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INTRODUCTION

Sodium chloride (NaCl) is an essential
ingredient in processed meat products,

since it can contribute to: (G
solubilization of meat proteins
responsible for the binding and

texture of the cooked product (ii)
providing the typical salty flavour
and (iii) control microbial grwoth.
However, sodium reduction, in the
Western diet, is currently recommended
as a means of decreasing hypertension
and subsequent cardiovascular
diseases. Growing consumer demand for
low salt products has resulted in
extensive research aimed to reduce the
sodium levels in processed meat
products. Some of the ways that have
been suggested to do so, without
adversely affecting the quality of the
meat products include: slight NaCl
reduction, replacing NaCl with non-
chloride salts, the use of phosphates,

altering processing methods (i.e.,
vacuum tumbling, massaging, use of
pre-rigor meat) and/or various

combinations of the above.

Among the non-chloride salts potassium
chloride (KCl) has been indicated as
the most suitable substitute for NaCl.
However, due to off-flavour problems
only partial substitution with KCl is
recommended (Barbut and Findlay,

1989). Phosphate addition can further
reduce the amount of NaCl required
(Ockerman et al., 1978). The
advantages of using mechanical action
basically 1include improvement in
tenderness, increasing colour and
texture uniformity, and reducing
processig time (Pearson and Tauber,
1984) .
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This paper describes the effaﬂsﬂ%
tumbling parameters and ot
substitution on the quality of %=
sodium restructured ham.

METHODS AND MATERIALS

Experimental design deﬂ
A rotatable central composite ()
was used with three variableS® i
tumbling time (6, 8.4, 12, 13- W
18 hr) (X1), (ii) tumbling SPe
11, 17, 23 and 27 rpm) (X2),
$ KCl substitution (0, 15.2, 1ﬁ”
and 75) (X3). This design ¢°
of 6 central, 6 star and }
factorial experiments f 9
treatments. Tumbling was pef U

using intermittent cyCllng wﬂ
min/hr). The minimum and p Wf
number of cumulative revolutio®” .
1050 and 12150, respectively: * ﬂ
KC1l substitution was basirng
producing an equivalent ioniC i

of 2% NaCl (i.e., equival"'nc
strength of 0.342).

Ham preparation (ﬂ%!
Boneless pork muscles mﬂﬁ
membranosus, adductor, bicep® fW%
and semi tendinosus) werer ,D%
through a kidney plate (Ho bz “%
Mills, Ontario), and pork Bj !

ground three times through 2 ﬁ'
plate. Lean pork contalnefac p
moisture, 21.5% protein, 4.2% ds%d
1.1% ash; and pork fat contaif®. &
fat, 37.3% moisture, 3.1% Protateﬁ
0.1% ash. Hams (3.0 kg/tff% 2
were formulated to contain 0°C w%
The raw meat was stored at -2 4af°
needed and then thawed for
2°CF i
1u
The total mass of the curlng ieﬂlp
in each treatment was equiV 1. M‘
15% of the total raw materi? ﬂ
composition  was: 0.012% hoﬂ%;
nitrite, 0.055% sodium ery®t

,
0.25% sodium trlpolyphospha§5 %0

sugar, 0.04% nutmeg and NadJMy
pepper. The variables wereé ’ T
and water. The raw meat VW&

rﬂ‘
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(25 rYaCuUm (67.7 KPa) intermittently
chml“/hr) in a table-top tumbler
. Model 40, Columbus, WI) at 2 C.
N

et
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Deat wag
er
pak) Oa

stuffed into 60 mm
moisture-proof casings

: , Bologna, Italy). Ham
“tq~were cooked in a steam jacketed
E%merast 73-77°C until an internal
g%ked Ure of 69-71°C was reached.
aﬁlfo M was cooled in an ice water
. ¥ 30 min, and stored at 2°C.
g .
C%iiiy heasurement
?W@ig Yield (CY) was calculated by
s?omwg the cooked ham mass by the
HFh&a ham mass. To measure
Q;QEd %e (SH), each ham roll was
% retain hal'f to allow the draining
thrinkag:ed juice for 45 min. The
ae N W§S computed as the ratio of
&er "B8 in the ham mass before and
°°king,

SPec
?lqug?guard Color System (Pacific
Pry ¢ GCo., Model 96, Silver
was used to measure the
Colour. The Hunter Color
ey Vere Parameters of ‘'L’, ‘a’ and
ush°d o Deasured. The centrifugal
Wy to Souton et al. (1971) was
pﬁqty determine water holding

t

(Mg Instro L
o oL 4 0 Universal Testing Machine

gt“&e was used to measure the
s%m%t Profile analysis (TPA)
hole (o7 (Bourne, 1978). Each
1%@m)‘v M in dia. and 1.5 cm in
%aorighf Compressed twice to 75% of
%;ﬁ Speeal height. Cross head and

Un, " °9S were 20 mm/min and 100

espectively. TPA parameters

l 4

'V Sealq
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included hardness (HARD) ,
cohesiveness (COH), elasticity (ELAS),
gumminess (GUM) and chewiness (CHEW).
Warner-Bratzler Shear (WBS) was
determined by measuring the maximum
force (kg) required to shear the
cooked samples. Samples’ dimensions
were similar to the TPA.

The taste panel consisted of 12 to 20
semi-trained judges. They evaluated
the colour (COL), tenderness (TEND),
juiciness (JUIC), saltiness (SALT),
off flavour (OF) and overall
acceptability (OA) of the products.
The ballot used consisted of 15 cm
long horizontal lines (Stone et al.,
1974) where the most desirable
attribute was at the far right side.
Results were obtained by measuring the
distance from the left side of the
scale in cm.

