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Abstract The water activity of buffalo meat sausage was
adjusted to 0.88 using humectants and by heat treatment.
Nisin and butylated hydroxyanisole (BHA) were added to
study the shelflife of sausage. The treatments were nisin 100
ppm + BHA 100 ppm (T,); nisin 100 ppm (T,); BHA 100
ppm (T)) and control (T,) without nisin and BHA. The sau-
sages were vacuum packaged in polyethylene terephthalate
(PET-poly) pouch and stored for 7 days at ambient condi-
tions (35 £2°C, 70-80% RH). The pH of sausage increased
during storage whereas the moisture content was higher
in treatment T,. Tyrosine value was lowest (18.1 mg%)
in T,. There was no significant difference among T, and
T,. The thiobarbituric acid reactive substances (TBARS)
number of T, and T, were lower than that of T, and T,.
Nisin and BHA together exhibited a significant inhibitory
effect on total viable count, staphylococcal, streptococcal
and anaerobic counts. There was no significant difference
in the yeast and mould counts among T ~T.. T, had a better
appearance, flavour, texture and overall acceptability scores
up to 5 days. The product (T,) was acceptable up to 5" day
of storage at 35 &+ 2°C and 70-80% RH.
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Introduction

India has buffalo population of about 97.7 million (FAO
2005) and is the major source of red meat for domestic and
export market. Buffalo meat is comparatively cheaper, has
no religious taboo in India and mostly consumed as fresh.
Meat products typically spoil due to microbial growth or
chemical deterioration. The most common form of chemical
deterioration is oxidative rancidity (Kanner 1994), which
can vary greatly from extensive flavour changes, colour
losses and structural damage to proteins (Xiong 1996) to
a more subtle “loss of freshness™ that discourages repeat
purchases by consumers. The most common uses of the
synthetic antioxidants in meat products are for processing
fresh breakfast sausage and for dried products, such as
pepperoni. United States Department of Agriculture (USDA
2000) regulations permit up to 0.01% (based on fat content)
each of butylated hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT) in fresh sausage and up to 0.003%
(based on total weight) each in dry sausage. Nisin, a small
antimicrobial peptide produced by lactic acid bacteria (Hurst
1981), has been tested as a preservative for its antibotulinal
effect on bacon (Calderon et al. 1985) and chicken
frankfurter emulsion (Taylor et al. 1984). There is a limited
information on the effect of nisin on meat products like
sausage. The purpose of this study was to evaluate the effect
of nisin and BHA on quality of buffalo meat sausages stored
under ambient conditions of 35 + 2°C and 70-80% RH.

Materials and methods

Hot boned meat and fat from buffalo carcasses were
collected from corporation slaughter house, Chennai.
They were chilled for 24 h at 4 + 1°C and then frozen to
—18 = 1°C. Frozen meat was tempered at refrigeration tem-
perature overnight before being minced through a 4.5 mm
plate of a meat mincer (OMAS, Model 169789, Electrolux
Food Service, Italy).
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Preparation of buffalo meat sausage: The minced meat
and fat were chopped in bowl chopper (Model MTK 662,
Maschinenfabrik, Germany). The emulsion was prepared by
adding minced meat buffalo meat (80 g), buffalo fat (5 g), re-
fined sunflower oil (15 g), sodium tripoly phosphate (0.3 g),
sodium nitrite (120 ppm), NaCl (2 g), spice mix (1.5 g), green
condiments (4 g), sugar (1 g), egg powder (1 g), soy protein
isolated (3 g), sodium lactate (2 g) and ice (7 g) in control
sausage. The BHA (100 ppm) was added for T, nisin (100
ppm) for T, and BHA (100 ppm) and nisin (100 ppm) to T..

Salt, sodium tripolyphosphate and sodium nitrite were
premixed and added to the meat mix. Refined vegetable oil

(sunflower) was cooled to 4°C before adding to the mixture.
During chopping the temperature of the emulsion was main-
tained at 10—12°C by the addition of slushed ice. The emul-
sion was then stuffed into 18-20 mm diameter sheep casing
using a sausage stuffer (Model MWF 591, Maschinenfab-
rik, Germany), linked and kept hung in the hot air oven at
~100°C for 60 min to reach the internal core temperature of
72°C as determined by using probe thermometer.
Packaging and storage: The cooked sausages (with cas-
ings) were vacuum packed using double chamber vacuum
packaging machine (Komet Plus Vac, Germany) in multilay-
er (polyester/ polyethylene pouches of size 6” x 9” with 150
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Fig. 1 Changes in physical and chemical characteristics of buffalo meat sausages during storage at 35 + 2°C and 70-80% RH (n = 6)
T = Control with out nisin and BHA, T = 100 ppm BHA, T, = 100 ppm nisin, T, = 100 ppm BHA + 100 ppm nisin
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gauge thickness) at 20 psi in 5 pouches for each treatment.
The vacuum packaged sausages were served warm to taste
panelists on day zero. The packed sausages were stored at 35
+ 2°C and 70-80% RH. The pH, tyrosine values (Strange et
al. 1977), thiobarbituric acid reactive substances (TBARS)
(Tarladgis et al. 1976), moisture (AOAC 1995) and water
activity (a, (Karthikeyan et al. 2000), total viable count,
coliform count, staphylococcal count, yeast and mould
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count and anaerobic count (APHA 1984) were determined.
Sensory attributes were evaluated by semi-trained panelists
consisting of 5 members using the 9-point Hedonic scale.

