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ABSTRACT: Modern intermediate moisture (IM) meats are a
potential means of ©preservation where storage and
distribution facilities are not available. Lipid oxidation,
or development of rancidity, is one of the major problems
found in such products. On the other hand, it is known that
certain spices possess antioxidative activity. Thus, this
study was designed to evaluate chillie powder, cumin, cloves
and black pepper as antioxidants in IM pork meat. Samples
were prepared from pork Longissimus dorsi muscle; trimmed of
all visible fat and ground. IM water activities () “were
obtained by the addition of NaCl, glucose or sucrose.
Samples with added spice (1%) were loosely wrapped with
polyethylene and stored for four days at 4 Cc. Water
activity, pH and rancidity were measured after storage.
Rancidity was expressed as mg of malonaldehyde per Kg of
sample by means of the thiobarbituric acid (TBA) test.
Results showed that cloves were the most effective
antioxidants followed by chilli powder and black pepper.
Cumin showed little effectiveness as antioxidant. Sodium
chloride, sucrose and glycerol were effective in lowering a.,,
though at high concentrations (15%, 62%, 36%, respectivelyy.
NaCl enhanced the development of rancidity.
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SUMMARY: Black pepper, chilli powder, cloves and cumin were
tested as antioxidants in both fresh and intermediate
Moisture (IM) ground pork. Low water activities (a, =0.85)
Were attained employing NaCl, glycerol and sucrose as
humectants. It was found that cloves had the most effective
antioxidative effect followed by chilli powder and black
Pepper in both meat systems. Cumin had little antioxidative
activity. NaCl was found to be more effective in lowering o
than glycerol and sucrose, however, to achieve the desired a

1t markedly enhanced rancidity (expressed as TBA numbers) .
All humectants were required in large amounts.

L

INTRODUCTION: Interest in meat preservation for developing
Countries has increased in recent years. The small number of
Qnimals, the lack of suitable handling as well as storage and
distribution facilities prevent meat and meat products
Feaching the table of many families. Furthermore, the
teChnology and equipment needed are expensive, which
diminishes the availability of such food products even more.
Intermediate moisture (IM) meats offer a potential solution
and have been studied over the last 30 years.

Some progress has been made towards both understanding and
deVeloping IM meat, however, more knowledge 1is needed to
Manufacture fully stable IM meat products. On the other
.and, consumers in general, seek healthier food; this
Involves the use of naturally-occurring substances in meat

Products and not synthetic or non-nutritive ones. It was,
thuS, of interest to know whether the naturally-occurring
Compounds in spices are able to inhibit or retard the
€velopment of rancidity in IM pork, where due to long
Storage periods, lipid oxidation is a problem likely to be
Present,
The study was divided into three stages. In the first,
€ffectiveness of spices on fresh minced pork was tested; in
€ second, the required amount of different humectants was
Stablished in order to obtain a water activity (8.} 2f 4.85

hich corresponds to the maximum limit accepted for IM
Progucts (Potter, 1970; Heidelbauch et al., 1975; Robson,
1976). In the final stage, a low a, product containing spice
Was Prepared to estimate the antioxidative activity of spices
1N intermediate moisture pork.

MATERIALS AND METHODS : Post rigor Longissimus dorsi from
Ork carcasses was obtained from the University’s

Slaughterhouse. The meat was trimmed of all visible fat and

COnnective tissue and ground in a 3-MK-4 Kenwood mixer (4 mm

dlameter plate). This procedure was followed in all three
dges of the experiment.

Stage 1. Testing Spices as Antioxidants. Ground black
Eepper and chilli powder were added (1%) to different 100g
Atches of meat, leaving one batch blank as a control. Each
Ot was manually mixed until homcgeneous distribution of the
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spice was achieved. They were
spread evenly in a sampl
loosely wrapped with ox
samples were stored for 4 days
Rhee et al., 1983).

