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Abstract

European style fermented sausages were made with normal pork, PSE and a 50 : 50 mixture, inoculated
with Lactobacillus plantarum 1-74 and Staphylococcus simulans MIII and ripened for 21 days following
commercial manufacturing procedures. In all treatments, pH droped sharply between 0 and 3 days during
ripening. PSE sausages showed the lowest pH and Aw at the end of ripening than other treatment groups.
Protein solubility, hardness, cohesiveness and chewiness were significantly (P<0.05) low for PSE sausa-
ges. Springiness was the highest for normal sausages but the other two treatment were not different.
PSE sausages had poor texture low redness value during the ripening. The addded sugars apparently
dropped the pH fast in PSE sausages. Total bacterial count and lactobacilli increased from 0 day to the
third day of ripening. The number of Staphylococcus sp. decreased in normal sausages by the end of
the ripening period. Fermented sausages with PSE meat could be produced if the mixture had lower
(<50%) amounts of PSE meat. In addition, added sugar must be reduced to prevent lowering the pH

to a level that will affect processing and quality attributes of fermented sausages.
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Introduction

In some European countries, such as Germany, the
annual consumption of fermented meat products per
capita comprised about 8% of the total meat consum-
ption.? Extension of shelf-life of fermented sausages
is achieved mainly by lowering water activity and de-
creasing pH during ripening. Water activity can be
lowered by addition of salt and dehydration of the
product. On the other hand, pH decline is achieved
by organic acids produced by bacterial breakdown
of glycogen in meat and the addition of sugars. A low
water activity and pH inhibit the growth of spoilage
microorganisms during fermetation and drying.® ®

In addition to inhibition of growth of spoilage bac-
teria, low pH improve the binding capacity of meat,
and fat particles, and improve color.®” Also, low pH
makes the dehydration of fermented sausages easy
as the water holding capacity of the protein decrease
at low pH. In contrast to emulsion making, low pH
is ideal for manufacturing of fermented sausage. The
ideal pH of the raw meat for fermented sausages is
between 5.4-5.8.871% Wirth®® suggested that PSE
meat could successfully be incorporated in making
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of fermented sausage if added in proportions that will
not affect the ultimate quality of the product.

The protein solubility, pH and water holding capa-
city are low in PSE meat. When PSE meat is mixed
with normal meat for the manufacture of fermented
sausage, it reduced the drying time. Also, the sausa-
ges had high moisture diffusion rates as well as ran-
cidity problems.®? The interrelationships of physical
and chemical properties of PSE meat and the quality
of fermented sausages need further investigation.
Honkavaara®? examined attributes of fermented
sausages made with a mixture of PSE meat, beef and
pork fat. He concluded that PSE meat could be mixed
with normal for production of fermented dry sausage
without quality defects. Approximately 50% of the
pork carcasses might have PSE meat in Korea during
summer. So, the utilization of PSE meat in fermented
meat products is an alternative way for meat produ-
s manufacturing. Therefore, the objectives of this
study were to investigate the quality, physiochemical
and microbiological properties of European style fer-
mented sausage.

Materials and Methods
Manufacture of fermented sausage

Pork lean was obtained from carcasses 24 hrs pos-
tmortem. Normal quality of PSE loins were selected
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on the basis of color, structure and firmness.** Nor-
mal pork lean had pH 59-6.0, while the pH of PSE
meat was below 5.5. There dfferent groups of ferme-
ted sausages were prepared. The first group of fer-
mented sausage was manufactured by using only
PSE pork. The second group was processed by using
50% of normal PSE pork and 50% of PSE lean. Only
normal pork lean was used to prepare the last groups
fermented sausage. Four kilograms of fermented
sausage were made at each group. Pork was cut into
small pieces (~4 cm?) and stored — 20T for 2 weeks.
Back fat was frozen at —20C to reduce its moisture
content before cutting pork lean. Then, fat was tem-
pered at —5C for easy cutting just before manufac-
turing. Starter culture was Lactobacillus plantarum
1-74 and Staphylococcus simulans MII (Rudolf M
ller, Germany) which were inoculated at the rate of
10° and 10° cells per one gram of material, respecti-
vely.