Statistical analysis: The experiments were carried out
in six replicates. The significant difference in various
parameters during different storage periods of sausage were
analyzed by multivariate analysis using statistical software
SPSS 13.0 for windows.
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Fig. 2 Changes in microbiological quality (counts in log cfu/g) of buffalo meat sausages during storage at 35 + 2°C and 70-80% RH

(n=16). T,-T,: Asin Fig. 1
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Results and discussion

Physical and chemical characteristics: Highest pH was in
sausages containing BHA alone (T)), while tyrosine and
TBARS values were lowest in sausages containing both
BHA and nisin (T,) (Fig. 1).The a , pH, tyrosine value,
moisture content and TBARS values increased whereas
the shear force values decreased during storage. Aksu and
Kaya (2005) also noticed highest pH in beef sausage when
treated with BHA alone and nisin. Raju et al. (2003) in fish
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sausages noticed lowest tyrosine values when treated with
both BHA and nisin.

The addition of nisin alone (T,) did not alter the TBARS
from that of control. The lowest TBARS values recorded in
the sausages containing BHA (T, and T,) might be due to
the ability of BHA to scavenge the free radical which in turn
retarded the oxidative rancidity (David et al. 1993). The re-
duction in TBARS value was in accordance with Aksu and
Kaya (2005), Biswas et al. (2004) and Rehman and Salaria
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Fig. 3 Changes in sensory quality (counts in log cfu/g) of buffalo meat sausages during storage at 35 + 2°C and 70-80% RH (n = 6).

T,~T,: Asin Fig. 1
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(2006). All the samples except sausages containing BHA
either alone or in combination exceeded the threshold level
of 2 mg malanoldehyde/kg (Watts 1962) on 5™ day of stor-
age, but at the same time the presence of BHA delayed the
oxidative rancidity for 2 more days. The increase in TBARS
value during storage is in agreement with the findings of
Karthikeyan et al. (2000) in caprine keema and Sebranek et
al. (2005) in pork sausage.

Microbiological qualities: Addition of nisin either
alone (T,) or in combination with BHA (T,) significantly
reduced the microbial counts when compared to control
(Fig. 2). This is in agreement with the findings of Raju et
al. (2003) in fish sausage and Sachindra et al. (2005) in
buffalo sausage. Similarly nisin alone controlled spoil-
age in pork (Nattress et al. 2001) and in Bologna-type
vacuum-packaged delicatessen sausage (Davies et al.
1999). Nisin also inhibited bacteria on beef surfaces
(Cutter and Siragusa 1998). Yeast and mould counts were
lower in T ~T, compared to T, (control). Even though
nisin is least effective against yeast and mould (Marianna
et al. 2008), in the present study, the presence of nisin and
BHA cither alone or in combination retarded growth of
yeast and moulds. Chung et al. (1989) found that nisin
in combination with nitrite prevented the growth of Clos-
tridium spp. In the present study also addition of nisin
showed inhibitory effect on anaerobic growth in buffalo
meat sausage (Fig. 2).

Sensory quality: The highest juiciness and overall
acceptability scores were recorded in sausages contain-
ing both nisin and BHA (T,) (Fig. 3). This was in accor-
dance with Das and Radhakrishna (2001). But when used
alone neither nisin nor BHA showed any significant
improvement over the control. The control (T;) and
BHA alone (T,) added sausage samples were acceptable
only up to 3 days of storage, whereas the presence of
nisin (T,) extended the shelf life up to 5 days of storage.
The effect of nisin on the sensory characteristics was
in accordance with Raju et al. (2003) observed in fish
sausage.

Conclusion

Neither nisin nor BHA alone was effective in extending
the shelf life of buffalo meat sausages stored at ambient
conditions and their combination extended the shelf life
of buffalo meat sausages for 5 days when packed in
polyester-polyethylene bags and stored at ambient condi-
tions (35 + 2°C, 70-80% RH).
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