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Abstract — This study investigated the role of
high pressure processing (HPP) for enhancing
the textural properties of sausages with
reduced-fat and no fat replacement. Sausage
emulsions were prepared with levels of fat
contents from zero to 30%. Experiments were
carried out to investigate the effect of 200
MPa HPP on cooking loss, shear force and the
state of water by low field nuclear magnetic
resonance (LF-NMR). Cooking loss were
significantly reduced (P < 0.05) by HPP.
Textural tests showed that sausages were
exhibited better sensory properties at all
levels of fat content treated at 200 MPa than
control, and shear force of sausages treated at
200 MPa with 20% fat content were similar to
the 30% original fat content. LF-NMR
suggested that HPP significantly changed (P <
0.05) the P, peak ratio of the three water
component. These findings show that HPP
has potential in transforming the free water
(P2,) to immobilized water (P;), resulting in
reduced cooking loss and improved textural
properties of emulsion-type sausages with
reduced-fat content.

I. INTRODUCTION

High pressure processing (HPP), is a
relatively new non-thermal food treatment
that can have beneficial effects on the shelf
life and quality of many products (1). With
consumers’ growing awareness of a link
between diet and health, HPP used in meat
products with low fat content achieved its
aim mainly by stabilizing substantial of

water and fats in a gel-like matrix, resulting
in some properties similar to those observed
at higher fat levels (2). As 200 MPa HPP
appears to be optimal for many functionality
attributes, this pressure was selected for
determining the optimal minimum fat
content in the range 0 to 30% (3). The main
objectives of this study were to investigate
the effects of HPP on eating properties of
sausage formulations with low fat content.

II. MATERIALS AND METHODS

Pork meat from Su Shi group was trimmed
free of connective tissues and excess fat.
The preparation procedures for pork sausage
batters were as followings: added fat levels
were zero, 10, 15, 20 and 30%, protein
levels were maintained constant throughout
by replacing fat with water. 200 MPa
high-pressure processing was carried out in
a 0.3 L capacity 850 Mini FoodLab high
pressure vessel for 2 min at 10°C. In this
work, the raw sausages (with or without
HPP) was termed ‘batter’ and the cooked
batters were termed ‘sausages’. NMR was
tested with meat batters, cooking loss and
shear force were tested with sausages.

The data were analyzed using one-way
analysis of variance (ANOVA), and means
were compared by Duncan’s multiple-range
test at 5% level.

1. RESULTS AND DISCUSSION

The results of cooking loss of the samples
treated with and without HPP with
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increasing fat contents are presented in Fig.
1. The lowest cooking losses of the samples
treated with 200 MPa were at 20 and 30%
added fat where losses were just 4 to 5%.
These results suggested that the application
of 200 MPa pressure with samples
containing 15-20% could have beneficial
effects for reducing cooking loss. In
conclusion, the small but significant (P <
0.05) improvements in yields of emulsion
sausages with lower fat contents found here
with the application of HPP is an important
outcome of this study. In this work,
treatment of the samples at 200 MPa is
likely to dissociate of oligomeric structures
into subunits states and partially unfolded
and denatured monomeric structures, as
reported by Bajovic et al. (4). A similar
effect has been reported for HPP (200 MPa)
of low-fat (4-7%) beef sausage batters
where cooking losses were less than 10%
compared with 30% for control (5).
Recently, a similar beneficial effect of HPP
on reducing cooking loss has been reported
for intact beef steak (6).

20 4

[ 0.1MPa
Wz 200MPa

16 1

12 A

%
/
.
o
/
?

Cooking loss (%)

AN\

10 15 20 30
Fat (%)

Fig. 1. Changes in cooking losses of pork

sausage containing various fat levels in samples

subjected to 0.1 or 200 MPa pressure for 2 min

at 10°C.