The processing of fermented sausages in this
study followed European commercial procedures.
Meat and fat (—5C) were cut in a commercial cutter
(Seydelmann, Germany). Fat was then gradually ad-
ded after the meat was cut. Other ingredients and
starter culture were carefully added and mixed du-
ring cutting (Table 1).

Table 1 shows the amount and percentage of ing-
redients at each group of the fermented sausage mi-
xture. About 350g portions of the mixture were stuf-
fed in securex-fibrous casings, 5.5 cm in diameter
(Walsrode, Germany). After stuffing, sausages were
allowed to ferment and dry for 21 days. Two days
after stuffing, the sausages were smoked at 20C for
3 hrs. The sausages were fermented and dried at 22
C for 95% relative humidity (RH) in first two days.
In next four days, the sausage were fermented and
dried at 15T for 95% RH, and then at 15C for 80%
RH in the rest of the ripening period.

Chemical and physical analyses

All pH measurements were conducted by using the
Knick (No. 654, Germany) pH meter in all samples.
The measurement was done at 0, 3, 7, 10, 14 and
21 days samples during ripening. Two sausages were
removed from each treatment on each sampling day
for pH measurements. On each sausage, pH is mea-
sured on the exposed surface at 5 different locations.
The average of the five pH measurements was used
to determine pH values. Water activity (Aw) of samp-
les measured by using Novasina hygrometer (EEJA-

Table 1. Ingredient percentages and amount of fermented
sausage mixture

Composition Content (%) Amount (g)
Pork (Loin) 66 2640
Speck 30 1200
NaCl 2.7 108
GdL 0.7 28
NaNO, 0.015 0.6
Pepper 0.435 174
Ascorbic acid 0.1 4
Corriander 0.05 2

Starter culture
Lactobacillus plantarum (DSM-Nr. 1952) 10° cells/g
Staphylococcus simulans (DSM-Nr. 1954) 10° cells/g

3/Switzerland) at three different locations of sample.
The hygrometer was standardized by using saturated
solution of BaCl, - 2H,0, NaCl and Mg (NO3), - 6H,
O. The texture measurements of each treatment
were performed at 7, 14 and 21 days using Instron
Universal Testing Machine (Model No, 1140 Instron
Corp., US.A.). Four slices (1.2 cm in thickness) were
obtained to determine the texture from each treat-
ment. The texture measurement was done five times
at each slice. All measurements were expressed for
hardness, springness, cohesiveness and chewiness as
the texture measurements. These analyses were co-
nducted by following the method of Peleg (1976).

Color values were determined by using the color
different meter (UC600IV, Yasuda Co, Japan) equip-
ped with an M head. The color instrument was stan-
dardized with a standard color plate (1.=89.2, a=0.
023, b=0.783). Results were expressed as Hunter L,
a and b values.

Protein solubility were determined at 0, 7, 14 and
21 days by the procedure of Klement et al.®®

Total bacteria count was determinded by plating
on standard 1 agar (Merck) and incubation at 30T
for 48 hrs. Also, the growth of lactic acid bacteria was
determined by using MRS agar (Difco) and incubated
at 25T for 3-4 days. Seletive agar (Difco) and incuba-
tion days were used for the growth of staphylococci
by incubating at 30T for 3 days. On the other hand,
streptococci were evaluated by using KF strepto agar
(Difco) and incubated at 25C for 3-4 days. The KF
agar is sterilized, cooled to about 60 at which 1%
solution of the antibiotic 2, 3 5-triphenyltetrazolium
chloride was aseptically injected and mixed.

Statistical analyses
Data was subjected to analysis of variance and
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Table 2. Water activity (Aw) in different groups of sausa-
ges with increasing days on ripening

Days NML 50 : 50 PSE
0 0.972* 0.967° 0.961°
3 0.960° 0.958° 0.952°
7 0.955* 0.950° 0.945°
10 0.932* 0.921° 0.915¢
14 0.904* 0.897° 0.892¢
21 0.864* 0.860° 0.847¢

*Values within each row with different superscripts are
significantly different (P<0.05)

mean separation to determine the effect of treatme-
nts (type of lean) and days on ripening on pH, protein
solubility, water activity, Hunte color values and st-
ructural parameters.

