ....... 

I �9 I I I 
IniPiQI O 10 30 60 

Minutes at 196 Degrees C. 

F i e .  3. C o l o r  d e v e l o p m e n t  d u r i n g  d e e p - f a t  f r y i n g  o f  s h o r t -  
e n i n g  t r e a t e d  w i t h  v a r i o u s  a m i n o - h e x o s e - r e d u e t o n e s .  
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3.2, respectively, within 10 min. and remained con- 
s tant  thereafter .  Color values for  the control lard 
remained constant over the 1-hr. test period at 2.4- 
2.5. Color development dur ing deep-fat  f ry ing  can 
be attributed to both thermal destruction and to oxi- 
dation of the reduetone. A 0.01% piperidino redue- 
tone sample heated under  vacuum at 196~ showed 
the initial rise in color f rom 2.9 to 4.0, but  the maxi- 
mum of 4.6 was not a t ta ined unti l  a f te r  an hour ' s  
heating'. About  20% of the reducing power of the 
reduetone was destroyed under  these conditions in 
1 hr. 

In  the evaluation of antioxidants,  color develop- 
ment  is most general ly observed under  A.O.M. con- 
ditions. F igures  4, 5, and 6 show such results. The 
loss of anhydropiper id ino reductone under  A.O.M. 
conditions in lard and the simultaneous development 
of color and peroxides are given in F igure  4. Maxi- 
mum rate of color development occurs dur ing  the 
first stages of aeration. The max imum color is at- 
tained af ter  70 hrs. of aerat ion and when approxi-  
mate ly  65% of the reductone has been destroyed. 
These results would indicate that  the color begins to 
bleach when a relat ively low level of peroxide is 
attained, perhaps  even at levels of less than 1 milli- 
equivalent. 

REDUCTONE L055 vs COLOR AND 
PEROXIDE O~VELOPMENT IN LARD 
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F~G. 4. Destruction of 0.01% anhydropiperidino reductone 
in soybean oil oxidized under A.O.M. conditions and the devel- 
opment of color and hydroperoxidcs in the system. 

Subject  to the limits of the analytical  methods, 
it appears  tha t  bleaching occurs with the simultane- 
ous rise in peroxides. The initial rise in color is 
l inear up to approximate ly  20 hrs., and the deviation 
f rom l inear i ty  at this point  could result  f rom a con- 
s tant ly  increasing bleaching ra te  while other color 
bodies are still b e i n g  formed. In  this par t icular  test 
the accumulat ion of an appreciable peroxide con- 
centrat ion corresponds to the time when bleaching 
becomes predominant  over color-body formation,  or 
roughly  a f t e r  about 70 hrs. of aeration. 

The time to obtain the stage of rapid  autoxidation,  
normal ly  considered to be the break point, also cor- 
responds to the complete destruction of the antioxi- 
dant  at approx imate ly  120 hrs. The bleaching indi- 
cated by the decrease in color, if a t t r ibuted only to 
hydroperoxides (none to free air) ,  might  indicate a 
higher peroxide level in the pre-autoxidat ion stage 
than  can be- determined by  t i t r imctr ic  methods. The 
rate  of destruction of reductones ( F i g u r e 4 )  is l inear 
at  the outset al though it  is plotted as two l inear  seg- 
ments with a slight change in slope at about 50% de-  

struction. The relationship and significance of these 
curves are amplified in the following section. Under  
A.O.M. conditions it was found tha t  0.01% morpho- 
lino reduetone developed color at  a slower rate  than  
the oxidizing soybean-oil control. The maximum color 
obtained before the break point  was however about 
the same in each case. 

F igure  5 is. the same system as in F igure  4 except 
that  the samples were held under  high vacuum (con- 
t inuous pumping)  at 100~ The slight increase in 
color ran  be a t t r ibuted to air  dissolved in the system, 
which could not be removed by  the initiai vacuum- 
pumping  at room temperature .  Af te r  deaeration, con- 
tinuous heat ing under  vacuum gave no fu r the r  in- 
crease or decrease in color of the lard containing 
0.01% reductone. Analysis  fo r  the reductone by  its 
reducing power showed a thermal  destruction of 30% 
in 100 hrs. at  100~ The loss is indicated as l inear 
ra te  with time. 

