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E. F. Herb  f rom the Eas tern  Utilization Research 
and Development  Division, Agr icul tura l  Research 
Service, United States Depar tment  of Agriculture,  
has resigned as his work is not now in the field of 
Spectroscopy. He has been replaced by Pau l  Magi& 
man f rom the same organization. Donald Wheeler, 
General Mills, Inc., has also resigned as his work is 
now no longer closely related to spectroscopy. He has 
been replaced by Seymore Goldwasser, Lever  Brothers  
Company. I n  addition, we have added one new mem- 
ber, David Firestone f rom the Food and Drug  Ad- 
ministrat ion of the Depar tment  of Health,  E'dueation, 
and Welfare.  Dr. Firestone is a referee for  official 
methods of the Association of Official Agricul tural  
Chemists. His appoin tment  to the Spectroscopy 
Committee of the A.O.C.S. will be another  step in 
s tandardizing official methods of the two societies. 
We welcome Dr. Firestone, Dr. Magidman, and 
Dr. Goldwasser to the Committee. We regTet the 
neeessity for  Drs. Herb  and Wheeler to leave us, but 
we look forward  to the oppor tun i ty  to consult with 
them as they join the illustrious members of our 
alumni. 
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The Chemistry of the 2-Thiobarbituric Acid Test for 
Determination of Oxidative Rancidity m Foods. 
I. Some Important Side Reactions 

the 

BASIL G. TARLADGIS, 3 A. M. PEARSON, and L. R. DUGAN JR., Department of Food Science, 
Michigan State University, East Lansing, Michigan 

Evidenee is presented by UV, visible, and IR spectra as 
well as by paper and column chromatography of variously 
treated TBA-acid reagents that the structure of TBA is 
altered upon acid-heat treatment. A more pronounced but 
similar effect results from the treatment of the TBA with 
hydrogen peroxide. Some of the degradation products of 
TBA absorb at the same wavelength as the TBA-malonalde- 
hyde complex, as do many compounds which are reported 
in the literature to react with TBA. The significance of these 
findings in respect to the quantitative aspeets of the test for 
the determination of rancidity in food products is discussed. 

T 
HE 2-thiobarbiturie acid (TBA)  test is widely 
used for  measur ing oxidative changes in food's 
containing unsatura ted  f a t t y  acids. The red 

p igment  produced af ter  reacting T B A  directly with 
oxidized foods or their  distillates has been identified 
to be a condensation product  of one molecule of 
malonaldehyde with two molecules of TBA (22). As 
malonaldehyde is believed to be derived f rom some 
deeomposition product  of the oxidized unsatura ted  
f a t ty  acids, spectrophotometric measurement  of the 
TBA-malonaldehyde complex gives what is thought  
to be a quant i ta t ive measure of fa t  oxidation (18, 
19, 21-23, 30). 

In  recent years  various methods have been devel- 
oped for  pe r fo rming  the TBA test on food products. 
These methods can be classified under  two categories. 
a) A solution of TBA in a s t rong acid is added to the 
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food product,  and the whole mixture  is heated for 
periods of 10-35 rain. in a water  bath to obtain maxi-  
mum color development. The red pigment  is then 
extracted with a suitable solvent and measured in a 
speetrophotometer,  b) The food product  is first steam- 
distilled with acid, and the TBA-acid solution is added 
to a portion of the distillate, which is then heated for  
35 rain. for nmxinmm color development. The red 
pigment is measured direct ly ill a speetrophotometer.  

The two methods are similar ill that  they both enl- 
ploy heating of the food at a low p H  (0.9-1.5). This 
step is claimed to be essential for the liberation of 
malonaldehyde f rom some precursor  as well as for the 
condensation of malonaldehyde with T B s  (1-3,10-12, 
18-2:3,26,29,30). 

