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O 
BJECTIW~: TESTS for following organoleptic dete- 

r iorations in food products are highly desirable. 
()ne such test is the reaction of 2-thiobarbiturie 

acid (TBA)  with lh,, oxidation products  of unsatu- 
rated f a t t y  acids to give a red pignient. The spectre- 
photometric  determination of this red pigment  has 
been used to follow rancidi ty in a wide var ie ty  of 
food products  (1, 2, 4-9, 11, 13-16, 18-20, 22, 24, 25, 
28). Several of these references (6, 9, 11, 12, 14, 22, 
2:1, 27) review the earlier l i terature of this reaction. 

The chemistry of the reaetion producing the re<l 
pigment  has bt,e. at least par t ia l ly  elucidated. A 
three=carbon f ragment  derived from the <>xidati<m of 
mono-or-polyemfic fa t ty  acids was early postulate<l as 
the active color-l>roduein~ compound (10, 13, 17, 27). 
Pa t ton  ct al. (13) te~tat ively i<hmtified this fraszlnent 
as malonaldehyde on the hasis of spectral curves. Sinn- 
huber  et al. (22, 23, 29) prepared the tmre I)igmem 
both f rom mahmahlehy<le and from rancid oil. ()ll the 
basis of elemental analyses, absorption spectroph<> 
tometry,  and paper  chroula tography they <.<included 
tha t  pigments  f rom the two sources were identical and 
suggested a s t ructure  in which two molecuh,s of TBA 
condense with oiu, of malonaldehylle. 

Various pr<>cedures have been employe<] for per- 
forming the TBA test on food products.  I t  is usually 
per formed on the whole food ra ther  than on extracted 
fat. I t  would therefore be expected to measure oxi- 
dation products  of protein bound lipids and phos- 
pholipids which w<mld not be extracted by ord inary  
fa t  solvents. All test procedures involve heat ing the 
food with a s trong acid. This step appears  to be 
essential for  the l iberation of malonaldehyde froni 
some precursor  (17, 20, 22, 25) as well as for  the 
condensation of malonaldehyde with TBA. 

The T B A  may  be added with the acid direct ly to 
the food and the whole mixture  heated for  periods 
of 30 to 50 rain. to obtain maximum color develop- 
ment. The red p igment  formed dur ing  the heating 
is then extraeted with a suitable solvent. For  exam- 
ple, Tu rne r  et al. (25) reacted pork tissue with TBA 
in the presence of phosphoric and triehloro-acetic 
acids and  extracted the eolor with an iso-amyl alcohol- 
pyr id ine  mixture.  Yu and Sinnhuber  (22, 29) heated 
fishery products  with TBA in the presence of hydro- 
chloric and triehloro-acetic acids and pyr id ine  and 
used petroleum ether to extract  the ehrmnogen. 

SidwelI et al. (20) described a steam-distil lation 
procedure  for  dried milk in whieh the malonaldehyde 
was distilled f rom the acidified milk. A fract ion of 
the distil late was then reacted with TBA, and the 
color was read directly. The distil lation procedure 
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offers several advantages  over other methods. The 
mahmaldehyde  is obtained ill a clear aqueous solution 
so that  its reaction product  with thiobarbi tur ic  acid 
does not need to be extracted with solvents. The acid 
heat t rea tment  necessary to effect the liberation and 
distillation of malonaldehyde f rom the sample is l e s s  
drastic than  tha t  required for  max imum color devel- 
opment  with the TBA reagent,  therefore there is less 
likelihood of fa t  oxidation oeeurring dur ing  the test 
itself. Also the relation of the rancid odor to thio- 
barbi tnr ic  acid-reaetive mater ial  and to other volatile 
compounds can be more readily studied in the clear 
distillates. 

Most workers repor ted values for the TBA reaction 
ill a rb i t r a ry  absorbance units, which in view of the 
diversi ty and empirical  na ture  of the methods em- 
ployed eanliot be compared f rom one laboratory  to 
another. Sinnhuber  and Yu (22) proposed the use of 
l , l ,3 ,3- te t ra-e thoxypropane as a s tandard.  Acid hy- 
ih'olysis of this acetal yields malonaldehyde, lit was 
therefore possible to express their results in terms of 
the " T B A  n u m b e r , "  defined as rag. of malonaldehyde 
per 1,000 g. of sample. 