REDUCTONE DESTRUCTION A N D  COLOR DEVELOPMENT 
IN LARD UNDER V A C U U M  AT 100 DEGREES C, 
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FIQ. 5. Destruction of 0.01% anhydropiperidino reductone 
in soybean oil held at 100~ under vacuum and the develop- 
merit of color. 

Pract ical ly  all commercial ant ioxidant  mixtures  
contain free polyfunet ional  acids, such as citric acid;  
it is well known that  mild acid conditions inhibit  the 
browning of foods. Citric acid has a pronounced 
effect in re ta rd ing  the development of browning in 
reductone-treated soybean oil. F igure  6 presents re- 

EFFECT OF CITRIC ACID IN REDUCING COLOk 
DEVELOPMENT IN REDUCTONE TREATED SOYBEAN Oh. 
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Fro. 6. The effect of citric acid upon the development of 
color in a reductone-treated soybean off oxidized under A.O.~. 
conditions. 
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sults obtained under  A.O.M. conditions with 0.01% 
each of anhydropiperidino reductone and citric acid. 
Although color does develop in this system, the use of 
citric acid reduced the browning by at least 50%. In 
tests with the morpholino reduetone-citric acid com- 
binations the browning and color development are 
vir tual ly the same as that  of the control oil. 

Discussion 
Absorption methods are the most widely used tech- 

niques to measure the extent of browning in spite of 
the fact  that  a large amount  of visnal browning is 
derived from reflected and fluorescent light~ Absorp- 
tion curves in the visible range exhibit no character- 
istic s t ructure  for a reductone-oi] system. The pres- 
ence of 0.02% anhydropiperidino reduetone sharpens 
the absorption and gives exceedingly high absorption 
at 4200 A. Oils containing reductones that  are sub- 
mitted to oxidation show only a more intense general 
absorption. Pure  crystalline piperidino rcductone has 
a high absorption at 315 m~. (E ~ 1510 in MeOH),  
and the oxidized form of the reduetone absorbs at  
228 mix (7, 9). Virgin soybean oil also exhibits ab- 
sorption at these wavelengths, where a slight increase 
is seen at 315 m~ and a stronger absorption at 228 
m~. The absorption data obtained on oil systems at 
these concentrations were not suitable for  the ana- 
lytical or reaction type of studies. 

CoIor values on undi luted fats by the A.O.C.S. 
photometric method indicated that  about 90% of the 
color was produced by the absorption at 550 m~. 
Thus the color readings are closely related to the 
absorption at this wavelength and compare favorably 
with the visual amount of red color in the samples. 
The absorption at 460 mu contributes only a small 
amount to the color values because of the low conver- 
sion factor. This absorption increases at a similar 
rate in both the control oil and reductone-treated oil 
upon storage. The magnitude of the difference be- 
tween the t reated and untrea ted  oil is small at 460 
m~, compared to the difference observed in absorp- 
tions at 520 m~. Absorptions at the two higher wave- 
lengths were negligible. 

In  some respects reduetones behave in anhydrous 
fat  systems as they do in aqueous systems. F igure  5 
shows that  no color develops when air is excluded 
from a reductone-eontaining soybean oil held at 100 ~ 
C. although the reductone concentration slowly di- 
minishes. The necessity for dehydrogenation of reduc- 
tones to a-dicarbonyl compounds and of polyphenols 
to o-quinones before typical  browning can occur (in 
aqueous systems) was emphasized by Hodge in 1953 
( 8 ) .  F u r t h e r  evidence has been provided in support  
of that  contention (2, 3, 4, 6, 10). The present work 
indicates that  the dehydrogenation hypothesis should 
be extended to include browning in oils and in f a t ty  
systems. 