Their  differences however are many.  The distillation 
method appears  to have advantages in tha t  prolonged 
heating of the food product  is avoided, thus keeping 
to a mininmm any fu r the r  oxidative or decomposition 
changes dur ing the test. Fur themnore  only the vola- 
tile constituents of the food are distilled over, thus 
avoiding any  reaction of the TBA with nonvolatiles 
of the food which may  react  with it. F ina l ly  the 
acid of the TBA reagent  is diluted as the reagent  is 
added to the distillate in equal amounts before the 
heat ing begins. 

All methods for  pe r fo rming  the TBA test invari-  
ably employ the addition of TBA dissolved in acid. 
TBA is an amide, thus acid-heat t rea tmeut  can be 
expected to hydrolyze TBA to thiourea and malo- 
nic acid. The same t rea tmeut  may  also hydra te  the 
- C - S H  group of the TBA molecule, thus yielding 
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FIG. 1. Effect of different acids upon the abso,'ption 
speetra of TBA: 

I. TBA-TCA. 
2. TBA-tt(?I. 
3. TBA-acetic acid. 
4. TBA-acetic acid, heated for 35 min. (20 :1  dilution). 

barbi tur ie  acid, which also may  undergo subsequent 
hydrolysis  to urea  and malonie acid. 

Acid-heat t rea tment  may  also accelerate the oxi- 
dation of the mercapto group as well as the - C H 2  
group  of TBA. The la t ter  is located in between two 
carboxyl groups and, as such, is very  susceptible to 
oxidation, yielding alloxan. These possible changes 
of TBA upon acid-heat t r ea tment  and their signifi- 
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FIG. 2. The  e f fec t  o f  t i m e  o f  hea t i ng  upon  the a b s o r p t i o n  
s p e c t r a  of  T B A  in  a c e t i c  a c i d :  

1. TBA-acetic acid, freshly prepared.  
2. TBA-acetic acid, heated for 5 rain. 
$. TBA-acetic acid, heated for 10 min. 
4. TBA-acetic acid, heated for 15 min. 
5. TBA-acetic acid, heated for 20 rain. 
6. TBA-acetic acid, heated for 25 rain. 
7. TBA-acetic acid, heated for 3(1 min. 
8. TBA-acetic acid, heated far  35 rain. 
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canoe for the quant i ta t ive aspects of the TBA test 
have never been reported.  

The optical density of the red TBA-malonaldehyde 
complex is measured in a spectrophotometer  against  
a blank containing TBA-acid reagent  and treated the 
same as was the sample, or against  unheated TBA- 
acid reagent (18,19), or against  unheated TBA-water  
reagent  (4-9,16,17,27,28). I f  some or all of the above- 
mentioned side-reactions occur, then the prepara t ion  
of a blank in such a way as to ensure cancelling out 
of these side-effects becomes imperat ive in order to 
obtain the best quant i ta t ive results. 

The purpose of this s tudy  is to investigate some 
of the conditions under  which the s t ructure  of the 
TBA may  be altered because of hydrolyt ic  or oxida- 
tive changes, as well as to ascertain the significance 
of these changes in the quant i ta t ive aspects of the 
test for  the determination of malonaldehyde in ran- 
cid foods. 

M e t h o d s  

The experiments  reported below were repeated, 
using TBA (Eas tman  Organic Chemicals) f rom at 
least three different lots. 

TBA Reagents. 0.02 M T B A  solutions in water,  90% 
glacial acetic acid, 12% hydrochloric acid (HC1), and 
20% trichloroacetic acid (TCA) .  

The TBA reagents were freshly p repared  in all 
experiments  unless otherwise stated. The heating tests 
were performed in such a way as to simulate the 
actual t rea tment  of the blanks for  the varions TBA 
tests reported in the l i terature (20,21,23,24,29,30). 
The TBA reagents were therefore  appropr ia te ly  di- 
luted with distilled water.  A boiling water  bath was 
used for  heating purposes. 