This value would be expected to have real signifi- 
cance as a comparable  measure of fa t  oxidation in the 
various modifications of the TBA method applied to 
different foods only if a) significant oxidation of fa t ty  
components of the foods does not occur dur ing  the 
test itself and b) all of the malonaldehyde is ex- 
t racted f rom the tissue by the test procedure. 

I t  seems unlikely tha t  either of these conditions is 
met. With  the Turne r  method, significant readings 
are obtained even with fresh raw meats (24, 25) and 
with oysters (18), in which pr ior  fat  oxidation would 
not be expected. The fact  tha t  the thiobarbi tur ic  
acid reaction has been used to distinguish fresh horse 
meat  f rom other meats, based on the greater  content 
of linolenic acid in the former  (7), is presumpt ive  
evidence that  considerable oxidation is b rought  about 
by the test itself. I t  follows that  the test can be use- 
ful  as a measure of pr ior  fa t  oxidation of rancidi ty  
only when applied to mater ia l  for  which the " f r e s h "  
base line has been established. 

I t  is equally clear that,  for  the Turner  method at 
least, complete extract ion of malonaldehyde is not 
obtained in the test procedure.  The meat  sample is 
ground to a specified size ra ther  than  homogenized 
in a blender in order to prevent  the development 
of too much color for  convenient reading in the 
speetrophotometer.  

The research repor ted in this paper  describes the 
applicat ion of the distillation procedure to meat  
and compares this method with T u r n e r ' s  extract ion 
method. The distillation technique has been simpli- 
fied somewhat by direct  heat ing of meat  slurries in 
Kjeldahl  distillation racks ra ther  than by passage of 
live steam through the samples, as suggested by Sid- 
well et al. (20). This allows the simultaneous distil- 
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~'IG. 1. The absorption of the colored complexes produced 
with the TBA reagent and: TEP standard solution by the dis- 
tillation method ( ) ; TEl ) standard solution by Turner's 
method ( . . . .  ); cooked meat by the distillation method 
( . . . .  ). 

lation of multiple samples with equipment generally 
available in food laboratories. Malonaldehyde stand- 
ards have been used with both methods, as suggested 
by Sinnhubcr and Yu (22). 

Experimental  
Reagents 

T B A  Reagent. 0.02 M 2-thiobarbiturie acid in 90% 
glacial acetic acid. ]))ring into solution by warming 
slightly in a boiling water bath. 

T E P  Standard. 1 • 10 :* M 1,1,3,3,-tetra-ethoxypro- 
pane in distilled water. This solution can be kept for 
about a week if stored in the refrigerator and diluted 
as needed. 

HC~ Solution. i par t  of concentrated tICI to 2 
parts of distilled water (aI)proximately 4 N). 

Procedure 

Blend 10 g. of meat with 50 ml. of distilled water in 
a War ing  Blendor for 2 rain. Transfer the mixture 
quantitatively into a Kjehlahl flask by washing with 
an additional 47.5 ml. of distilled water. Add 2.5 ml. 
of HC1 solution to bring the p t [  to 1.5. Place a small 
amount of Dow antifoam A onto the lower neck of the 
flask, and add a few saddle stones to prevent bump- 
ing. Assemble apparatus and heat flasks at the highest 
heat obtainable on the Kjeldahl distillation apparatus. 
With the electric heating elements available, in this 
laboratory approximately 10 miIL from the moment 
boiling begins are required to collect 50 nd. of the 
distillate. 

Mix the distillate, pipette 5 ml. into a 50-ml. glass- 
stoppered tube, and add 5 ml. of TBA reagent. Stop- 
per the tubes, mix the contents, and immerse in a 
boiling water bath for 35 rain. A distilled water-TBA 
reagent blank should be prepared and treated like 
the samples. 

Af te r  heating, cool in tap water fo r  10 rain., trans- 
fer a portion to a envette, and read the optical density 
of the sample against the blank at a wavelength of 
538 mt~. (A Beckman DU speetrophotometer was 

used). Mult iply the reading by the factor 7.8 to con- 
vert to mg. of malonaldehyde per 1,00'0 g. of meat. 

The details of the distillation procedure given above 
differ in several respects from the recommendations 
of Sidwell et at. (20) for milk powder. The experi- 
mental justification for the reeonnnendations given 
will be clear from the observations in the following 
sections. 

