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Introduction

N it r ite  has been shown to in h ib it  development o f warmed-over f la v o r  (WOF) in 
cooked meat. The mechanism of In h ib itio n  has not been characte rized , 
although a number o f suggestions have been made as to some possib le facto rs 
involved (Pearson, Love and Shorland, 1977). Thus, the present study was 
designed to e luc id ate  the mechanism(s) by which n i t r i t e  prevents WOF 1n 
cooked meat.

M ateria ls and Methods

The study was divided into two stag es. In the f i r s t  stage, the reaction of 
n i t r i t e  alone and in association with reducing or non-reducing add itives and 
synerg ists  o r che lato rs o f heme pigments was u t il iz e d  in a ground beef 
systen . In the second stage o f the study, meat pigment e xtrac ts  (MPE) were 
used Instead o f the ground meat.

Meat system (stage 1)

Beef muscle (LD and BF) sanples weighing about 2 .0  kg were thawed overnight 
and ground tw ice , f i r s t  through a p late  with 0.91 cm holes and then through 
a p la te  w ith 0.48 cm ho les. Each treatment consisted of 50 g meat that was 
mixed with 50 ml o f d is t i l le d  deionized water, 1n which the ad d itives were 
d isso lved to give f in a l le ve ls  as fo llo w s : n itr ite -1 5 6  mg/kg; L-ascorbate-250 
mg/kg; adenosine diphosphate (ADP) - 213.6 mg/kg; sodium tripolyphosphate 
(TP) - 0 .5 *  (w/w); and ethylenediam inetetraacetic acid  (EDTA) - 2* (w/w).
The sanples contain ing n i t r i t e  were cured fo r 24 hr at 4°C.

Pigment e x trac t system (stage 2)

Meat pigment e x trac t was prepared by water e xtrac tio n  o f ground beef as 
outlined by Igene et al_. (1979). The e xtrac t was concentrated using a 
V ir t ls  I I  freezed rTer. The dried MPE was reconstituted  with deionized 
d is t i l le d  water to g ive a concentration o f 1.386g o f meat equivalent (raw 
meat) per m l. Muscle f ib e rs  (res id ue) were also prepared as described by 
Igene et al_. (1979). Table 1 presents the abbreviations used 1n a l l  
subsequent tab les and the corresponding treatm ents.

Cooking

A ll samples were placed in unsealed re to rtab le  pouches and heated in a 
b o iling  water bath to an in te rna l temperature o f 80°C. Storage was at 
4°C fo r 0 , 5 , 12 and 15 days in  stage 1 (meat) and fo r 0 , 7 and 14 days in 
stage 2 (MPE).

Table 2. TBA 
presence

numbers o f o x id iz in g  cooked ground beef as influenced Jy  JJard 
r . _jence or absence o f n i t r i t e .  Values given are means ♦ sta
r. ’ , . 1 1 ___ /. cn\ a K ^ ^

Experimental Treatments

_____ 0

E ffe c t o f storage on TBA numbers 
Davs in  storage at 4°C________
5 12 Z 2

M 0.58 + .09e 1.55 £ .22f 2.78 £ .249 2.83 i

M + N 0.46 ♦ .04e 0.48 ♦ .09e 0.47 £ .03e 0.54 i

M + A 0.53 + .15e 0.60 + .09e 0.45 £ .14f 1.10 t

M + TP 0.48 + -06e 0.45 ♦ .04e 0.45 £ .10e 0.62 *

M + ADP 0.60 + .10e 1.08 £ .13f 1.91 £ .049 2.82 t

M + EDTA 0.54 ♦ .12e 0.36 £ .03e 0.49 £ .02e 0.49 t

M + N + A 0.49 + .13e 0.40 £ .06e 0.47 £ .09e 0.47 +

M + N + TP 0.45 ♦ .04e 0.43 £ .08e 0.44 £ .05e 0.44 +

M + N + EDTA 0.43 ♦ .04e 0.37 £ .06e 0.38 £ .03e 0.44 +

M + N + ADP 0.41 + .03e 0.41 £ .08e 0.44 £ .05e 0.46 t

M + N + A + ADP 0.40 £ .05e 0.42 £ .10e 0.41 £ .06e 0.42 t

.369

.06e

.18f
,13e
.80*
.06e

.09e

.05e

.08e
,07e

.09e

*)Values represent pooled data from ground beef o f LD and BF muscles, eaC 
with dup licate  re p lic a t io n s .