Color is assumed to be formed from the reductones 
by  dehydrogenation of the enediols to a-dicarbonyl 
compounds, which are colored and readily generate 
deeper-colored bodies of higher molecular weight. 
Recently it has been shown that a-dicarbonyl com- 
pounds (dehydro reductones) and quinones dispro- 
portionate in the absence of air to regenerate the 
enediol and at the same time undergo oxidative di- 
merization and fu r the r  polymerization to deeply 
colored substances (2, 3, 4, 6, 10). I f  such a spon- 
taneous oxidation-reduction occurs in oils, the enediol 
form of the antioxidant  would be continuously regen- 

crated while color bodies are being formed. Constant 
regeneration of reductone could explain the zero-order 
reaction observed in this work, that is, the rate of 
reductone loss was found to be independent of reduc- 
tone concentration (Figure 4). 

Citric acid inhibited development of color in re- 
ductone-soybean oil systems. Whether  the general 
inhibiting effect of acids on browning reactions or the 
sequestering effect of citric acid for heavy metals 
( that  would otherwise catalyze oxidation of the re- 
duetone) is responsible for  the sIower development 
of color cannot now be decided. Because citric acid 
does not exhibit a synergistic antioxidant effect with 
amino reductones in soybean oil (5), the metallic-ion 
sequestering action may not be the reason for the 
inhibition of browning. 

The amino reductones studied behave as true anti- 
oxidants in a var ie ty  of oils. In  anhydrous oils, 
dissociation of protons from the enediol group would 
not be expected;  consequently hydrogen transfer  
should be limited in comparison with aqueous and 
other polar systems. Yet the reductones do react 
with oxygen slowly in anhydrous fa t ty  media. Oxi- 
dation could proceed by free radical mechanism, as 
with catechol in nonpolar solvents, and hydrogen 
peroxide would be generated (6). The colored sub- 
stances are bleached by the peroxides; hence the 
colored substances or their intermediates could exert 
direct antioxidant  action on the peroxides~ More 
than one type of antioxidant mechanism is probably 
involved in our  experiments. 

Our s tudy indicates that at least four  reaction 
processes should be considered for the mechanism of 
antioxidation in oils by enedio~s (eatechols, other 
polyphenols, and reduetones):  a) Air-oxidation of 
the enediols to a-dicarbonyl compounds, b) sponta- 
neous reduction of the ~-diearbonyl compounds to 
enediols, accompanied by c) spontaneous oxidation, 
independent of oxygen, of the a-dicarbonyl  com- 
pounds to deeper-colored bodies, and d) oxidation- 
reduction between the colored bodies and the fat  
peroxides. The possible reactions arc outlined below. 
The manner  in which the enediols p e r  se interfere 
with peroxide formation remain to be determined. 

\ 
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Summary 
Amino reductones, derived f rom hexoses were eval- 

uated for  color development in heated, oxidizing fat  
systems. Browning was observed to some extent with 
all the amino-hexose-reductones.  The brown color 
f requent ly  faded upon long heating of the oils. The 
density of color increased with reductone concentra- 
t ion and varied markedly among the different amino 
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reductones. Morpholino-hexose-reductone could be 
used in lard and vegetable oils at concentrations up 
to 0.01% without introducing visually detectable 
amounts of color. Heating soybean oil solutions of 
the amino reductones at 100 ~ C. under vacuum slowly 
destroyed the reductone but did not cause develop- 
ment of color. Air or oxygen was required for color 
production. Addition of citric acid along with the 
reductone reduced the amount of color developed. 
Reductones in fat systems show similarities in brown- 
ing to reductones in aqueous systems. New consider- 
ations for the mechanism of antioxidation by poly- 
phenols and reduetones in oils are presented. 
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The Preparation and Properties of Surface-Active 
N-Acylamino-Methanesulfonates 
ROBERT A. FALK, 1 J. FRED GERECHT, and IRVING J. KREMS; 2 Research and Development Department, 
Colgate-Palmolive Company, Jersey City, New Jersey 