Results  

Absorption Curves. Absorption spectra of the color 
produced with TBA and the hydrolysis product  of 
1,1,3,3,-tetra-ethoxypropane (malonaldehyde),  using 
Turner ' s  method and the method described above, are 
plotted in F igure  1. In addition, a spectrum of the 
chromogen produced by reacting the TBA reagent 
with a distillate from rancid cooked meat is included. 
The concentration of malonaldehyde used for Tur- 
her ' s  method was 5 • 10 -s moles and that for the dis- 
tillation method 4 • 10 s moles. The shapes of the 
absorption curves are similar to those shown by Sinn- 
huber and Yu (22). The position of maxima differed 
slightly in the two methods, probably because of 
differences in the solvent and pH. 

Sinnhuber and Yu (22) reported a maximum at 535 
m~. Maxima of 543 and 538 were found for Turner ' s  
method and the distillation procedure, respectively. 

Mabnaldehyde  Standard Curves. A standard eurve 
was prepared by making appropriate dilutions of the 
] • 10 -:~ ~I TEl)  standard sohltion to give amounts 
ranging from ] • 10 s to 7 • 10 -s moles of malonaldc- 
hyde in 5 ml. Determinations were rnn directly on 
5-ml. portions both by Tnrner ' s  method and the 
method described for testing the distillate. The results 
are plotted in Figure  2. It is evident that the pigment 
follows Beer 's  law over the entire concentration range 
when measured on the lleckman ])U Speetrophotom- 
clef. However deviations from a linear relatiotmhi l) 
between absorbaney and concentration were obtaim'd 
when the Evelyn colorimeter with a 540 m~ filter was 
used in place of the spe(.trophotomet(w, in both meth- 
ods. All results reported in this .paper were obtained 
with the speetroI)hotometer. 

Since these standard curves were obtained by react- 
ing the solutions directly with the TBA reagent, they 
do not, of course, give any measure nf the recovery of 
malonaldehyde upon distillation. Data on this point 
are shown in the following section. 

Factors Affecting Distillation of Malonaldehyde 
1. p H  of the Material to Be Distilled. As f()u,d by 

Sidwe]l et al. (20) for milk, acidification was nec- 
essary to release malonaldehyde either from T E P  
standards or meat. Table I shows the ot)tieal (hmsities 

T A B L E  [ 

]~]ffe('lu O11 O1)l icn]  D e n s i t i e s  of  t h e  I )H  of  t h e  
M a t e r i a l  to  Be  D i s t i l l e d  " 

O p t i ( . a l  d e n s i t y  

p I {  

2 . 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 . 7 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

] .70  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . 6 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . 3 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
] . lO  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. 90  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. 70  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. 50  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T E  P so lu -  
t i o n  

. 3 9 1  

. 4 1 2  

. 4 6 1  

. 4 4 9  

. 4 6 3  

. 4 6 2  

. 4 2 6  

. 4 2 8  

. 4 2 2  

. 4 1 5  

. 4 0 5  

(~ooked m e a t  
s h l r r y  

. 5 4 2  

, 6 0 0  

. 5 6 0  

. 4 5 5  

" D i s t i l l a t i o n  t i m e :  10  m i l l .  
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obtained on distill ing at  various p H  values. The 
distil lation flask contained 5 • 10 -7 moles of 1,1,3,3,- 
te t ra-e thoxypropane,  s tandard  or 10 g. of cooked meat.  
I n  each case 50 ml. of distillate were collected, and 5 
ml. were used for  the TBA test. Maximum optical 
density, represent ing a recovery of 69%, was obtained 
a t  p H  1.5 both with T E P  s tandard  and with the meat  
samples. The 2.5 nd. of HC1 solution produced a p H  
within the range  of 1.5-1.7 in meat.  In  T E P  s tandard  
solutions 2.0 ml. were required. 

2. Effect of Time of Heating During Distillation. 
Time required to obtain 50 ml. of distillate was var ied 
by heat ing samples with same p l t ,  using the three 
heat  speeds and several positions available on the 
Kje ldahl  appara tus .  The distil lation flask contained 
5 X 10 _7 moles of T E P  or 10 g. of cooked meat. Re- 
sults are shown in Table I I .  