Results and Discussion

pH

Fig. 1 shows pH values for fermented sausages
made with normal, PSE and mixture of normal with
PSE during ripening. In this figure, it could be obser-
ved that pH dropped rapidly on the third day of ripe-
ning in all treatments. There was a significant diffe-
rence in pH among all treatments (P<0.05). After mi-
xing of all ingredients, pH of the initial mixture of
normal sausage was 5.9, while that of 50 : 50 mixture
and PSE were 5.75 and 5.50, respectively. The addi-
tion of PSE meat resulted in a significant drop of pH
in the mixture. In the third day of ripening, pH va-
lues was 4.92, 4.79 and 4.68 for normal, 50 : 50 and
PSE sausage, respectively. The pH of PSE sausages
was lowest at the end of ripening period. In contrast
to the findings of this study, Honkavaara"? reported
that the final pH of PSE fermented sausages at the
end of the ripening period were similar to that of
normal meat. It is worth of mentioning that Honka-
vaara''? used beef trimmings in his formulation (36.5
%). The beef he used had a low pH similar to PSE,
which explained the discrepancy between his findi-
ngs and the resuits of this study (Fig. 1). However,
R6del® sampled fermented sausages from different
grocery store in Germany and found that the average
pH was 4.92. This agrees with pH of the normal fer-
mented sausages observed at the end of the ripening
period in this study. PSE sausages have same amou-
nts of added sugar (0.7%) as other treatments. This
might explain that the low pH of PSE sausages obse-
rved at the end of the ripening period could have
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Fig. 1. Changes in pH fermented sausage during ripening

in different sausage groups
A: After mixing in cutter, 0: After stuffing

been in part due to the added sugars.

Water activity (Aw)

At 0 day (after stuffing), the Aw of normal sausage
is the highest while that of PSE is the lowest. Water
activity is significantly different (P<0.05) among all
treatments at each ripening period. However, there
is no significant difference between normal and 50 :
50 mixture at 21 days sample. The lower pH of PSE
meat decreased the sausages water holding capacity
and accelerated dehydration of the sausages during
ripening. Similar results were reported by Townsend
et al.®VY who concluded that sausages made with PSE
pork had significantly (P<0.05) more shrinking than
those of normal pork. Lee ef al.¥’ documented a pat-
tern of water activities for all pork salami similar to
the findings of this study. Large amounts of moisture
must be lost from fermented sausages before a cons-
picuous decrease of Aw can be observed. In PSE sau-
sages, Aw decreased at a faster rate (P<0.05) as ripe-
ning period increased.

Texture

Changes of texture in fermented sausage during
ripening were illustrated in Fig. 2. Hardness increa-
sed (P<0.05) in all sausage groups. Chewiness inc-
reased (P<0.05) until the 14th day of ripening in all
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groups except PSE sausages which showed same va-
lue. From the 14th day to end of ripening, chewiness
decreased at a faster rate in 50:50 and PSE than
in the normal sausage group. Springness decreased
as ripening prologed. Hardness, springiness and che-
winess were higher (P<0.05) at the end of the ripe-
ning period in normal sausages than the other two
treatments which were not very different. Hardness
and chewiness is aiso significantly higher for the no-
rmal sausages at the 14th day of ripening. Cohesive-
ness was not very different among all treatments.
Shear values obtained from Townsend et al.'" were
the lowest for PSE sausages at each drying interval
tested except 21 days. In their study, shear values
increased as drying time increased. Similar results
were obtained from drying intervals between 7 and
14 days. However, the hardness plateaued in all trea-
ments between 14 and 21 days. The results of this
study was similar to those of Townsend ef al."". The
low structure values for PSE sausages in this study
could have been due to its low protein solubility (Fig.
3). Soluble meat proteins played important role as
binding material between fat and meat particles.">'”
Since PSE sausages had the lowest Aw at the end
of ripening, the sausage product is expected to be
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Fig. 3. Changes of protein solubility in fermented sausage
during ripening

crumbly and lack bind.'V On the other hand, the sau-
sages made with normal meat has the highest pH,
protein solubility and hardness. The 50 : 50 mixture
had higher protein solubility and pH than PSE meat
but the structural parameters were not different (P>
0.05) at the end of the ripening.