I n  one series of experiments  the T B A  reagents  were 
heated in the water  bath for periods of t ime vary ing  
f rom 5-35 nfin. In  another  series, hydrogen peroxide 
was added to the T B A  reagent  before heating. The 
concentrations of H202 varied f rom I x 10 -a to 5 x 10 -a 
M. Thiourea and malonic acid at 0.02 M concentra- 
tions were also heated alone or together with the TBA 
reagents. 

The absorption spectra of all pigments  produced by 
the above t reatments  were either recorded or measured 
in a Beckman DK-2 oi" DU speetrophotometer,  respec- 
tively. Distilled water  or the various acids used for 
the prepara t ion  of the different TBA reagents were 
used as blanks for  the recording of all visible spectra.  
The blanks were not heated unless otherwise stated. 
The TBA-malonaldehyde complex was prepared  as 
described by  Sinnhuber  et al. (22). 

Column a,~d Paper Chromatography. The column 
was p repared  with cellulose powder and filled with 
isoamyl alcohol-acetic acid (98:2 v / v ) .  The solvents, 
f rom the different t rea tments  of the T B A  previously 
described, were removed in a vacuum oven over sul- 
furic acid. The solids left  behind were redissolved in 
2 ml. of 10% acetic acid and were added to the col- 
umn. A solution of 10% acetic acid was used as an 
eluting solvent. 

T B A  crystals were twice recrystallized f rom water  
and 95% ethyl alcohol. I n  a few hours  af ter  they 
were placed in the oven for  d ry ing  at  100~ it was 
noticed that  the crystals  had tu rned  yellow-pink in 
color. These crystals were repeatedly run  through 
the colunm af ter  being dissolved in 10% acetic acid. 

The same method and solvents were used for  paper  
chromatography,  as reported by Sinnhuber  et al. (22), 
with the difference tha t  an ascending ra ther  than  a 
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~q~ZG. 3. T h e  e f f ec t  o f  t i m e  o f  h e a t i n g  u p o n  t h e  a b s o r p t i o n  
s p e c t r a  o f  T B A  i n  a c e t i c  a c i d ,  i n  t h e  p r e s e n c e  o f  5 x 10 -~ M H20~ : 

1. TBA-acetic acid, freshly prepared.  
. TBA-acetic acid-I- tteOe, heated for 5 rain. 

TBA-acetic acid @ tI202, heated for 10 min. 
4[ TEA-acetic acid ~- tt2Oe, heated for  15 min. 
5. TBA-acetic acid ~- tIeO~, heated for 20 rain. 
6. TBA-acetic acid -/- :H'_,02, heated for  25 rain. 
7. TBA-acetie acid Jr H..,02, heated for 30 rain. 
8. TBA-acetic acid -~ H20~, heated for  35 rain. 

descending technique was employed. The solvent front  
t raveled the distance to the top of the paper  in 10 hrs. 

The various colored solutions obtained af ter  heating 
the different TBA reagents were spotted on the filter 
paper  (~ rha tman  No. 1) alone or side-by-side with 
the various eluents obtained f rom the column chro- 
ma tography  or with purified TBA-malona ldehyde  
complex. 

UV Spectra. The UV spectra  of TBA and the va- 
rious TBA reagents t reated as above were recorded 
in a Beckman DK-2 spectrophotometer.  The spectra 
of TBA-malonaldehyde complex, barbi tur ie  acid, and 
thiourea were also recorded. Distilled water  was used 
as a blank for the recording of all UV spectra. 

Infrared Spectra. Since the various TBA deriva- 
tives p repared  above are soluble only in acids and 
bases, K B r  pellets were prepared  f rom the crystals 
that  were isolated by the various procedures described 
above, and their in f ra red  spectra were taken with a 
Perk in-Elmer  recording inf ra red  spectrophotometer.  
In  some eases spectra of impure  compounds were 
taken for  the purpose of comparison. 