For statistical analysis, the
Statistical Analysis System (SAS 1982)
was used.

RESULTS AND DISCUSSION

Regression models were obtained
without the intercept term. This was
based on the assumption that when
tumbling time (X1), tumbling speed
(X2), and % KCl substitution (X3) all
equal zero, the product can not be
prepared. The following models were
selected based on the tests of
hypothesis concerning the individual
parameters in the second order model.
The significance of each term in the
model met the 20% level. However,
individual terms (X1, X2, X3) were
added if their interaction terms were
significant at 20% level.

Textural parameters

WRg
® < 114 4 X1 +79.8 X2 + 14.5 X3 - 5.4 X1.X3 - 0.97 X1.X3
R?® = 0,985, MSE = 62676 at 15 df.

S degree of freedom for error.
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(1)

df . is coefficient of determination, MSE is mean sum of squares of error,




%2
HARD (N/cm?) = 5.91 X1 + 2.44 X2 - 0.17 X3 - 0.14 X12 - 0.003 X3% - 0.22 Xlkﬂ

+ 0.035 X1.X3
R® = 0.996, MSE = 16.1 at 13 df.
()
COH = 0,028 X1 + 0.012 X2 ~-0.001 X3 - 0.001 X1* --0.001 X1.X2 + 78-5 x1.%3
R? = 0.997, MSE = 2.57E-5 at 14 df.

1
ELAS (cm) = 0.066 X1 + 0.018 X2 + 0.003 X3 - 0.002 X12 - 3.9 E-5 X32 - O'OO(M
X1.X2
R = 0.996, MSE = 1.8E-3 at 14 df.
ﬁ

0
GUM (N/cm?®) = 1.007 X1 + 1.024 X2 - 0.078 X3 - 0.001 X32 - 0.089 X1.X2 + 0'@)
X1.X3
R? = 0.991, MSE = 2.18 at 14 df.
oﬂ

CHEW (N/cm) = 0.904 X1 + 0.484 X2 - 0.055 X3 - 0.024 X12 - 9.94E-4 X3% - 0'@)
¥1.X2 + 0,011 X1.X3
R® = 0.992, MSE = 1E-4 at 13 df.

Functional properties (7
SH(5) = 0.322 X1 - 0.004 X12
R? = 0.862, MSE = 1.88 at 18 df.

CY = 0.124 X1 + 0.042 X2 + 0.0004 X3 - 0.003 X12 - 0.003 X1.X2
R® = 0.997, MSE = 0.005 at 15 df.

WHC of raw ham (5) = 8.06 X1 + 4.00 X2 - 0.18 X12 - 0.06 X2% - 0.17 X1.%2
R = 0.998, MSE = 21.2 at 15 df.

WHC of cooked ham (%) = 3.84 X1 + 3.90 X2 + 0.47 X3 - 0.05 X2% - 0.16 oLl
- 0.04 X1.X3
R = 0.997, MSE = 19.2 at 14 df. )
(¥
L (lightness) = 5.85 X1 + 2.90 X2 - 0.16 X1% - 0.04 X2%2 - 0.12 X1.X2
R = 0.998, MSE = 7.13 at 15 df. )
(¢
a (redness) = 0.114 X1 + 1.076 X2 - 0.030 X22
R = 0.990, MSE = 1.29 at 17 df.

2
b (yellowness) = 0.797 X1 + 0.408 X2 - 0.004 X3 - 0.025 X12 - 0.007 X2 <1ﬁ
s 0,012 X132
R?> = 0.998, MSE = 0.15 at 14 df.

Sensory attributes (ﬁ)‘
Colour = 1.06 X1 - 0.04 X12

R = 0.990, MSE = 0.46 at 18 df. Xf

002
Tenderness = - 0.575 X1 + 0.971 X2 + 0.164 X3 + 0.054 X12 - 0.016 X2 - 0- (ﬂ)‘
= 0.037 X1.X2

R? = 0.984, MSE = 1.57 at 13 df. "
( /
Juiciness = 0.65 X1 + 0.48 X2 - 0.04 X1.X2 ‘

R? = 0.977, MSE = 1.70 at 17 df.
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- 0.005 X1.X3
R® = 0.995, MSE = 0.47 at 13 df.

Off.
F-flavour = - 0.016 X1 + 1.366 X2 + 0.
R*> = 0,983, MSE = 1.88 at 15 df.

%@rall acceptability = 2.085 X1 - 0.069
+ 0.006 X1.X3
. R? = 0.992, MSE = 0.67 at 15 df.
Oc
mezss OPtimization
Moyg 4. ¢ Mentioned regression models
“n ¢ Tresponse surfaces, and thus
?%es: Used to calculate optimum
é%kls Conditions. Some of these
Q%WQSitcan be combined to form
dﬁfﬁk € models. When combined,
b@fmwnt Weight can be given to the
f ex attributes or parameters.
§m®urample, sensory attributes -
%mmUr tenderness, juiciness, off-
Qdﬂ$) and overall acceptability -
la was 20 be combined by giving
whﬁwielght to each attribute. The
tahmgg Composite model (SENS) was
SWS (equation 20)
2 =
§2~0_%éio37 X1 + 2.8126 X2 + 0.1686
. _07g X1% - 0.0554 X2% - 0.0066
2 X1.X2 + 0.0059 X1.X3

Oy, 20

ﬁi' dzti(zo) was maximized using the

waF 5 (l%n Program of Mittal and

lgdhuo 86). The optimum process
8 were X1 = 12.4 hr, X2 =

,tltu;’i' and X3 = 18.3% KcCl

%r”ar ¥ °n and provided SENS = 45.1.

Oth Culations can be performed
¥ models.
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