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^  Heatsnt r a n c i d i t y  d e v e l o p m e n t  
a ^ h l y  and o t h e r  f a t t y  foods is 
 ̂^ b arĵ . m ° n i t o r e d  b y  the 2 - 

t^ tUri-c a c i d  (TBA) test, 
6 d i s t i l l a t i o n  m e t h o d  of 

StUleri ^  Si- (I960). The
ip.r6^cteri m a i°n a l d e h y d e  (Figure 1) 

tea W ^t:̂  the 2 -t h i o b a r b i t u r i c  
pt^6tsit ®ent a n d  the a b s o r p t i o n  
°^tc6(j . °i the c o l o u r e d  c h r o m o g e n  

Q is raea s u r e d  at 532 nm.
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The c o m p l e t e  st r u c t u r e  of the 
c r y s t a l l i n e  a d d u c t  fro m  the 
r e a c t i o n  of the 2 - t h i o b a r b i t u r i c  
a c i d  (TBA) a n d  m a l o n a l d e h y d e  has 
r e c e n t l y  b e e n  d e t e r m i n e d  (Nair and 
Turner, 1984). It was c o n c l u d e d  
that w h i l e  two s p e c t r a l l y  
e q u i v a l e n t  t a u t o m e r i c  s tructures  
we r e  p r e s e n t  (Figure 2), v a r i a t i o n s  
in the c o n c e n t r a t i o n s  of s o l u t i o n  
and the p r e s e n c e  of trace 
c o n t a m i n a n t s  m a y  cause p r o t o t r o p i c  
shifts to favo u r  e q u i l i b r a t i n g  
struc t u r e s  s i m i l a r  to those given 
b u t  b e a r i n g  3 h y d r o x y l  a n d  2 amide 
h y d r o g e n s .
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Figure 2. T a u t o m e r i c  s t r u c t u r e s  of 
2 : 1  a d d u c t  o f  T B A  a n d  
m a l o n a l d e h y d e .

For n i t r i t e - c u r e d  m e a t  products, 
the T B A  test has b e e n  m o d i f i e d  by  
Z i p s e r  a n d  W a t t s  (1962) . These  
a u thors a d d e d  s u l f a n i l a m i d e  to 
c u r e d  m e a t s  p r i o r  to d i s t i l l a t i o n  
in o r d e r  to i n hibit the r e a c t i o n  of 
m a l o n a l d e h y d e  w i t h  the r e s i d u a l  
nitrite. A  d i a z o n i u m  salt was 
p r o d u c e d  a n d  t h u s , they c o n c l u d e d  
that m a l o n a l d e h y d e  p r e s e n t  m a y  be 
d e t e r m i n e d  a c c u r a t e l y  (Figure 3) . 
R e c e n t l y  S h a h i d i  et al. (1985) 
r e p o r t e d  that in the a b s e n c e  of 
r e s i d u a l  nitrite, a d d i t i o n  of 
s u l f a n i l a m i d e  b r i n g s  a b o u t  its own
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F i g u r e  3. R e a c t i o n s  of s o d i u m  
n i t r i t e  w i t h  m a l o n a l d e h y d e  and 
s u l f a n i l a m i d e .

c o m p l i c a t i o n s  b y  r e a c t i n g  w i t h  
m a l o n a l d e h y d e  (Figure 4) . The T B A  
v a l u e s  s o  o b t a i n e d  w e r e  
u n d e r e s t i m a t e d  a n d  therefore, it was 
s u g g e s t e d  that s u l f a n i l a m i d e  be 
a d d e d  to c u r e d  m e a t s  on l y  w h e n  
r e s i d u a l  n i t r i t e  was present.

Figure 4. R e a c t i o n  of s u l f a n i l a m i d e  
w i t h  m a l o n a l d e h y d e .

In this paper, i n t e r a c t i o n  of sodi u m  
n i t r i t e  a n d  s u l f a n i l a m i d e  w i t h  
m a l o n a l d e h y d e  w i l l  be  e x a m i n e d  in 
o r d e r  to s t u d y  the v a l i d i t y  of the
2 -t h i o b a r b i t u r i c  a c i d  test in c u r e d  
m e a t s .