Ground cumin and ground cloves were tested following the sameé
procedure. Lipid oxidation and pH were measured beforeé
adding spices and after the storage period.

Stage 2. Preparation of Intermediate Moisture Pork. Batches

of trimmed minced pork were mixed with either sodium chloridé
or glycerol or sucrose (all analytical grade) in the
proportions shown in Table 1 to produce four 100g lots. Each
one was divided into two (to duplicate results), looselY
wrapped and stored for 24 hours (Obanu et al., 1975, obanu et
al., 1975a) at 4°C. Water activity and lipid oxidation wer®

measured before adding the humectants and at the end of the
storage period.

TABLE =13 concentration of humectants
tested to achieve an a, =0.85 in minced
pork.
NaCl (%) Sucrose (%) Glycerol (%)
0 0 0
5 10 10
10 15 15
1% 20 20
20 25 2b
25 3 30
30 35 35
- 40 40
= 45 45
= 50 50
¥ 55 5¢
- 60 €
= 65 o
o 70 _—

Stage 3. Intermediate Moisture Pork Containing Spices ai
Antioxidants. Black pepper, cloves or chilli powder (1%) W€
added to meat at an a, ~0.85, generating nine samplesS (e
spices x 3 humectants) and a control. All ten samples We¥d
loosely wrapped and stored at 4°C for 4 days. Lip}rl
oxidation, water activity and pH were measured *
quadruplicate at the end of the storage period.

pH was measured using a glass electrode and buffers at pH .
and pH 7.
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crease with

t? the other hand, rancidity was
] due to the

e%?s in all samples, though to different
-St of the particular spice present.
uprlsingly, no statistical difference (p<0.05) was found
ween the initial and final TBA numbers of samples with

OVes, what suggests no development of rancidity.

Sllli powder and black pepper exhibited interesting results

StOSBA numbgrs in samples containing them decreased after

0 Age. This leads one to believe that the concentrations
Certain carbonyl compounds decreased. Obanu and co-
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workers (1975b) suggested that such carbonyls could take part
in further reactions so that they would not be free to react
with TBA.

Cumin was found to have little antioxidative effect. Simil{ir
results were obtained by Chipault et al., (1952, 1955) in
lard.

TABLE 2*. Initial and final pH’sl of minced, trimmed L-
dorsi from pork with and without spices (1%).

Control? Chilli3 Black Control? Cumin? Clove52

powder pepper

.58 6.20 6.20 6.20

(83

Day O 5.58 5.58

Day 4 5.43 5.48 5.58° 5.86 5.724% 5.84

TABLE 3*. Initial and final TBA numberst of minced/
trimmed L. dorsi from pork with and without added
spices (1%).

Control? chilli? Black® Control? cunin3 Cloves
powder pepper
Day O 1.24 1.24 N U 13 0517 0.17
4 4 5
Day 4 5.94 0.49 0.78 0.56 0.33 0 .20

* Key:
1) Mean of four replicates
2) Significant difference (p<0.01) between initial and final

pPH’s

3) Significant difference (p<0.05) between initial and
final pH’s

4) Significantly different (p<0.01) to control after
storage

5) Significantly different (p<0.05) to control after
storage

Stage 2. Figure 1 shows the isotherms constructed with data
collected in order to set the amount of humectant required t©
attain an a,=0.85 in fresh ground pork meat. It can be seenl
clearly that NaCl was the most effective humectant, requirind
15% for a, 0.85 against glycerol (36%) and sucrose (62%):-
However, TBA numbers were far higher in meat containing NaCl
than with the other humectants (Figure 2).
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That NaCl enhanced rancidity is supported by the findings of
Many authors ( Chang et al., 1950; Watts, 1962; Love et al.,
1971; Greene et Tal., 719757 Schwartz=et ral ;- 9767 " Neer | et
al., 1977; Huffman et al 1981; Rhee et al., 1983; Keeton,
£983) . It ig known that iron and haem pigments are active
Pro-oxidants (Pearson et al., 1977; Verma et al., 1985) and

?he possibility that iron impurities might have been present
1n the NaCl was investigated. It was found that NaCl had
MOore iron (<4 ppm) than both glycerol (<0.05 ppm) and sucrose
(<1 ppm). Moskovits et al. (1960) pointed out that 10 ppm of
lron can accelerate rancidity. Whether the accelerated
Fancidity was due to the iron content of the NaCl or whether
NaCl causes changes in the meat which accelerate oxidation is
Not clear.

