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ABSTRACT. Modern i n t e r m e d i a t e  m o i s t u r e  ( IM )  meats  a r e  a 
p o t e n t i a l  means o f  p r e s e r v a t i o n  where  s t o r a g e  and 
d i s t r i b u t i o n  f a c i l i t i e s  a re  not  a v a i l a b l e .  L i p i d  o x id a t i o n ,  
o r  development o f  r a n c i d i t y ,  i s  one o f  the  major problems 
found in  such products .  On the  o th e r  hand, i t  i s  known th a t  
c e r t a i n  s p i c e s  possess  a n t i o x i d a t i v e  a c t i v i t y .  Thus t h i s  
study was des igned  t o  e v a lu a t e  c h i l l i e  powder, cumin, c l o v e s  
and b la ck  pepper as a n t i o x id a n t s  in  IM pork meat. Samples 
were prepared  from pork Longiss imus d o r s i  muscle;  trimmed o f  
a l l  v i s i b l e  f a t  and ground. IM w ate r  a c t i v i t i e s  (a  ) were 
o b t a i n e d  by th e  a d d i t i o n  o f  N a C l , g l u c o s e  o r  s u c r o s e .  
Samples w i t h  added s p i c e  ( 1%) w e re  l o o s e l y  wrapped  w i t h  
p o l y e t h y l e n e  and s t o r e d  f o r  f o u r  days  a t  4 ° c . W ater  
a c t i v i t y ,  pH and r a n c i d i t y  w ere  measured a f t e r  s t o r a g e .  
R a n c id i t y  was expressed  as mg o f  malonaldehyde per  Kg o f  
sam p le  by means o f  t h e  t h i o b a r b i t u r i c  a c i d  ( TBA) t e s t .  
R e s u l t s  showed t h a t  c l o v e s  w e re  t h e  most e f f e c t i v e  
a n t i o x id a n t s  f o l l o w e d  by c h i l l i  powder and b la ck  pepper.  
Cumin_ showed l i t t l e  e f f e c t i v e n e s s  as a n t i o x id a n t .  Sodium 
c h l o r i d e ,  sucrose  and g l y c e r o l  were e f f e c t i v e  in  l o w e r in g  a , 
though a t  h igh  c o n c e n t ra t io n s  (15%, 62%, 36%, r e s p e c t i v e l y Y .  
NaCl enhanced the  deve lopment o f  r a n c i d i t y .
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SUMMARY: Black pepper,  c h i l l i  powder, c l o v e s  and cumin were
t e s t e d  as a n t i o x i d a n t s  in  bo th  f r e s h  and i n t e r m e d i a t e  
Moisture  ( IM) ground pork. Low w a te r  a c t i v i t i e s  (a w=0.85)  
we r e  a t t a i n e d  e m p lo y in g  N aC l ,  g l y c e r o l  and s u c r o s e  as 
humectants. I t  was found th a t  c l o v e s  had the most e f f e c t i v e  
an t i o x i d a t i v e  e f f e c t  f o l l o w e d  by c h i l l i  powder and b lack  
Pepper in  both meat systems. Cumin had l i t t l e  a n t i o x i d a t i v e  
A c t i v i t y .  NaCl was found t o  be more e f f e c t i v e  in  l o w e r in g  aw 
than g l y c e r o l  and sucrose ,  however, t o  ach ieve  the  d e s i r e d  a^ 
1t  markedly enhanced r a n c i d i t y  (exp ressed  as TBA numbers). 
^11 humectants were r e g u i r e d  in  l a r g e  amounts.

INTRODUCTION: I n t e r e s t  in  meat p r e s e r v a t i o n  f o r  d e v e lop in g  
c o u n t r ie s  has in c reased  in  r e c e n t  y ea rs .  The small  number o f  
Animals, the  la ck  o f  s u i t a b l e  hand l ing  as w e l l  as s t o ra g e  and 
d i s t r i b u t i o n  f a c i l i t i e s  p r e v e n t  meat and meat p r o d u c t s  
r e a c h in g  th e  t a b l e  o f  many f a m i l i e s .  F u r th e rm o re ,  th e  
t e c h n o l o g y  and equ ipm ent  needed  a r e  e x p e n s i v e ,  wh ich  
d im in ishes  the  a v a i l a b i l i t y  o f  such food  products  even more. 
In te rm ed ia te  m o is ture  ( IM) meats o f f e r  a p o t e n t i a l  s o lu t i o n  
and have been s tu d ied  o ve r  the  l a s t  30 y ea rs .