MATERIALS AND METHODS 
Materials
A l l  c h e m i c a l s  u s e d  in this study 
w e r e  r e a g e n t - g r a d e  c o m m e r c i a l  
p r o d u c t s  a n d  w e r e  p u r c h a s e d  from 
Fisher, S i g m a  or A l d r i c h  C h e m i c a l  
C o m p a n i e s . T h e y  w e r e  u s e d  w i t h o u t  
a n y  f u r t h e r  p u r i f i c a t i o n .

• AF r e s h  l o i n  pork, obtaine 
N e w f o u n d l a n d  F a r m  Pr o d u c t s ^  
t r i m m e d  of all of its sur q ,7' 
a n d  was g r o u n d  twice using 
cm  a n d  t h e n  a 0.48 cm plate-

Methods , oi
The d i s t i l l a t i o n  metho ^g 
T a r l a d g i s  et al. (1960) as ®° ̂  t>) 
b y  Sh a h i d i  et al. (1 9 8 7 a ) if 
Z i p s e r  a n d  W a t t s  (1962) waS 
this study.

M o d e l  S y stems
A  s t o c k  s o l u t i o n  of n>al°n^ cetiâ  
p r e c u r s o r  n a m e l y  1 ,1 >-^’ c 
m e t h o x y p r o p a n e  (TMP) . a & 
c o n c e n t r a t i o n  of 0 . 2 2 0  ctd
used. B e t w e e n  0 a n d  1 m eIi0u^
s o l u t i o n  w a s  a d d e d  t 0  . fouil 
d i s t i l l e d  w a t e r  in a 5 0 0  ®i ^0*- (j
b o t t o m  f l a s k  to ma k e  a tota 2 -
o f  97.5 ml. To this s o l ^  #  
ml of 4N  HC1 was added t ^  
m i x t u r e  was d i s t i l l e d  to c° 0c ® 
ml of d i s t illate. A n  a ^
the d i s t i l l a t e  was reacte t ^
r e a g e n t  a n d  the a b s o r b a n c ® ^  ^  
c o l o u r e d  c o m p l e x  so obta
r e a d  at 532 nm. „5 m
In a s e c o n d  set of expeti®® $

■of N a N 0 2 w a s  a d d e d  to eaC 
above s o l u t i o n s  a n d  the Y  ̂
was c o n t i n u e d  as given above'

In a t h i r d  set of expeti®e‘ 
of s u l f a n i l a m i d e  soluti°n 
was a d d e d  to the mal°^ c 0  

p r e c u r s o r  a n d  e n o u g h  s0\ ^ ^ \

n cs- 2fll:

was a d d e d  to the mal co
:roiati0

a total v o l u m e  of 98.5 ^  4tJ $
To this m i x t u r e  1.5 
was a d d e d  and the P r°c^ j e t ’ 
c o n t i n u e d  as d e s c r i b e d  e& e

The f o u r t h  set of e x p e t 1  3 ( 8  ^  
p e r f o r m e d  as those in c 0f 5 

t o g e t h e r  w i t h  the additi 0 ¿oi 
of N a N 0 2 to ea c h  soluti°n 
d i s t i l lation.

Meat S y s t e m s   ̂ 2^*^$
G r o u n d  p o r k  was m i x e d  wl apd A 
w e i g h t  o f  d i s t i l l e d  waCe ¿5
cooked, as such, to arl 
t e m p e r a t u r e  of  7 5 ± 1 °C f°r 
m i n u t e s .
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!iffere s of (up t6nt
% to n —  — -------* ----- j —
a uti0ri) -5 ml of 0 . 2 1 2 4  mg/ral 
ivS dio^.Was a d d e d  a n d  the mi x t u r e^61,, 4

the c o o k e d  meat, 
f o u n t s  of m a l o n a l d e h y d e

Tt, °ff as d e s c r i b e d
* abSo;ï ^ a h i d i  et a l . , 1987a) .

units were corrected 
to the meat itself.îti

teoi, an°ther
^  M  meat- Set o f  e x p e r im e n ts , 
i)4u ISO Was m ixed w ith  20% w a te r
V  s°d ium  n i t r i t e  and
f0? df ao°ked as d e s c r ib e d  above. 
Spi ^e<i N a tio n  p rocedu re  was