Results and Discussion 

Effects of Heat a~d Hydrogen Peroxide on the 
TBA Reagents. Fig. 1 shows the absorption spectra 
of f reshly p repared  TBA reagents and that  of TBA 
in acetic acid af ter  heating for 35 rain. The spectrum 
of the la t ter  was recorded a f te r  a 20:1 dilution with 
distilled water.  When TBA in TCA and HC1 were 
heated for  5 and 30 rain., respectively, their  spectra 
had a diffused line. The spectra of TBA in acetic 
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acid, heated f rom 5-35 rain., are shown in Fig. 2. The 
absorbance at 450 m~ increased with the heating time 
while the peak at 490 m~ was obscured because of the 
increased intensi ty of the 450 m~ peak. Also a peak 
at 530 m~ was visible when the mixture  was heated 
for 30 and 35 min. 

Fig. 3 shows the absorption spectra of TBA in 
acetic acid heated for 5-35 rain. a f te r  the addition of 
5 x 10 -~ 5[ of H202. The intensity of the 450 mtx 
peak was magnified many-fold as was that  of the 
530 mt~ peak. TBA-TCA and TBA-HC1 reagents, 
t reated the same way, gave discolored, cloudy solu- 
tions. When higher concentrations of hydrogen per- 
oxide were used, the TBA-acetie acid reagent also 
gave discolored, cloudy solutions. Fig. 4 shows the 
absorption spectra  of the TBA-malonaldehyde com- 
plexes prepared  by heating 2 x 10 s moles of 1,1,3,3- 
te t rae thoxypropane  ( T E P )  and 0.02 M TBA in the 
following solvents (1,14,18,20,21,23,28,29): water, 
freshly p repared  90% glacial acetic acid, 90% glacial 
acetic acid prepared  two weeks in advance, 12%, ItC1, 
and 20~/c TCA. 

The molecular extinction coefficients of the above 
TBA-malonaldehyde complexes at  530 m~ are com- 
pared in Table I. I t  should be noted that  they were 

TABLE I 

51:olecular Extinct ion Coefficients of the Various  
TBA-l~eagents-Malonaldehyde Complexes 

I Absorp- Colored complexes I tion 

5 I a l o n a l d e h y d e - T B A  i n  [ 
W a t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . 3 0 8  
9 0 %  A c e t i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . 2 7 9  
9 0 %  A c e t i c  a c i d "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] . 2 7 1  
1 2 %  t I y d r o c h l o r i c  a c i d  . . . . . . . . . . . . . . . . . . . . .  2 5 2  
2 0 %  T r i c h l o r o a c e t i c  a c i d  . . . . . . . . . . . . . . . . . .  2 2 9  

Molecular 
extinction % 
coefficients 

1, 5 4  x 107 1 0 0  
1, 4 0  x 10  z 9 0  
1, 3 6  x 107 8 8  
1, 2 6  x 1 0 ;  81  
1, 15  x 107 75  

a P r e p a r e d  t w o  w e e k s  i n  a d v a n c e .  

measured against  blanks containing the respective sol- 
vents which were treated the same way as the samples. 
When the absorbance of the same samples was meas- 
ured against  a distilled water  blank, they were found 
to be approximate ly  the same in respect to each other. 
This clearly indicates the degradat ion of the TBA 
upon acid-heat t reatment .  

Column Chromatography. Using a 10% solution of 
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FIG. 4. A b s o r p t i o n  s p e c t r a  o f  m a l o n a l d e h y d e - T B A  c o m p l e x e s ,  
p r e p a r e d  b y  h e a t i n g  2 x 10 -s m o l e s  o f  T E P  w i t h  : 

1. TBA in water .  
2. TBA in 90% glacial acetic acid. 
3. TBA in 90% acetic acid prepared  2 weeks in advance.  
4.  T B A  i n  1 2 %  t IC1 .  
5. TBA in 20% TCA. 
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Fro. 5. UV speetr~ of: 
1. TBA in water. 

. TBA in 90% glacial acetic acid. 