Some p rog ress  has been made towards both understanding and 
d ev e lop in g  IM meat, however, more knowledge i s  needed to  
^anu fac tu re  f u l l y  s t a b l e  IM meat products .  On the o th e r  
y a n d , consumers in  g e n e r a l ,  s e e k  h e a l t h i e r  f o o d ;  t h i s  
in v o l v e s  the  use o f  n a tu r a l l y - o c c u r r in g  substances in  meat 
Products and not s y n th e t i c  o r  n o n - n u t r i t i v e  ones. I t  was,
rhus, o f  i n t e r e s t  t o  know whether the n a t u r a l l y - o c c u r r in g  
compounds in  s p i c e s  a re  a b le  t o  i n h i b i t  o r  r e ta r d  the 
d e v e lop m en t  o f  r a n c i d i t y  in  IM p o rk ,  where  due t o  l o n g  
s to rage  p e r i o d s ,  l i p i d  o x id a t i o n  i s  a problem l i k e l y  t o  be
Present.

study was d i v id e d  in t o  th r e e  s ta g e s .  In  the  f i r s t ,
E f f e c t i v e n e s s  o f  sp ic e s  on f r e s h  minced pork was t e s t e d ;  in  
the second, the  r e q u i r e d  amount o f  d i f f e r e n t  humectants was 
s t a b i i s h e d  in  o rd e r  t o  ob ta in  a water  a c t i v i t y  (aw) o f  0.35 
v h ic h  c o r r e s p o n d s  t o  th e  maximum l i m i t  a c c e p t e d  f o r  IM 
Products ( P o t t e r ,  1970; Heidelbauch e t  a l . , 1975; Robson,

976 ) .  In  the  f i n a l  s ta g e ,  a low a^ product c o n ta in in g  s p i c e  
^as prepared t o  e s t im a te  the  a n t i o x i d a t i v e  a c t i v i t y  o f  s p ic e s  
ln in te rm e d ia te  m o is ture  pork.

^ATERiALS AND METHODS : Pos t  r i g o r  Lonaissimus d o r s i  from 
Perk c a r c a s s e s  was o b t a i n e d  from th e  U n i v e r s i t y ' s  

faugh te rhouse . The meat was trimmed o f  a l l  v i s i b l e  f a t  and 
c n n e c t i v e  t i s s u e  and ground in  a 3-MK-4 Kenwood mixer (4 mm 
lam eter  p l a t e ) .  Th is  procedure  was f o l l o w e d  in  a l l  th r e e  
t a ges o f  the  exper iment .

Staage  i .  T e s t in g  Sp ices  as A n t io x id a n t s .  Ground b lack
gepper and c h i l l i  powder were added (1%) t o  d i f f e r e n t  lOOg 

atches  o f  meat, l e a v in g  one batch blank as a c o n t r o l .  Each 
°h was manually mixed u n t i l  homogeneous d i s t r i b u t i o n  o f  the

8 9 7



s p ic e  was ach ieved .  They were then d i v id e d  in t o  4 samples, 
spread e v e n ly  in  a sample t r a y  t o  a depth o f  1.5 cm and 
l o o s e l y  wrapped w i th  oxygen permeable p o ly e th y l e n e .  Al* 
samples were s t o r e d  f o r  4 days a t  4°C (W i t t e  e t  a l .  , 1970»
Rhee e t  a l . , 1983).
Ground cumin and ground c l o v e s  were t e s t e d  f o l l o w i n g  the  saw 
p r o c e d u r e .  L i p i d  o x i d a t i o n  and pH w ere  measured before 
adding s p ic e s  and a f t e r  the  s t o ra g e  p e r io d .