T 
HE IGEPON-T surface-active agents have proved to 
be one of the most popular types in current use 
(13). These compounds may be considered to be 

derivatives of 2-aminoethanesulfonic acid, taurine. I t  
therefore seemed desirable to investigate derivatives 
of the analogous amino methanesulfonie acid since 
they might prove functionally and economically ad- 
vantageous. Such surface-active compounds have 
been mentioned in the patent literature (2, 11, 18). 
Yoshizaki (19) discusses the preparation via the 
high-temperature reaction between fatty amides and 
sodium hydroxymethanesulfonate and describes some 
surface-active properties. The present investigation 
was designed to explore the chemistry of the amino- 
methanesulfonic acids and their acylation. This route 
to the desired surface-active compounds was judged 
preferable because of its greater simplicity and 
unambiguity. 

While it is only fairly recently that the structure 
of aminomethanesulfonic acids has been firmly es- 
tablished (1, 2, 16), there is little doubt that these 
substances have long been known. Thus Petersen (7) 
reported the compound corresponding to 1-amino- 
ethanesulfonic acid in 1852; and Reinking et ~l. 
described aminomethanesulfonic acid in 1905 (9). 
More recent interest in these compounds has been 
generated as a result of their discovery as antimi- 
crobial agents (4, 5, 6, 15, 17). 

Aminomethanesulfonic acids may be generally pre- 
pared, as described by Raschig and Prahl (8), by 
condensing a primary amine or ammonia with sodium 
1-hydroxyalkanesulfonates, which are obtained by the 
addition of sodium bisulfite to aldehydes. 

R C H  ( O H )  SO~Na -~- R ' N H 2  ~ R C H  ( N H R '  ) S 0 8 N a  -~ H 2 0  

The sodium aminomethanesulfonates are easily hy- 
drolyzable, but they may be stabilized by acidification 
to form a zwitterion, or better, by acylation of the 

1 Present  address: Sperry Gyroscope Corporation, Great Neck, N. Y. 
2 Present address: Medical Faculty, University of Vienna, Vienna, 

Austria. 

amino group. I t  is possible to vary the molecule over 
a wide range by changing one or more of the starting 
materials: aldehyde, amine, or acylating agent. In 
this work, surface-active agents were made by intro- 
ducing the hydrophobic group through the latter two 
means. 

The  aminomethanesulfonic acids prepared in our 
investigation fall into two categories and are pre- 
sented in Table I. In the first are those derived from 

TABLE I 
Aminomethanesulfonic Acids 

Amine Aldehyde 

NH8 CH20 

NH8 CH3CHO 

CHsNH~ CH~O 

(CHs) 2CHNH_o CH20 

CmH~NH2 CH20 
i 

C~sH~NH~ i CH~0 

CeHnNH2 d CH20 

Product 

NH2CH2SOatI a 

CH3CH (NH~) SO3H c 

CH3NHCH:SO3H c 

(CH~) 2CttNHCH~SOsH c 

C~He~NHCH2SO~H b 

C16HssNHCH~SOzH b 

C~HnNHCH2SOaH a 

Yield 

% 
87 

3O 

6O 

36 

93 

84 

70 

Analysis 
Calc. Foun 

% % 
N 12,60 12.4 
S 28.80 28.8 

N 11.10 10.9 
S 25.39 25.2 

N 11.17 11.0 
S 25.57 25.5 

N 9.12 9.0 
S 20.90 20.4 

N 5.01 4.9 
S 11.45 11.7 

N 4.18 4.4 
S 9.55 9.0 

N 7.24 7.1 
S 16.58 16.3 

aAnalytical sample obtained by recrystallization from water. 
bAnalytical sample obtained by recrystallization from alcohol. 
cAnalysis on dried crude sample. 
d Cyclohexylamine. 

low-m01ecular-weight amines or ammonia, and low- 
molecular-weight aldehydes. The acids prepared from 
higher amines and low-molecular-weight aldehydes 
fall into the second category. 

Our attempts to apply the experimental procedure 
of Raschig and Prahl (8) gave fair yields of 1-ami- 
noethanesulfonic acid and N-isopropylaminomethane- 
sulfonic acid. However highly variable results for 
amiuomethanesulfonic acid and practically negligible 