T A B L E  i I  

E f f ec t  on  O p t i c a l  D e n s i t i e s  of  V a r y i n g  t h e  T i m e  N e c e s s a r y  to  
C o l l e c t  5 0  ml .  of  Dis t i l l a t e  a 

O p t i c a l  d e n s i t y  
T i m e  of h e a t i n g  

( r a i n . )  

t 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 9 0  
l 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 0  
12  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 6 5  
14  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 5 1  
1 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 3 8  
2 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 1 5  

" p H :  1 . 5 .  

T E P  solu-  
t i o n  

C o o k e d  m e a t  
S l u r r y  

. 5 8 0  

. 6 1 0  

. 6 5 0  

. 6 7 0  

. 7 5 5  

. 7 8 0  

The greatest  amount  of mahlnaldchydc was ob- 
ta ined in 50 ml. of distillate when the distillate was 
collected in the shortest  t ime possible, i.e., the highest 
heat  available. The heat ing period was 10 min. When  
however 10 g. of cooked meat  s lu r ry  were distilled in 
the same way, color development  increased with the 
t ime of heating. 

I t  is thought  tha t  f a t  oxidation may  occur dur ing  
the test  itself, especially if  the heat ing period is pro- 
longed and the p H  is very  low. To test  this hypothesis,  
a sample of fresh raw pork  was assayed both by  Tur -  
ne r ' s  method (which requires heat ing the tissue for  
30 min. a t  a p H  of 0.5) and also by  several variat ions 
of the distil lation procedure.  The results given in 
Table I I I  demonstra te  the product ion of malonalde- 
hyde in nonrancid  mater ia l  by prolonged heat ing at  
low pH.  Rapid  distil lation at  the recommended p H  
of 1.5 produced no malonaldehyde f rom fresh raw 
meat.  

3. Effect of Varying the Amount of Distillate. A 
pre l iminary  exper iment  in which an acidified meat  
sample was distilled almost to dryness  and the distil- 
late collected in three equal f ract ions  demonstrated 
the presence of malonaldehyde in all three fractions.  
Since it was not possible to extract  all malonaldehyde 
f rom meat  by par t ia l  distillation and since prolonged 
heat ing m a y  cause further,  oxidation, the following 

T A B L E  I I I  

P r o d u c t i o n  of  3 / l a l o n a l d e h y d e  i n  T e s t  P r o c e d u r e s  
U s e d  w i t h  F r e s h  R a w  P o r k  

T i m e  of  
M e t h o d  p l ~  h e a t i n g  [ O p t i c a l  
. . . . .  ( r a i n . )  d e n s i t y  

T u r n e r ' s  g r o u n d  m e a t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  I .5 I 3 0  . 2 0 1  
T u r n e r ' s  m e a t  s l u r r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .5 I 3 0  I . 3 8 7  
D i s t i l l a t i o n  . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5  1 0  . 0 0 0  
D i s t i l l a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 1 .5  2 0  . 0 1 4  
D i s t i l l a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] .5 1 0  . 0 2 5  
D i s t i l l a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L .5 2 0  . 0 4 8  

T A B L E  I V  

E f f e c t  on  O p t i c a l  D e n s i t i e s  of  V a r y i n g  t h e  
A m o u n t  ~)f D i s t i l l a t ~  ~, b 

M1. o f  d i s t i l l a t e  
co l l ec t ed  

O p t i c a l  de ns i ty  

T E P  solu-  Cooked  m e a t  
t ion  s l u r r y  

4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 5 0  . 5 4 9  
5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 6 0  . 5 7 8  
6 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 7 0  . 4 8 0  

a D i s t i l l a t i o n  t i m e :  l 0  r a i n .  
b p I { :  1 .5 .  

exper iment  was devised to determine the point at 
which the distillation should be stopped. 

A solution containing 5 • 10 7 moles T E P  or 10 g. 
of cooked ,neat s lur ry  were distilled, and samples 
were collected at  var ious intervals.  The max immn 
optical density was obtained when 50 ml. of distillate 
were collected, as shown in Table IV.  Results are 
expressed on the same volume basis. 

Observat ions  on the  Di s t i l l a te  

1. Odor. The distillate f rom T E P  had a charac- 
teristic odor, somewhat suggestive of apples. The 
distillates f rom rancid meat  had a stronger,  more 
unpleasant  odor, similar to tha t  of the meat  itself. 
The malonaldehyde appears  to contribute a relat ively 
small f rac t ion  of the total  odor complex of rancid 
meats. 