Stage 2. Preparation o f  Intermediate Moisture Pork. Batched 
o f  trimmed minced pork were mixed w ith  e i t h e r  sodium ch lo r id e  
o r  g l y c e r o l  o r  s u c r o s e  ( a l l  a n a l y t i c a l  g r a d e )  in  the 
p rop o r t io n s  shown in Tab le  1 t o  produce fou r  lOOg l o t s .  
one was d i v id e d  in t o  two ( t o  d u p l i c a t e  r e s u l t s ) ,  l o ose ly  
wrapped and s to r e d  f o r  24 hours (Obanu e t  a l .  , 1975, Obanu 
a l . , 1975a) a t  4°C. Water a c t i v i t y  and l i p i d  o x id a t i o n  wer 
measured b e f o r e  adding the  humectants and a t  the  end o f  the 
s t o ra g e  p e r io d .

TABLE 1. C o n c e n t r a t i o n  o f  hum ectants  
t e s t e d  t o  a c h i e v e  an aw=0 .8 5  in  m inced  
p o rk .

NaCl (%) Sucrose (%) G ly c e r o l  (%)

0 0 0
5 10 10

10 15 15
15 20 20
20 25 25
25 30 30
30 35 35
— 40 40
— 45 45
— 50 50
— 55 55
— 60 60
— 65 - -
— 70

• • • 3^Stage 3. Intermediate Moisture Pork Containing Spices 
Antioxidants. Black pepper,  c l o v e s  o r  c h i l l i  powder (1%) we 3 
added t o  meat a t  an aw=0.85, g e n e r a t in g  n ine samples l 
s p ic e s  x 3 humectants) and a c o n t r o l .  A l l  ten  samples ye .  ̂
l o o s e l y  wrapped and s t o r e d  a t  4°C f o r  4 d a y s .  
o x i d a t i o n ,  w a t e r  a c t i v i t y  and pH were  measured 
qu ad ru p l ic a te  a t  the  end o f  the  s t o ra g e  p e r io d .

pH was measured us ing  a g l a s s  e l e c t r o d e  and b u f f e r s  a t  
and pH 7.
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t i p i d  o x id a t i o n  was es t im ated  using the  2- t h i o b a r b i t u r i c  ac id  
(TBA) t e s t  ( T a r l a d g i s  e t  a l . , 1960) m od i f i ed  by Hoyland and
a y l o r  ( 1 9 8 9 ) .  The TBA v a lu e  Was e x p r e s s e d  as mg o f  

halonaldehyde per  Kg o f  sample us ing the  convers ion  f a c t o r  
(T a r la d g i s  e t  a l . ,  1960) f o r  t h i s  p a r t i c u l a r  system (K=12. 7 ) :

TBA va lu e  (mg malonaldehyde/Kg sample) = ° - D-saitlpxe x 12.7

Water a c t i v i t y  measurements were made w ith  a Decagon CX-1 
Water A c t i v i t y  System tempered a t  25°C.

j ^ - a t i s t i c a l  A n a ly s i s  was c a r r i e d  out in  a l l  data us ing  a 
ataLab Manager ( EMF So f tw are ,  1984) computer program. The 

c°n f id e n c e  i n t e r v a l s  used were p<0.05 and p<0.01.

RESULTS AND DISCUSSION: S tage  1. Tab le  2 shows the  change 
?;n pH in  the  f i r s t  s ta g e .  D i f f e r e n c e s  were s i g n i f i c a n t  

etween i n i t i a l  (day 0) and f i n a l  (day 4) pH in  the  c o n t r o l s  
sam p les  c o n t a i n i n g  cumin and c l o v e s  ( p < 0 . 0 1 ) and in  

^ampies w ith  c h i l l i  powder (p < 0 .0 5 ) .  However, no s i g n i f i c a n t  
i f f e r e n c e s  were  found on s t o r a g e  in  sam ples  w i th  b la c k  

t a p p e r ,  pH r e m a in in g  c o n s t a n t .  The d e c r e a s e  in  pH was 
y t ' e a t e r  in  sam ples  c o n t a i n i n g  cumin ( p < 0 . 0 1 ) than t h a t  
“ Served in  the  c o n t r o l .
though the pH o f  the  meat c o n ta in in g  c l o v e s  decreased ,  the  