. TBA in 12% ttC1. 
4. Barbituric acid in water. 
5. Barbituric acid in 90% glacial acetic acid_ 

acetic acid as an e]uting solvent, two fractions were 
obtained f rom all TBA reagents, one yellow in color 
and one orange. The absorption spectra of these frac- 
tions showed peaks at 452 and 490 raft, respectively. 
A pink-colored band stayed at the top of the column 
af ter  the elution of these bands. This was eluted with 
a solution of 10% ammonium hydroxide, and its ab- 
sorption spect rum showed a peak at 530 m~. Recrys- 
tallized TBA elutcd f rom the column gave the same 
colored components with absorption maxima at 452, 
490, and 530 raft. Elut ion front the column of the 
reaction products  of TBA with hydrogen peroxide 
gave the same three colored components, each absorb- 
ing at the same wavelength, respectively. 

The colored components, isolated through column 
chromatography,  change color rap id ly  when left  at 
room temperature .  Their  color is preserved a little 
longer under  ni trogen atmosphere or at refr igerated 
temperature .  The yellow pigment  changes progres- 
sively to orange-pink while the orange changes to 
pink. The pink fades. Their  absorption maxima grad- 
ual ly shift  f rom 452 mff to 530 raft, respectively. Re- 
peated elutions of these pigments  through the column 
yielded decreased amounts of yellow pigment  and 
more p ink  pigment.  Evapora t ion  of the solvents in 
a vacuum oven over sulfuric acid yielded yellow and 
orange crystals and only traces of pink crystals al- 
though the color of the la t ter  solution was very deep. 
These pink crystals were soluble in water.  

Paper Chromatography. I n  all cases in which the 
yellow component was present,  one yellow spot was 
visible with an R f  value of 0.67. No other visible 
spot was observed. When  the p ink  component was 
present,  a spot with an R f  value of 0.23 was observed 
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under  UV radiation. No visible spot or fluorescence 
was obtained for  the orange component under  the 
conditions of the chromatography.  

One spot was visible under  UV radiat ion with an 
Rf  value of 0.23 when recrystallized TBA, TBA- 
malonaldehyde complex, or the pink component of 
TBA obtained front the colmnrt chromatographic  elu- 
tion of the various TBA-reagents  heated alone or 
with H202, w~,re spotted side-by-side. When the two 
pigments were mixed, only one spot resulted. 

UI; Spectra. Fig. 5 shows the UV spectra of TBA 
in water,  acetic acid, and HC1, together with the UV 
spectra of barbi tur ic  acid in water  and in acetic acid. 
Fig. 6 shows the spectra of the pink, orange, and 
yellow pigments isolated by column chromatography 
of TBA heated in acetic acid and that  of the same 
pigment  af ter  t rea tment  with hydrogen peroxide. 
Comparison of Figs. 5 and 6 shows that  most spectra 
exhibit three peaks at about 280, 260, and 210 raft. 
The peak at 240 mff appeared to be the same as that  
of the orange pigment  while the pink mater ial  gave 
a peak at about 280 mff. Thiourea gave only one 
peak located at 240 raft. The spect rum of the pink 
pigment,  isolated af ter  heat ing TBA and H202, was 
different f rom that  of the heated TBA-acetie acid 
reagent  while those of their  yellow components were 
very  similar. Barbi tur ic  acid in water  gave a sharp 
peak at about 260 mt~, but when it was heated in 
acetic acid, a spect rmn was obtained similar to that  
of TBA-acetic acid but without the peak at 240 mff. 
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:FIG. 6. U V  s p e c t r ~  of  the  T B A  d e g r a d a t i o n  c o m p o n e n t s  iso- 
l a t e d  b y  c o l u m n  c h r o m a t o g r a p h y :  

TBA in 90% glacial acetic acid, heated 35 rain. 
1. Pink 
2. Orange 
3. Yellow 

TBA ill 90c)~ glacial acetic acid, heated 35 rain., 
after addition of 5 x ]0 -3 M H~Oe: 