^aPi]_ W:*-thou t th e  a d d it io n  o f
w ,  U m i d »-

x ^ 13 DISCUSSION
Hait's of SvaDniari2es the absor b a n c e  
Sfo^ldeh 6 ^ i o b a r b i t u r i c  a c i d  -

tp fQ^ e (TBA-MA) c o m p l e x  at 
icate ® o d e l  systems. Results

£ at a d d i t i o n  of 5 mg  or 
leh s o d i u m  n i t r i t e  to 

CQrilP l e x 6 P r e c u r s or e l i m i n a t e d
tC naldek- - s°dium

t^cates ^  Malonaldehyde.aCt®d l
SU1 ̂  Sodi ° U t e n t i r e l y  w i t h  the  
"• £ahil —  --
. * la*
W .  Prio

f o r m a t i o n  b e t w e e n  T B A
____ ____  This

that m a l o n a l d e h y d e  h a d

V ^ a m i d ,
Ik,
^ > < * 4 “ ° rtk lt6 „ the

Pttrite. A d d i t i o n  of 
e (SA) to the above 

to distillation, 
r e a c t i o n  b e t w e e n

\
ĉlCt Ma -,abSor, almost completely and 

W j  Ve,-. &nce units, although 
tol. close to those of the

Sh-
Nl/^^hyn Suffaui lamide to the 
°f lbCati0ri e Precursor had its own 
Mj. ̂  tfiagg ' ^rior to the addition 
d̂i°V c0]'~rit’ a bright fluorescent°lour 6was observed, thus, 

the formation of
,Neatipg

Psati —  J.UUUÎ
\  t̂op Products of

6a§ent ^S t r u c t ure. A d d i t i o n  of
an amino-

it CU  
t*.is

_ --------
this mixture, unlike

°Ur was present, resulted
,*W, c0hceevelopment. Therefore, 

h 1Vak f e that e i t h e r  the 
6 t ween SA  a n d  M A  was 
or

^ of S ^
S  0lriI1atioTBA r e a gent gave rise to 

tate n °f T B A - M A  complex. At 
^  ri. re sults so o b t a i n e d

Ï S Î 6ci w atr that the p r o d u c t  so 
^  f e of U n s t able a n d  in the

Cçw de
'’"Plejj P r e s s e d  a b s o r b a n c e s  of 

c o m p a r e d  to those ofa s
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the controls. Similar results were 
noted when sulfanilamide was added 
to meat samples which did not 
contain nitrite, as reported 
previously (Shahidi et al. , 1985) 
and as shown in Figure 5. In the 
latter case, a contribution from the 
reaction of the other TBA reactive 
substances such as 2 ,4-alkadienals 
with the TBA reagent to the TBA-MA 
absorption at 532 nm may be expected 
(Kosugi et al., 1988) .

Added NaNOs(ppm)

Figure 5. TBA numbers of nitrite-
cured meats with, .• ; and
without, ▼-------▼ ; sulfanilamide
addition.

In order to convert the absorbance 
units to TBA numbers, generally 
malonaldehyde or one of its 
precursors such as TMP is added to 
meat and the absorbance units due to 
the added MA is related to the 
original amount of malonaldehyde. 
Absorbance increase versus the 
concentration of added MA to meat is 
given in Figure 6. From this

figure, a 
calculated

value 
for the°f 8 1conver vefS 

t r a . n1̂  a t  the absorbance units to cS pe

(mg malonaldehyde equiva^ \ W * 5 
kg sample) . This va . wbgi1
significantly larger (1̂ - s0dî  
meat cured with 150 pp® 0 
nitrite was used. Thia ^  
indicates that part of c ^  d1® 
malonaldehyde was reacted ^  pp®_ 
residual nitrite (about 4 vd
present. When sulfanil^ „ ^
present, the conversion
reduced to about 8.8.

value

/
CONCLUSIONS with
This study together ^ £  A 
previous findings (Sha eC\\0̂ ° i*1 
1985) indicate that TBA 0{
is of limited use ^ c e ^  
determination of t îe
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M.W.tat*idi^ats development in cured
ŝ gg6 Therefore, as we have
^87) ed elsewhere (Shahidi et: al. , 
r̂edô ' tbe content of hexanal, a 
^atg lriant: volatile of cooked 

,may be used as an indicator 
03ttdgt  ̂̂ ty for the evaluation of 
PtoV t s 6 rancidity in cured meat
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