^crease was not s i g n i f i c a n t l y  d i f f e r e n t  (p < 0 .0 5 ) .  That was 
> s°  the case o f  samples c o n ta in in g  c h i l l i  powder, 
th Was thought th a t  such decrements could have been due t o  
. e a d d i t i o n  o f  s p i c e s .  Sp ice  s o lu t i o n s  (1%) were then made 
°  determine t h e i r  pH. The va lues  were: 4.64 f o r  c h i l l i  

Powder; 5.74 f o r  cumin; 6.20 f o r  b lack  pepper,  and 3.92 f o r  
lo v e s .  Th is  e xp la in s  a )  the  decrease  o f  pH in  samples w ith  
h i i i i  powder, cumin and c l o v e s  s in c e  these  were more a c i d i c  
han the o r i g i n a l  p la in  meat, and b) the  maintenance o f  pH 

j/1 samples w ith  b lack  pepper as i t  was l e s s  a c i d i c  than meat.
°Wever, both c o n t r o l s  a l s o  showed lower  pH, which, a lthough 

e°  m i c r o b i o l o g i c a l  a n a l y s e s  were  p e r f o r m e d ,  c o u ld  be 
WhP la ^ned i n tejrms o f  the  m ic r o b ia l  f l o r a  p resen t  in  the  meat 
q e re  no i n h i b i t o r y  e f f e c t  from sp ic e s  ( Sav ik  and Bern, 1983; 
e f hard t ,  1984; Korkzak e t  a d . ,  1988) was p resen t .

Co
innce rn ing  l i p i d  o x id a t i o n  (Tab le  3 ) ,  s i g n i f i c a n t  d i f f e r e n c e s

contTBA numbers were expected between the controls and samples
l i n i n g  s p i c e .  Th is  was observed  in  samples w ith  c l o v e s/ •

P^0.05 ) ,  w ith  b lack  pepper (p<0 .01 )  and w ith  c h i l l i  powder
(P<°.01).
Xj *-he o th e r  hand, r a n c i d i t y  was expec ted  t o  in c rea se  w ith  
® f fS an a11 samples, though t o  d i f f e r e n t  e x t e n ts  due t o  the 
$u e? t  o f  the  p a r t i c u l a r  s p i c e  p resen t .
Bep t i s i n g i y f no s t a t i s t i c a l  d i f f e r e n c e  (p<0 .05 )  was found 
CX Ween the  i n i t i a l  and f i n a l  TBA numbers o f  samples w ith  

what sugges ts  no development o f  r a n c i d i t y ,  
powder and b lack  pepper e x h ib i t e d  i n t e r e s t i n g  r e s u l t s  

TBa  numbers in  samples c o n ta in in g  them decreased  a f t e r  
0f ° r age. Th is  leads  one t o  b e l i e v e  th a t  the  concen tra t ions  

Ger t a i n  c a r b o n y l  compounds d e c r e a s e d .  Obanu and c o 
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workers (1975b) suggested  th a t  such ca rbony ls  cou ld  take  part  
in  fu r t h e r  r e a c t i o n s  so th a t  they  would not be f r e e  t o  r eac t  
w i th  TBA.

Cumin was found t o  have l i t t l e  a n t i o x i d a t i v e  e f f e c t .  Similar 
r e s u l t s  were ob ta in ed  by Ch ipau lt  e t  a l . , (1952, 1955) i t  
l a rd .

TABLE 2*.  I n i t i a l  
d o r s i

and f i n a l  
from pork w ith

pH 's1 o f  minced, 
and w ithout  sp ic e s

trimmed lut- 
( 1%).

C o n t r o l2 C h i l l i 3 Black C o n t r o l2 Cumin2 C lo ve s2
powder pepper

Day 0 5.58 5.58 5.58 6.20 6.20 6.20

Day 4 5.43 5.48 5 .5 8E> 5.86 5 . 724 5.84

TABLE 3*. I n i t i a l  and f i n a l  TBA numbers1 o f  minced, 
trimmed L .  d o r s i  from pork w ith  and w ithou t  added 
s p ic e s  ( 1%).