Protein solubility

Before ripening (after directly stuffing), all treat-
ment had different (P<0.05) protein solubilities (Fig.
3). Protein solubility sharply declined (P<0.05) bet-
ween 0 and 7 days and stayed the same value until
the end of ripening. The decrease of protein solubi-
lity follows a similar pattern to that of pH. Waldlaw
et al."® investigated solubilities of myofibrillar and
sarcoplasmic proteins during ripening of summer
sausages and concluded that protein solubility decli-
ned with ripening. Similar results were reported by
Klement et al.%®. Protein solubility decreased be-
cause acid was formed during ripening by lactic acid
bacteria which lowered the pH and resulted a nonde-
naturing isoelectrical precipitation. Electrostatic for-
ces and hydrogen bonding increase at a lower pH.
A decreases in solubility of about 45% (P<0.01) was
observed for myofibrillar proteins as the pH decrea-
sed from 62 to 559 A similar pattern is evident
among treatments in this study (Fig.1 and 3). Meat
protein solubility must be high to produce good con-
sistency and slicing quality product. As showen in
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Table 3. Hunter color values in fermented sausages
during ripening

Ripening days®

Color value S A
va ausage groups 7 VT
Hunter L Normal 53.8 505° 479
(Whiteness) 50 : 50 56.2° 535" 49.6°
PSE 64.8° 57.3° 53.0°
Hunter a Normal 10.3¢  11L.0¢  11.8°
(Redness) 50 : 50 9.1» 101> 10.6°
PSE 6.5 8.3¢ 9.0¢
Hunter b Normal 8.3 8.2¢ 8.3
(Yellowness) 50 : 50 8.6° 8.7 8.9°
PSE 6.8° 9.0¢ 8.2

?Normal=Normal quality pork, 50 : 50=equal mixture
of PSE and normal pork, PSE = only pale, soft, exudative
pork

®Values within the same column with different supersc-
ripts are significantly different (P<0.05)

Fig. 3, sausages made with PSE meat had lower (P<
0.05) cohesiveness, chewiness and springiness than
normal meat, which is expected a low protein solubi-
lity product.

Color

Hunter color values in fermented sausages for dif-
ferent sausage groups is shown in Table 3. Redness
(a-value) increased (P<0.05) with increasing ripening
intervals in all groups of sausages because the nitric
oxide, formed as a result of the breakdown of sodium
nitrite, reacted with myoglobin to form nitric oxide
myoglobin during ripening. Nitric oxide myoglobin
became concentrated by drying, thus resulted in hi-
gher color a-values. The differences (P<0.05) in a-
values among treatments are more at the 7 day ripe-
ning than at the end of the ripening period. The pig-
ment of PSE sausage, which lost more moisture, be-
came more concentrated at the end of the ripening
period, thus resulting in less differences in a-values
than those shown at 7 days (Table 3). a-values were
10.3, 9.1 and 6.5 for normal, 50 : 50 and PSE sausa-
ges, respectively at the 7 day interval, while at 21
days they were 11.8, 10.0 and 9.0, respectively.

The whiteness (L-value) decreased (P<0.05) with
increasing ripening days in all treatments (Table 5).
PSE sausages had the highest (P<0.05) value while
50 : 50 mixture showed the second higest value at
the end of the ripening period.

Yellowness (b-value) was not different among the
sausage groups at the end of the ripening period.
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Microbial analyses

In all treatments, total bacterial counts and lacto-
bacilli increased by two log during the ripening inte-
rvals from 0 day to 14 days (Fig. 4A and B). They
slightly decreased between the 14 days and 21 days.
Waldlaw ef al.™® observed a similar increase trend
in lactic acid bacteria during the 36 hrs fermentation
of summer sausage. The trends of development of
microflora, in European style fermented sausages
documented by Liicke," is similar to those observed
in this study. PSE sausages had slightly lower total
bacterial counts and lactobacilli than other sausage
group (Fig. 4) because of low pH and Aw.

Staphyloccoci, inoculated as a part of the mixed
starter culture in sausages, decreased slightly with
increased ripening intervals. However, the reduction
is one log cycle in sausages made with normal meat
(Fig. 4D).

Streptococci, which originally present in raw meat
(<107 cells/g), increased rapidly in the first two days
of ripening (10%), then decreased slowly until the end
of the ripening period (Fig. 4D). Except for staphylo-
cocci, all treatment didn’t affect microbial counts du-
ring ripening of fermented sausages. Similar results
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were documented by Lucke.”
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