2. Separation of Oily Layer. I t  was observed tha t  
some oily spots appeared  at  the surface of the dis- 
tillates f rom both T E P  and meat  samples when the 
distillates were allowed to stand a few hours. To de- 
termine whether  this represented a separat ion of 
some polymer  of malonaldehyde which might  inter- 
fere with proper  sampling for  the T B A  test, the 
T B A  reaction was per formed on 5 mh of distillate 
f rom the surface layer, 5 ml. f rom the bottom, and 
5 ml. f rom a duplicate distillate jus t  a f te r  mixing 
and shaking. The original solution contained 5 • 10 -7 
moles of TEP .  The values agreed within the experi- 
mental  error  of the method (Table V) .  The same 
test run  on a cooked meat  distillate gave similar 
results. 

T A B L E  V 
R e c o v e r y  of  R e a c t i v e  M a t e r i a l  i n  Y a r i o u s  

P o r t i o n s  of  t h e  D i s t i l l a t e  

O p t i c a l  d e n s i t y  

P o r t i o n  u s e d  T E P  solu- C o o k e d  m e a t  
l i o n  s l u r r y  

T o p  l a y e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 4 0  . 5 6 7  
B o t t o m  l a y e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 4 5  . 5 7 5  
M i x e d  d i s t i l l a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 6 0  . 5 8 2  

3. Effect of Heating Time on Color Development 
with the TBA Reagent. The distillates f rom 5 • 10 -7 
moles of T E P  and f rom cooked meat  were heated with 
the T B A  reagent  in a boiling water  bath  for times 
varying f rom 25 to 55 min. The resul ts  are shown 
in Table VI .  Although color format ion  was still in- 
creasing slowly at  the end of 55 rain., i t  was decided 
to use a 35-rain. heat ing period rout inely  since the 
rate falls off a f ter  tha t  time. 

4. Stability of the Distillate and of the Colored 
Complex. Distillates collected one day  can be held 
over 24 hrs. at room tempera tu re  with very  little 
change in subsequent color development with the TBA 
reagent.  Af t e r  the color complex is formed,  optical 
densi ty increases about 10% if the solution is held 
for  24 hrs. 
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5. Recovery of Malonaldehyde in the Distillate. The 
average recovery of malonaldehyde obtained in 50 inl. 
of distillate f rom known concentrations of T E P  was 
68%. The usual range was f rom 66 to 70%. 

Expression of Results. Sinnhuber  and Yu (22) pro- 
posed the use of the t e rm " T B A  n u m b e r "  as the 
rag. of malonaldehyde per  1,000 g. of sample. In  the 
distil lation method the " T B A  n u m b e r "  may  be cal- 
culated by mul t ip ly ing  the absorbancy by a constant  
K, the value of which may  be obtained f rom the stand- 
ard  curves and the known dilutions as follows: 

c o n e .  i n  l n o l e s / 5  m l .  of d i s t i l l a t e  
K (distillation) - • 

optica ! density 
i0 7 100 

mol. wt. of malonaldehyde • - • 
wt. of sample % recovery 

The value of the first te rm f rom the s tandard  curve 
is 7.4 • 10 -8. Wi th  a sample of 10 g. and 68% recov- 
ery: K (d i s t i l l a t i on )=  7.8. 

The constant for  the method of Turne r  e t al. (25) 
has a numerical  value of 1.4. The conversion of opti- 
cal densities obtained by  this method to rag. of malon- 
aldehyde is however ra ther  meaningless in view of the 
oxidation of the sample dur ing  the test procedure and 
the incomplete extract ion of malonaldchyde. 

Correlation of Sensory Scores with rag. of Malon- 
aldehyde per 1,000 g. of Meat. Fresh  pork  ham was 

T A B L E  Vl 

Effects of Heating Time on Color Development of the 
TBA-Malonaldehyde Chromegen a 

Time  of h e a t i n g  Opt ica l  dens i ty  

( ra in . )  T E P  t ion solu- Cooked s lu r ry  mea t  

25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  367 .890 
35 ................................ .. .462 1.050 
45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :  . ............. 470 :1.120 iii!i)ii!!!i!iiii!!!i!!i)! 55 ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " ....... .495 1.150 

'LpH: 1.5. 

purchased locally, ground in a meat  grinder,  and 
thoroughly  mixed by hand. The meat  was divided in 
two lots. One served as a control, and the other was 
t reated with a mixture  of 0.5% sodium tr ipolyphos- 
phate  and .22% sodium ascorbate as ant ioxidants  
(24). I t  was packed in 307 • 113 cans, sealed, and 
cooked in a water  ba th  to an internal  t empera ture  of 
70~ Some of the cans were kept  in the re f r igera tor  
and some in the freezer. 