TABLE 4*. pH! determined in minced,
with and without added
storage (4°C).

trimmed pork (a,=0.85)
spice (1%) after 4

Mean of 4 replicates
2) Wi
"1thout control
5}Qnificantly different (p<0.05) to control
Slgnificantly different (p<0.01) to control

301

B AT = 1 o WA
ConErol Cloves Black Ghal la Mean2
pepper powder
Naci 837 5.2( 5.30 5.22 5.24°
Sucrose 5 7 575 5.3 5.28 5.3°4
Glycerol 5.37 5.18 5.33 5,23 5.25
Mean 5.37 5.233 .34 5,274
TABLE s5%*. TBA numbers! determined in minced, trimmed pork
(a,=0.85) with and without added spice (1%)
storage (4°C).
Control Cloves Black Chaicky Mean2
pepper powder
Naci 1.008 0.356 2.046 0.903 1.1014
Sucrose 1.008 0.187 0.188 0.168 0.181,
Glycerol 1.008 0.178 8,521 0.153 0.217
ST LR
Mean 1.008 0.240% 0.851 0.408
*K
e
1) Y

days

after




FIGURE 1. Effectiveness of humectants in
pork after 24 hours storage (4°C)
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Stage 3. The initial pH of the meat was be b6l and it ds clear
from Table 4 that pH decreased in all samples during storage
With significant differences between them. Again, decrease
1N pH is an advantage in meat systems as it helps to avoid
Microbioloical Qt“‘th Unfortunately, such decrements cannot
Pe explained in these terms also because of the 1low

Availability of water (aw~0.85) in the samples. Furthermore,

1t has been found that spices may inhibit the growth of
Certain microorganisms as was mentioned previously.

Table 5 shows the TBA numbers determined in minced, trimmed

35) with and without added spice (1%) after 4 days

Storage. Iy samples with cloves, regardless the humectant

>re significantly different (p<0.0l1) to the other

Samples, qu., cloves retarded development of rancidity.

MOrnovur, Herrmann (1981) reported that cloves showed

€hhanced antioxidative activity in the dark and all samples

Were stored in

pPork fJ,sﬂuﬁ

e f‘u)u,)/p(

7

dark.
) 1solated certain substances from spices, all
eral hydroxyl groups attached to an aromatic

suggested (Gerhardt, 1984) that such groups
nt roles as antioxidants. These or similar
also be present in cloves, chilli powder and

Conparing nalysis between humectants but within spices, ‘it
Was observed at, broadly speaking, samples in which a,, was
Controlled / NaCl, developed rancidity to practically the
Same exte of the control (p<0.05). On the contrary,

ining eilther glycerol or sucrose did not show

oxidation (p<0.01).
N summary, spices were found to be effective antioxidants
Dot fresh and IM pork, cloves being the most efficient
i” 1 ow by chilli powder and black pepper. Cumin was found
~O have little antioxidative activity. Hence, it is possible
that splce extracts could be used both as antioxidants and as
Part of the seas onAnq mixture in the manufacture of IM meat

Product =
Despite the fact that NaCl, glycerol and sucrose depleted ay,
the concentrations required were high, therefore, it 1is
Suggested that blends of humectants might be investigated to
ind a more suitable mix, which could 1lower the a
€fficiently and/or without imparting any undesirable flavour
to the product, taking advantage of salt’s efficiency and
9lycerol’s LdpdbLLle to inhibit certain microorganisms
(Plitman et al., 1973).
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