C o n t r o l2 C h i l l i 2
powder

B la ck3
pepper

C o n t r o l2 Cumin3 Cloves

Day 0 1.24 1.24 1.24 0.17 0.17 0.17

Day 4 5.94 0 . 494

m*cor-.o

0.56 0.33 0 . 205

* Key:
1) Mean o f  f o u r  r e p l i c a t e s
2) S i g n i f i c a n t  d i f f e r e n c e  (p<0 .01 )  between i n i t i a l  and f i n a l  
pH's
3) S i g n i f i c a n t  d i f f e r e n c e  (p<0 .05 )  between i n i t i a l  and 
f i n a l  pH's
4) S i g n i f i c a n t l y  d i f f e r e n t  (p<0 .01 )  t o  c o n t r o l  a f t e r
s to ra g e
5) S i g n i f i c a n t l y  d i f f e r e n t  (p<0 .05 )  t o  c o n t r o l  a f t e r
s to ra ge

Stage 2. F igu re  1 shows the iso therms con s tru c ted  w i th  data 
c o l l e c t e d  in  o rd e r  t o  s e t  the  amount o f  humectant r e q u i r e d  to 
a t t a in  an aw=0.85 in  f r e s h  ground pork meat. I t  can be seen 
c l e a r l y  th a t  NaCl was the  most e f f e c t i v e  humectant, r e q u i r in g  
15% f o r  aw 0.85 a g a in s t  g l y c e r o l  (36%) and sucrose  (62%)* 
However, TBA numbers were f a r  h igh e r  in  meat c o n ta in in g  NaCl 
than w ith  the  o th e r  humectants (F ig u r e  2 ) .
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That NaCl enhanced r a n c i d i t y  i s  supported by the  f in d in g s  o f  
many authors ( Chang e t  a l . ,  1950; Watts,  1962; Love e t  ad . ,  
1971; Greene e t  a l . , 1975; Schwartz e t  a l .  , 1976; Neer e t  
3d-,  1977; Huffman e t  a l . . 1981; Rhee e t  a l . , 1983; Keeton, 
1983). i t  i s  known th a t  i r o n  and haem pigments are  a c t i v e  
P ro -ox id an ts  (Pearson e t  a l . .  1977; Verma e t  a l . ,  1985) and 
the p o s s i b i l i t y  th a t  i r o n  im p u r i t i e s  might have been presen t  
in the  NaCl was in v e s t i g a t e d .  I t  was found th a t  NaCl had 
m° r e  i ron  (<4 ppm) than both g l y c e r o l  (<0.05 ppm) and sucrose 
(<1 ppm). Moskov its  e t  a l .  (1960) po in ted  out th a t  10 ppm o f  
i r o n  can a c c e l e r a t e  r a n c i d i t y .  Whether  t h e  a c c e l e r a t e d  
R an c id i ty  was due t o  the  i ron  conten t  o f  the  NaCl o r  whether 
NaCl causes changes in  the  meat which a c c e l e r a t e  o x id a t i o n  i s  
n° t  c l e a r .

TABLE 4* .  pH1 determined in  minced, trimmed pork (a w=0.85)  
w i th  and w i th o u t  added s p i c e  (1%) a f t e r  4 
s t o ra g e  (4 °C ) .

Con tro l  C loves  Black C h i l l i  Mean3
pepper powder

Nací 5.37 5 .20 5.30 5.22 5.24
Sucrose 5.37 5.31 5.38 5.28 5.33
Glycerol 5.37 5.18 5.33 5.23 5.25

^ean 5.37 5 .2 33 5.34 5 .274

TABLE 5* .  TBA numbers1 determined in  minced, trimmed pork 
( a w= 0 .8 5 )  w i th  and w i th o u t  added s p i c e  ( 1%) 
s t o ra g e  (4 °C ) .

Con tro l  C loves  Black C h i l l i  Mean3
pepper powder

Nací
Sucrose
Glycerol

1.008 
1.008 
1.008

0.356
0.187
0.178

2.046 0.903 1.101
0.188 0.168 0.1814
0.321 0.153 0.2174

^ a n  1.008 0 .2404 0.851 0.408

¡«ST-----------------------------------------
21 ^®an o f  4 replicates 
) Without control

4' Significantly different (p<0 .05 )  to control 
Significantly different (p<0 . 01) to control

days

a f t e r

9 0 1



TB
A 
nu
mb
er
s

FIGURE 1. Effectiveness of humectants in
pork after 24 hours storage (4°C)