At  intervals cans were opened, the meat  was ground 
again and presented to a panel  of six to eight t ra ined 
judges for  odor evaluation. The judges rated the in- 
tensi ty of rancid odor on a six-point scale ranging 
f rom not detectable to very  strong. Values f rom 1 to 
6 were computed for  each sample. The TBA number  
(using the distillation method described above) was 
per formed on duplicate samples. The sensory values 
were compared with the average TBA numbers,  using 
the Spearman  Rank Correlation Coefficient rs ( 2 1 ) .  

The results, represent ing a total  of 147 judgments  
on 21 different samples of the stored meat,  gave  a 
correlation coefficient (rs) of 0.89, which is highly 
significant. The threshold range of T B A  numbers  for  
detection of off-odor in pork was approximate ly  0.5 
to 1.0. 

Discussion 

Although thiobarbi turic  acid methods for the deter- 
ruination of malonaldehyde in rancid foods are less 
precise than peroxide determinations on rancid fats, 
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MOLES OF MALONALDEHYDE IN |O - S  
F r o .  2. M a l o n a l d e h y d e  s t a n d a r d  c u r v e s :  D i s t i l l a t i o n  m e t h o d  

) ;  T u r n e r ' s  m e t h o d  ( . . . . .  ) .  

it is nevertheless impor tan t  tha t  these methods be ex- 
plored thoroughly.  They offer at present  the only 
available measure of the oxidation of tissue lipids not 
extracted with ord inary  fat-solvents. This f ract ion is 
largely composed of phospholipids and protein bound 
lipids characterized by a high degree of unsaturat ion.  
The oxidation of this f ract ion is undoubtedly  responsi- 
ble for  types of odor and flavor deteriorat ion in meat  
which have not previously been characterized chemi- 
eally or measurcd objectively (26). 

The distillation procedure described is snperior  to 
other cur rent  methods of car ry ing  out the thiobarbi- 
turie acid reaction in that  there may  be less oxidation 
of f a t t y  acids dur ing the test itself. At  the present  
time identical " T B A  n u m b e r s "  obtained by various 
methods do not represent  equal degrees of rancidity. 
Nevertheless the expression of results in terms of T E P  
s tandards  (maloualdchydc)  will at least alh)w com- 
parison of the results obtained with the same material ,  
using different methods alld should facil i tate the ira- 
provement  and s tandardizat ion of procedures.  

I t  is realized that  2-thiobarbituric acid also reacts 
with other compounds which may  be present  in distil- 
lares f rom rancid foods. Glyoxal has been shown to 
fo rm a colored complex absorbing at 525 and 550 m~ 
(3). This may be present  in i r radiated meats, but  
there is no evidence that  it is a product  of the oxida- 
tion of unsa tura ted  f a t ty  acids, lilt does not interfere  
with the malonaldehyde-TBA readings at approxi-  
mate ly  540 nl~. 

The distillate f rom meats  may  also contain a com- 
pound which reacts with TBA to give a peak at 450 
m~. This peak is not observed with pure  malonalde- 
hyde solutions. The compound responsible has not 
been identified. 

I t  should also be pointed out that  there is no nec- 
essary relat ionship between the thiobarbi tur ic  acid 
test and the total carbonyls as measured by 2,4-di- 
ni t rophenylhydrazine.  Malonaldehyde is, of course, 
a dicarbonyl.  [ t  reacts with 2,4-dini trophenylhydra-  
zinc to give a peak at 380 m~ (26). However,  in the 
concentrations present  in the distillates f rom meats, 
malonaldehyde does not contribute a significant frae- 
tion of the value for total carbonyls. 

The relat ionship between malonaldehyde and rancid 
odor needs fu r the r  investigation. Comparison of the 
odor of distillates f rom T E P  s tandards  versus rancid 
meats indicates that  malonaldehyde contributes only 
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a small pa r t  of the total odor complex. Nevertheless 
it appears  to accompany the odor very closely. The 
relationship between malonaldehyde, other carbonyls, 
and odor, in distillates f rom pure  f a t ty  acids, is under  
investigation at the present  t ime in an effort to throw 
light on these questions. 