4. Pink 
5, Yellow 

Thiourea in distilled water. 
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In  general, the UV spectra of the various TBA 
reagents, t reated in different ways, were similar to the 
s t ructure  of un t rea ted  TBA in water, but the peaks 
were shifted and new ones appeared,  indicating new 
structures  or s t ruc tura l  differences. In  the case of the 
various TBA-malonatdehyde complexes, the general 
s t ructure  of the TBA spect rum was retained, prob- 
ably because it was present  in such a great  excess as 
compared to malonaldehyde. 

Infrared Spectra. Table I f  compares the IR  spec- 
t ra  of the various TBA derivatives. The al terat ion of 
the s t ructure  of T B A  af ter  the different t reatments  
is quite obvious, as indicated by  the appearance of 
new bands. 

The presence of bands at 3.1 and 5.9 microns in the 
spect rum of TBA corresponding to - C - O H  and 
- C = O  groups, respectively, indicates that  TBA ex- 
ists in both the keto and enol form. 

The I R  spect rum of the TBA-malonaldehyde com- 
plex generally agrees with the chemical formula  pro- 
posed by Sinnhuber et al. (22), as confirmed by 
Schmidt (18). In  view of the bands at 2.9, 3.2, 3.45, 
6.1, 6.7, 8.4, and 8.9 microns, corresponding to - N H ,  
= C H ,  - C H 2 ,  - C = O ,  and - C - O H  groups, the actual  
chemical formula  would be a resonance hybr id  of 
many  forms. There seems to be no water  associated 
with the molecule as postulated by Sinnhnber  (22) 
and measured by Sehmidt  (18,19). Wate r  gives sharp 
bands at  about 2.6 and 5.8 microns. These bands are 
not observed in the I R  spectrum of the TBA-malon-  
aldehyde complex. 

The results of the experiments per formed show 
that  the s t ructure  of TBA is al tered by acid-heat 
t reatment .  Evidence is presented by  the UV, visible, 
and I R  spectra as well as by the pape r  and eolmnn 
chromatography  of the various TBA reagents. 

I t  cannot be said with cer ta in ty  whether  these 
changes in the s t ruc ture  of TBA are caused by  
hydrolysis alone or by some other concurrent  reac- 
tions. No evidence of hydrolysis  of the T B A  to 
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maloific acid and thiourea was shown by the various 
spectra. This was not surpr is ing since both thiourea 
and malonic acid may decompose upon acid-heat 
t rea tment  to yield hydrogen sulfide, carbon dioxide, 
and ammonia ;  and acetic acid and carbon dioxide, 
respectively. 

I t  has also been shown that  the s t ructure  of TBA 
is al tered when heated with an oxidizing agent. As 
noted before, TBA can be oxidized in two sites, the 
- C - S H  and - C H 2  groups. When mercaptans  are 
oxidized, disulfides, sulfoxides, and sulfones nlay be 
formed, depending on the degree of oxidatiou. The 
nlereapto group may also be hydra ted  and lose H2S, 
and the TBA may  thus be converted to barbi tur ie  acid. 
On the other hand, if the - C H 2  group is oxidized, 
alloxan should be the end-product,  which possibly 
could condense with an unoxidized TBA molecule. 

Presence of such eompomlds in the TBA-reagents  
t reated in various ways has not been detected, per- 
haps because of the incomplete purification of the 
samples. Continued a t tempts  are being made to iden- 
t i fy  the various side-products. 

In  general, the results of this work indicate that  
TBA should not be heated with acids or in the pres- 
ence of oxidizing agents. I t  has been taken for  granted  
that,  when the optical density of a eolored conaplex 
is read against  a blank t reated the same way as the 
sample, all side-effects are cancelled out. I t  should be 
remembered however tha t  when a TBA reagent  is 
added directly to the oxidized food product  and the 
whole mixture  is heated for  long periods of time, 
the blank is not necessarily t reated the same way. 
The oxidized food product  contains hydroperoxides 
which are expected to affect TBA the same way as 
hydrogen peroxide while the blank does not contain 
hydroperoxides.  