b ) TBA numbers 1n the same row bearing the same le t t e r  are not s ig n if ie d  
d if fe re n t from each other at 5* le v e l .

c )  tba  numbers in the same column bearing the same le t t e r  are not 
s ig n if ic a n t ly  d if fe re n t from each other at 5* le v e l .

d )  See Table 1 fo r meaning o f abbrev iations.

Table 1 . Abbreviations fo r treatments used in a l l  subsequent tab le s .
Level of

Additives

Ground Meat (M) + H20 (co n tro l) 0

M *  N it r ite  (N) 156 mg/kg

M + L-ascorbate (A) 250 mg/kg

M + Sodium Tripolyphosphate (TP) 0.50*

M + Adenosine Diphosphate (ADP) 213.6 mg/kg

M + Ethylened iam inetetraacetlc Acid (EDTA) 2 .0*

or
(same as above)

TBA te s t

The d is t i l la t io n  method o f Tarladg is et aU  (1960) was used to measure 
o x idative  ra n c id ity  by the TBA te s t . The n it r ite - tre a te d  samples required 
the use o f a modified TBA te s t , in which su lfan ilam ide  was added as 
described by Zipser and Watts (1962). The malonaldehyde-TBA colored complex 
was measured in a spectrophotometer at 532 nm, with re su lts  being expressed 
as mg malonaldehyde/kg of meat.

Iron determinations

Total iron was determined in the meat (stage 1) and MPE (stage 2) by the 
method o f S ch rlck e r , M ille r  and Stouffe r (1982), w hile heme and non-heme 
iron were measured using the procedures described by Igene et al_. 11984}.

S t a t is t ic a l  Analysis

TBA values and non-heme iron leve ls  were subjected to an a lys is  of variance , 
with Tukey's te st fo r m u ltip le  comparisons being used to determine the 
s ig n ifica n ce  between and w ith in  treatments (S tee l and T o rr le , 1960).

Resu lts and Discussion

L ip id  oxidation in ground beef

Resu lts with the ground meat system suggest that myoglobin (Mb) is  £2  
p rin c ip a l prooxidant in meat, but that cooking re su lts  in  re le a se  or ^  
from Mb, which cata lyzes oxidation as proposed by Igene et al_. (1 9 'y ' ‘ v6nts 
the other hand, n i t r i t e  appears to s ta b il iz e  the porphyrTn ring  and pr 
the re lease  o f Fe+2 during cooking. Further support fo r th is  theory 
from the fa c t  that the metal che lators (EDTA and TP) also inh ib ited  
ox idatio n .

L ip id  oxidation in MPE

Table 3 presents the re su lts  using the MPE, which are somewhat 
from the ground meat (Table 2 ) . MPE alone showed a s ig n if ic a n t ly  1 gxcep1 
higher ra te  and extent of l ip id  oxidation than a l l  other treatm ents, » 
fo r the sample containing TP, which did not in h ib it  oxidation (Table 
The samples contain ing ADP, muscle residue (2nd co n tro l) and asccmbat 
suffered  from autoxidation . On the other hand, a l l  treatments contai 
n i t r i t e  were protected from o x idatio n .