Shear force significantly decreased (P <
0.05) with increasing fat levels both in 200

MPa treated samples and control samples in
Fig. 2. Further, there was no significant
difference (P > 0.05) between the 20% fat
content samples and 30% fat content
samples subjected to 200 MPa for 2 min at
10°C. The reduction in shear force was
probably due to partially protein structure
modification, with unfolding and
subsequent folding. Various researches
investigated the effect of high pressure on
textural properties, and the relationship
between water binding and texture
properties, especially at 200 MPa, results
showed that proper high pressure processing
caused depolymerization, solubilization,
denaturation and aggregation in myofibrillar
(7-8).
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Fig. 2. Changes in shear force of pork sausage

having various fat levels when subjected to

pressures of 0.1 and 200 MPa for 2 min at 10 °C

before cooking.

The LF-NMR T, relaxation curves for batter
samples exhibited a multi-exponential
distribution with four distinct water
populations in Tab. 1. T,y and Ty, were
protein-associated water, T,y  was
immobilized water, T,, was free water
(9-11). T,, as the relaxation time of the
predominant water component, decreased its
relaxation time from 90.82 to 75.14, and
from 64.28 to 53.87, respectively at control
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and 200 MPa treated
increasing fat levels.

samples  with

Tab.1. LF-NMR parameters of meat batters with
low fat after treatment at 0.1 or 200 MPa at 10°C
for 2 min.

Fat T2 relaxation times (ms)

% T2b T21 T22
Pressure 0.1 MPa

0  3.19+042°  78.61x4.42°  350.7945.76™

10 257014  70.73+4.41°  351.12+0

15 2.17+0.34°  69.20+3.37°  383.92425.95°

20  2.16+0.46™  63.90+2.72°  389.10+20.65°

30  2.01x0.77°  5258+7.20°  392.02+20.84°

Pressure 200 MPa

0  3.54+044%  8252+151°  337.19+17.27°

10  3.27#0.47%°  70.67+1.86°  351.48+30.02%

15  3.21#0.21*  65.75+1.74°  367.25+22.08%

20 2.39+0.28"™  49.10+4.41%  375.13+24.43%®

30  2.62+0.44° 54.18+3.50°  372.51+17.04%*

Fat Proton compartment sizes (%0)

% P2b I:)21 PZZ
Pressure 0.1 MPa

0 0.63+0.12¢ 74.60+3.417  24.78+3.5°

10 0.78+0.24%  78.37+2.01°  20.86+2.07"

15  0.94+0.22%"  81.35+2.98%  17.73+3.12°

20 1.15+0.21%%  83.80+1.35°¢  14.99+1.42°°

30 1.2240.16™  88.58+4.02°  10.29+0.21
Pressure 200 MPa

0 0.93+0.12°"  78.01+2.27°  21.07+2.35"

10  1.03+0.03°*  83.35+0.55%  15.63+0.55%

15  1.28+0.12°°  86.20£0.98*° 12.53+1.03def

11.87+3.73°
13.79+1.38%

86.82+3.58%
85.14+1.36™

20 1.33:+0.18%
30  1.09+0.07°%

Further, the 200 MPa treated samples were
shorter in relaxation time compared with the
control samples. This revealed that HHP
and increasing fat content both resulted in a
fast relaxation rate for T, indicating that
both 200 MPa HPP and increasing fat
contents could lead to an increase in
relaxation time, resulting in a migration of

water from the loosely bound water (T,,) to
a more tightly bound water (T»;).Compared
with the control, pressure at 200 MPa for 2
min at 10°C caused a significant increase (P
< 0.05) in all fat levels. Further, addition of
fat from zero to 20% significantly (P < 0.05)
increased water population Py, P,y and Py
in samples treated with 200 MPa, but further
additions to 30% fat showed no further
improvement (P > 0.05). These results
suggested that the application of 200 MPa
pressure with samples containing 15-20%
could have beneficial effects for reducing
extra-myofibrillar water to increase bound
water and myofibrillar water, resulting in
altered cooking loss and textural properties.

Iv. CONCLUSION

This study investigated the application of
HPP (200 MPa) at 10 °C for 2 min to
improve textural properties of pork
emulsion sausages with reduced-fat content.
The application of HPP in sausage
emulsions with low fat content exhibited
reduced cooking loss and shear force, as
well as altered water distribution than
control samples at all fat levels, with a large
improvement for the samples having 15%
and 20% added fat. These results indicated
the suitability of HPP for production of
emulsion sausages having low fat content,
with reduced cooking loss and improved
textural properties.
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