Summary 
A,I improved distillation method is described for 

the quant i ta t ive determinat ion of malonaldehyde in 
foods containing oxidized fats. The procedure is com- 
pared with other methods in current  use for the de- 
terminat iou of malo,laldehydc. A high correlation of 
TBA nunlbers with rancid odor in cooked meats was 
established. 
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Search for New Industrial Oils. II. Oils with High Iodine Values 
F. R. EARLE, T. A. McGUIRE, lEAN MALLAN, M. O. BAGBY, and I. A. WOLFF, Northern Regional Research 
Laboratory, 1 Peoria, Illinois; and QUENTIN ]ONES, Crops Research Division, ~ Beltsville, Maryland 

MONG TIlE FIRST 87 sanlph~s of seer1 oils analyze(t 
in a progranl  to find new oils of industrial  iln- 
portanee (1), 12 were fomld to have iodine 

values above 180. 
0 n l y  three plant  falnilies, the Cruciferac, Euphor- 

biaceae, and Labiatae, are represellted, and all three 
have previously been known (2, 5) to contain mem- 
bers producing otis with high iodine values. Eight  of 
the 12 species however have not had oil composition 
reported.  Fa i lure  of other plant  families to appear  
in this tabulat ion of oils with iodine values above 180 
may  result  pa r t l y  f rom the limited number  of samples 
thus fa r  analyzed. I t  may be expected that  addit ional  
oils with high iodine values will be discovered and 
that  other p lant  families will be represented as addi- 
tional seed materials  are examined. 

The Cruciferae (mus ta rd  family)  include some 300 
genera and 3,000 species (3). The rapeseed and mus- 
ta rd  seed oils f rom this family  are famil iar  items of 
commerce. Oil composition has been repor ted  in the 
l i tera ture  for  sonic 30 species of Cruciferae, and the 
presence of erucie acid is characterist ic of the family.  
The two representat ives of the family  in this repor t  
belong to Hesperis and Matthiola, genera which con- 
tain some 25 and 50 species, respectively. T h e  only 
previously analyzed oil f rom these genera was f rom 
H. matronalis. There are almost 75 other species 
which may  be explored with the expectation of find- 
ing some with improved oil compositiou, increased 
seed yield, more desirable plant  form, and wider 
cliniatic adaptabi l i ty .  

This is a laboratory of the Northern Utilizatlon Research and De- 
velopment I)ivision, Agricultural Research Service, U. S. Department  
of Agriculture. 

2 Agricultural Research Service, U. S. Department  of Agriculture. 

The Euphorbiaccae (spurge fanlily) are a large 
family of some 280 genera aud 8,000 Sl)etdes. The 
plant  types are quite varied, ranging fronl pros t ra te  
herbaceous weeds to cactus-like trees. The best known 
commercial oils f rom this group are tung and castor 
oils, which have special value because they contain 
s t ructures  not present  in the more common oils. Only 
about 60 species f rom the entire family  and about 15 
of the 1,000 species in the genus Euphorbia have been 
analyzed for  oil composition. 

The Labiatae (mint  family)  include some 3,000 
species, of which about 60 are grown in gardens in this 
country  as ornamentals  or as kitchen herbs. Perilla 
is the pr incipal  representat ive of the family  among 
industrial  seed oils, but published analyses for  some 
15 other species (2, 5) indicate that  several should 
produce oils of similar d ry ing  quality. 

Materials and Methods 
The source of seeds, the method of p repar ing  oils, 

and the methods of analysis have been described pre- 
viously (1). Methods presented by  Gardner  (4) were 
used to determine fihn hardness and dry ing  time. 
Fi lms of oil nlodified by the addit ion of 0.015 g. of 
mixed drier  (24% lead, 6% cobalt, and 65/o manga-  
nese naphthenates)  were put  on microscopic slides. 
Those for the drying-t ime test were touched repeatedly  
with the finger to determine when the film had set to 
touch. The fihns for  the hardness test were aged two 
days, then tested with a series of drawing penci l s  of 
g radua ted  hardness to determine the softest one which 
would scratch the film. Viscosities were determined 
by using the Gardner -Hold t  Bubble Viseometer. 