Resu lts ind ica te  that both the resid ua l l ip id s  and Fe2+ are involved 
o x id a tio n . Since the addition o f n i t r i t e  In h ib its  o x id a tio n , i t  app ® the 
that n i t r i t e  s ta b il iz e s  the muscle membranes as shown by the fa c t  w  less 
muscle residue without added n i t r i t e  underwent some o x idatio n , altnouy 
than was the case fo r the control sample, which contained the muscle 
pigments. This agrees with e a r lie r  work and suggests that n i t r i c  ox« 
react with the unsaturated fa t ty  acids in the membranes (Cassens et aj.-* 
1976).

In te ra c t io n o f n i t r i t e  with fre e  Fe2*

Table 4 presents the re su lts  o f a study designed to e luc id ate  the nat“ J r l t« 
the in te rac tio n  of n i t r i t e  w ith Mb in the meat system. Results demons 
that cooking s ig n if ic a n t ly  ( P < 0 .05 ) increased the proportion o f non-' 
iron in the control but had no e ffe c t upon the non-heme iron leve th*
samples treated with n i t r i t e .  Heating appears to cata lyze  oxidation 
fresh  meat by re leasing  Fe+2 from the porphyrin ring  (Igene et a l_ .,

Table 5 presents s im ila r  information showing the e ffe c ts  of cooking on 
le ve ls  of Fe+2 in MPE. Results show that the leve l o f Fe+< in the 1f,g. 
control (untreated) samples s ig n if ic a n t ly  Increased as a re su lt  of ne« p 
Samples contain ing n i t r i t e ,  ascorbate and ADP had an Increased propor 
Fe+2 a fte r  heating . The sample treated with EDTA also had an increa 
amount of Fe+2 as a re su lt  of heating . Thus, EDTA was not e ffe c t iv e

Table 2 presents the TBA values fo r the d iffe re n t ground meat treatm ents. 
Resu lts ind icate  that the control (meat + water) had the highest TBA values 
at a l l  periods of storage. ADP and L-ascorbate also  exhib ited  a progressive 
Increase in  the ra te  and extent o f l ip id  oxidation during storage. A ll 
other treatments were e s s e n t ia lly  the same and exhib ited s ig n if ic a n t ly  lower 
TBA va lu es . L ip id  oxidation in the control was 4-fold higher than fo r any 
of the treatments contain ing n i t r i t e .  Samples containing EDTA and TP also 
inh ib ited  o x id a tio n , apparently by che lating  the metal ions, e sp e c ia lly  
Fe+2.

Summary

Results ind icate  that n i t r i t e  may in h ib it  oxidation in meat during h^ ofls 
in one of three ways: (1 ) by che lating  or sequestering o f fre e  m e ta 'in|  
in  the meat; (2 ) by s ta b il iz in g  the membrane l ip id s ,  probably by reac fin  
with unsaturated fa t ty  a c id s ; and (3 ) by s ta b il iz a t io n  of the porphyr 
and preventing i t s  breakdown and consequent re lease of non-heme iron . se#  
Although a l l  three methods appear to be involved, the la t te r  mecham 
to be the most Important.
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Table 3.
E ffec t of time in storage and treatments on the mean TBA 
values of cooked meat pigment e x tra c tsa >b»c »d (S .D .) .

Table 5 . E ffe c t o f cooking and treatments on the non-heme iron content 
( ii gFe/g meat) in beef muscle pigment e x tra c ta» b ,c ,d .

^W m e i i U 1 Treatm ents

MPe
+ ^ 0  only

(control)