The visible spectra of the TBA-reagents  treated in 
various ways show peaks at 450, 490, and 530 in~. 
The la t ter  is located at the same wavelength as the 

T A B L E  I I  

I n f r a r e d  Spec t ra  of T B A  D e r i v a t i v e s  

W a v e l e n g t h  in  mic rons  
Compounds  

2 6 

T B A  

TBA-ace t i c  
acid  

T B A - H C ~  

T B A -  
malonalde-  
hyde  complex 

Yellow pig-  
m e n t  

O c a n g e  pig- 
raent  

P i n k  p i g m e n t  

B a r b i t u r i c  
ac id  

Malonic  ~cid 
T h i o u r e a  

2.80 
2.90 

2.95 

2.95 

2.95 

6.00 
6.55 
6.95 

6.10 6.45 
6.15 6.55 
6.35 

6.05 6.55 
6,20 6,70 
6.30 

6.10 6.70 
6.20 6.75 
6.45 

6,10 6,95 
6.3O 
6.65 

6.35 
6.70 
6.95 

6.30 
6.45 
6.95 

6.10 6.55 
6.25 6.65 
6.30 6.90 

6.95 

6.15 
6,25 
6 .80  

7 8 

7.00 7.70 8.10" 
7.30 7,85 8.75 
7.50 

7.00 7,80 8.05 8.70 
7.25 8.45 8.80 
7.50 8.60 8.90 

7.05 7,70 8.20 
7.35 7,90 8.55 
7.50 8.80 

7.25 7,70 8.40 
7.40 7.85 8.90 
7.65 

7.25 8.10 
7.70 8.25 

8,45 

7,25 8.25 
7.75 8.45 

8.70 

7.20 7,55 8.10 
7.25 7.75 8.45 
7.50 7,85 8.80 

7.10 7.50 8.05 
7.30 7.75 8.15 
7.40 7.85 8.60 

7.10 %60 8.20 
7.25 7.80 8.50 
7.40 7,95 

7.10 8.30 8.95 
8.45 
8.70 

9 

9.45 
9.60 
9.80 

9.00 9.85 
9.20 
9.50 

9.20 9,90 
9.30 
9.50 

9.75 
9.95 

9.95 

9.55 
9.90 

9.40 
9.75 

9.80 

9.25 
9.75 

10 

10,20 
10,70 

10.00 
10.20 
10.75 

10.10 10.80 11.25 
10.40 
10.55 

10.05 10.85 11.10 
10.40 11.75 
10,60 11.95 

10.20 11.25 11.70 
10.75 11.45 

11.60 

10.75 11.30 
10.50 11,95 
10,75 

10.75 I 1 , 5 0  

10,80 

10.75 11.15 
10.90 

10.05 10.95 
10.55 
10.75 

11 t 1 2 1  !3 
11.~5 I ~ l  13.oo 
~1.451 / laAo 
11"70 I / 13.80 

11.15 12.25 13.00 13.70 
11.30 13.35 13.80 
11.801 L13.50 13.95 

12.45 13.90 

12.75 13.15 
13.80 

12.00 13.20 
12.20 13.95 
12.70 

12.25 13.80 
12.75 

12.05 13.40 
12.45 13.85 
12.70 

12.50 

12.70 13.00 
13.70 

18.70 
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absorption maximum of the TBA-malonaldehyde com- 
plex. Pape r  chromatography  has shown that  both 
compounds give identical spots. Until  this compound 
derived f rom degradat ion of TBA is identified, it 
cannot be said with cer ta in ty  whether  it is malonalde- 
hyde or other 3-carbon f ragment  or decomposition 
products  of either thiourea or malonic acid interact- 
ing with TBA to give a compound similar to the 
TBA-malonaldehyde complex and absorbing at the 
same wavelength. I t  should be remembered that  even 
traces of a compound with a highly chromophoric 
group  can give a color with a distinct visible spec- 
trum, which may  not be detected by inf rared  if it is 
present  in concentration less than 5% of the mixture. 