FIGURE 2. TBA numbers of pork with
aw = 0.85 attained with 
different humectants.
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Stage 3. The i n i t i a l  pH o f  the  meat was 5.61, and i t  i s  c l e a r  
from Tab le  4 th a t  pH decreased  in  a l l  samples during s to ra g e  

s i g n i f i c a n t  d i f f e r e n c e s  between them. Aga in ,  decrease  
pH i s  an advantage in  meat systems as i t  h e lps  t o  avo id  

m i c r o b i o l o i c a l  growth. U n fo r tu n a te ly ,  such decrements cannot 
e x p l a i n e d  in  t h e s e  te rm s a l s o  b ecau se  o f  th e  low  

a v a i l a b i l i t y  o f  water  ( a w=0.85)  in  the samples. Furthermore, 
i t  has been found th a t  s p ic e s  may i n h i b i t  the  growth o f  
c e r t a in  microorganisms as was mentioned p r e v i o u s l y .
Table 5 shows the TBA numbers determined in  minced, trimmed 
Pork (aw=0.85)  w i th  and w ithout  added sp ic e  (1%) a f t e r  4 days 
s t o ra g e .  Only samples w ith  c l o v e s ,  r e g a r d l e s s  the  humectant 
employed, were s i g n i f i c a n t l y  d i f f e r e n t  (p<0.01 )  t o  the  o th e r  
samples, i . e . ,  c l o v e s  r e t a r d e d  d ev e lo p m e n t  o f  r a n c i d i t y .  
M o re o v e r ,  Herrmann (1981 )  r e p o r t e d  t h a t  c l o v e s  showed 
enhanced a n t i o x i d a t i v e  a c t i v i t y  in  the  dark and a l l  samples 
^ere  s t o r e d  in  dark.
Makatani ( 1988) i s o l a t e d  c e r t a in  substances from s p i c e s ,  a l l  
con ta in in g  s e v e r a l  hydroxy l  groups a t tached  t o  an aromatic  
r ih g .  i t  was suggested  (Gerhard t ,  1984) th a t  such groups 
P l a y  im p o r ta n t  r o l e s  as a n t i o x i d a n t s .  These  o r  s i m i l a r  
substances may a l s o  be p resen t  in  c l o v e s ,  c h i l l i  powder and 
P lack pepper.

Comparing a n a ly s i s  between humectants but w i th in  s p i c e s ,  i t  
was observed  th a t ,  b road ly  speak ing ,  samples in  which aw was 
c o n t r o l l e d  by NaC l , deve loped  r a n c i d i t y  t o  p r a c t i c a l l y  the 
s ame e x t e n t  o f  th e  c o n t r o l  ( p < 0 . 0 5 ) .  On th e  c o n t r a r y ,  
samples c o n ta in in g  e i t h e r  g l y c e r o l  or  sucrose d id  not show 
increased  l i p i d  o x id a t i o n  (p < 0 .0 1 ) .

*n summary, s p i c e s  were found t o  be e f f e c t i v e  a n t io x id a n ts  
ooth in  f r e s h  and IM pork, c l o v e s  be ing  the most e f f i c i e n t  
f o l l o w e d  by c h i l l i  powder and black pepper.  Cumin was found 
To have l i t t l e  antioxidative activity. Hence, i t  i s  p o s s ib l e  
That spice extracts could be used both as a n t io x id a n ts  and as 
Part o f  the seasoning mixture in the  manufacture o f  IM meatProducts.
Resp i te  the  f a c t  th a t  NaC l, g l y c e r o l  and sucrose  d e p le t e d  aw, 

he c o n c e n t r a t i o n s  r e q u i r e d  were  h i g h ,  t h e r e f o r e ,  i t  i s  
Suggested th a t  b lends o f  humectants might be in v e s t i g a t e d  t o  

lnd a more s u i t a b l e  m ix ,  which  c o u ld  l o w e r  th e  aw 
E f f i c i e n t l y  and/or w ithout  im par t ing  any u nd es i rab le  f l a v o u r  

e the product ,  tak ing  advantage o f  s a l t ' s  e f f i c i e n c y  and 
g i y o e r o l ' s  c a p a b i l i t y  t o  i n h i b i t  c e r t a i n  m ic r o o r g a n is m s  
' pl i tman  e t  a l . , 1973).
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