Storage e ffe c ts  on TBA numbers 
Days in storage at 4 ° C ____

Experimental
Treatments

Total iron
(pgFe/g meat) Non-hene Iron Content

in uncooked E ffe c t o f Cooking
treatments Uncooked Cooked

(Means + S .D .)
0____________________ 7___________________H

0.82 + .06e 1.17 ♦ .1 2e 1.64 + .07f MPE only 12.0 2.74 + .49fghi 3.09 + .  52jk

MPE + N 10.47 2.69 + 46fgh 2.70 + .53fgh
0.47 + .03e 0.29 + .05e 0.44 + -03e

0.83 + .1 3e 0.78 ♦ .119 0.82 + .06e MPE + A 10.82 2.67 + .44fg 3.14 + .50 jk

0.85 + .053 1.41 + ,06f 1.60 + .03f MPE + TP 9.11 2.77 + .42fghi 3.10 + .49jk

0.79 + ,07e 1.10 + .10e 1.51 + .08f
MPE + ADP 11.46 2.58 + .33 f 2.91 + .46ghij

0.77 *  ,06e 0.58 + .04e 0.77 + ,05e

0.63 + .06e 0.46 + .02e 0.66 + .05e MPE + EOTA 12.00 2.92 + .42ghij 3.27 + .51k

0.42 i  .03e 0.27 + ,03e 0.48 ♦ .07e MPE + N + A 10.83 2.14 + .40e 2.57 + .40f

0.43 + .04e 0.38 + ,02e 0.53 + .02«
MPE + N + TP 9.29 2.76 + .36fghi 3.01 + .2 7 i jk l

0.41 + .02e 0.26 *  .01e 0.54 + .04e

0.74 + .05e 0.77 + .02e 1.14 + .03f MPE + N + EDTA 9.02 3.03 + .4 3 ijk 3.21 + .43jk

MPE + N + ADP 10.10 2.49 + .  31f 2.98 + . 61hij

S>«PE
reniT 5 prePared using beef LD muscle. Experimental treatments were 

p icated two tim es.
 ̂̂ Ba
d1Jnumber i n the same row bearing the same le t t e r  are not s ig n if ic a n t ly  

c)t rent r̂ ° m 6aC  ̂ o t ê r at le v e l . 
s i9n ifibers in the same column bearing the same le t t e r  are not

«1)See
can tly  d if fe re n t from each other at 5% le v e l .

Tabl e 1 fo r  meaning o f a b b re v ia t io n s .

^Experim ents were rep lica ted  f iv e  tim es. MPE was prepared using beef LD.

b ) Values the same row bearing the same le t t e r  are not s ig n if ic a n t ly  
d if fe re n t from each other at 5% le v e ls .

c )  Values in the same column bearing the same le t t e r  are not s ig n if ic a n t ly  
d if fe re n t from each other at 5% le v e ls .

d ) See Table 2 fo r meaning o f abbreviations.

Tibl* 4.
E f fe c t  o f cooking and trea tm en ts on the le v e l o f non-heme iro n  
( ugFe/g m eat) in  beef b icep s fem oris m u sc le (a »b»c »d

" ' ’■’ " le n t,] Treatm ents
E ffe c t o f Cooking 

(Mean ± SD)
Uncooked Cooked

Average of 
Treatments 
Over time

M
6.62 + 1.156 10.80 + .189 8.71 + . 09 9̂

N * N
6.65 + .91e 6.80 + .39e 6.73 + .08e

6.52 + .92e 7.92 + .81e 7.22 + .70e
n + Tp

7.35 + .796 8.45 + 1.07e 7.90 + .55ef
" + ADP 6.19 + 2.15e 8.46 *  1.52f 7.33 + 1.15ef

H + EDTA 8.42 + .91e 8.21 + .70e 8.32 + l l f

* * ' * » 7.04 + 1.07e 7.13 + 1.90e 7.09 + .05Sf

M + N ♦ TP 7.17 + 1.23e 8.10 + 1.336 7.63 *  .47ef

H * N ♦ EDTA 6.94 + .83e 8.05 + .936 7.50 + .56ef

M + N + ADP 6.96 + 1.156 7.44 + 1.59e 7.20 + .24e

r®atments were rep licated  four tim es.
J )T,

b) v41ues ,
d1ffe ' n the same row bearing the same le t t e r  are not s ig n if ic a n t ly

c) ent each other at the 5% le v e l. 
alues 4

d1ffe n the same column bearing the same le t t e r  are not s ig n if ic a n t ly  
<n„ ent from each other at 5% le v e l .

See t
ble 1 fo r meaning o f abbreviations.
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