I t  has been reported in the l i terature that  many  
compounds react with T B A  to give complexes absorb- 
ing at 450 and 490 m/, (2,3,4-13,16-19,23-25,28,291. 
In  view of the fact  tha t  pure  TBA heated with acids 
and even twice recrystallized TBA absorbs at the 
same wavelength, it has to be determined whether 
the repor ted  compounds real ly react with TBA or 
whether changes in the s t ruc ture  of TBA have been 
assumed to be other compounds, especially when the 
blanks were t reated differently fronl the samples. 

In  view of the fact  tha t  highly significant correla- 
tions have been obtained between TBA numbers  and 
taste-panel results on various oxidized foods, the re- 
sults of this work should not be construed as a sug- 
gestion to discard the TBA t, est for  determination of 
rancidi ty  in oxidized foods. They merely point out 
that  more care should be taken in the conditions of 
the test and in the t rea tment  of the blank so that  the 
results obtained are real ly  quantitative.  

Work  is under  way in this laboratory for the devel- 
opment of a T B A  test without the need of acid-heat 
t rea tment  for  the determinat ion of lnalonaldehyde in 
rancid foods. 
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Application of Infrared Spectroscopy to 
Primary Fatty Amide Mixtures 

the Analysis of 

W. E. LINK and K. M. BUSWELL, Archer-Daniels-Midland 
Company, Minneapolis, Minnesota 

]7he composition of fatty amide mixtures, containing 
mostly simple primary amides, has been studied by means 
of an infrared method utilizing the Amide I carbonyl 
absorption band. In dilute chloroform solution the amides, 
CHs(CH~)nCONIt~ absorb consistently at about 5.95 /~ and 
do not display apparent association or enolization. The 
concentration of unsubstituted amides has been quantita- 
tively related to the intensity of the Alnide I band through- 
out the range from 1 to 100%. With the scale expansion 
the sensitNity os the method may be extended to 0.03% 
without difficulty. 

The influence of certain impurities on the intensity of 
the Amide I band is discussed. Carbonyl absorption fronl 
fatty acids, ketones, and esters constitutes an interference. 
N-monosubstituted anlides also contribute to the absorption 
observed at 5.95 /*, but their presence is indicated by addi- 
tional absorption at about 6.60 I*. 

The determination of small amounts of amides in amines 
may be accomplished by measuring the total Amide I 
absorption of a sample dissolved in tetrachloroethylene 
and relating this absorption to that of know~ mixtures 
run under identical conditions. 

C 
HEMICAL METHODS, which provide dependable 

and precise analyses with f a t ty  amines, are less 
successful with f a t t y  amides, for  the usual ba- 

sieity of the nitrogen, upon which many  functional  
analyses are based, is neutralized by the presence 
of the acyl group. A var ie ty  of methods are available, 
nevertheless, for  the s tudy  of p r ima ry  amide mixtures. 

Vigorous t rea tment  with acid (8) or alkali (17) 
will hydrolyze amides so that  the result ing amine or 
ammonia may be liberated, distilled, and finally ti- 
t ra ted as in a Kje ldahl  determination. Olsen (13) 
has presented a saponification value procedure which 
eliminates the interference of esters. The reduction 
of amides to amines with l i thium alunlinum hydride 
is feasible. In  this procedure, by Siggia (18), the 
amine is steam distilled and t i t ra ted with s taudard 
acid. Nitriles are a serious interference. A number  
of investigators (2,14,19,21) have studied the reac- 
tion of hydroxylamine with anlides to form hydrox- 
amic acids which can be estimated by color reaction 


