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‘ Abstract

Five different commercial fermented sausage (made in Japan, Germany and Italy)
were sampled and used for the isolation of the starter culture,
This study, threfore, would like to evaluate the effect of using Microcueccus sp., Pedio-

coccus sp. and Lactobacillus sp, used, singly, on fermented sausage characteristics,
Bacterial growth of all treatments including the contrel gradually increased up to the
14th day and remained almost constant until the end the 21th days of ripening,

At the last day of ripening, Micrococcus sp, inoculated sausage gave the highest
aminonitrogen followed by the control, On the last day of ripening, redness values of
the three inoculated sausage were essentially similar and higher than the control,

All the TVBN values, however, are still within the acceptable TVBN range,

Sausages inoculated with Micrococeus sp, obtained the highest odor and flavor secores,

General acceptability scores were also higher in inoculated sausage,
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Introduction

- For centuries fermented sausages has heen
produced, initially as a means ol Preservation
and more recently for its particular flavor (Ever-
son et al, 1970} . Product preservation and flavor
development is brought about by the action of

microorganisms, known as starter cultures, on-

meat components and the proper fermentation

fermented sausage, starter culture, ripening, amion-nitrogen,

process. Among the many stater cultures being
used in the manufacture of fermented sausages,
species of Pediocoect, Lactobacilli and Micrococct
are the most widely used,

Lyophilized cells of Pediococcus cerevisiae,

" which is now known as Pediococcus acidilactici,

on a dextrose carrier was the very first commer-
cial starter culture offered to the sausage industry
(Deibel and Niven, 1957), Since then, many
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studies on the vse of several microorganisms and

their effects on processed meat have been done,

Bartholomew and Blumer (1977) used commercial .

Pediococcus cerevisiae as starter culture for
céuntry style hams and found that the total time
required to produce aged hams may be shortened
by the inoculation of P, cerevisiae, Raccach
(1989) found out that LACTACEL 75, a selected
strain of Pediococcus sp., controlled the growth
of S, aureus in the outer surface (0, 1—0, Hem,
depth) of both Genoa sausage and pepperoni
during the fermentation period to attain pH b, 0,
Daly et al (1973) studied the effect of different
starter cultures that consisted of Lactobacillus-
Micrococcus combination (Niskanen and Nurmi,
1976) and suggested that Micrococcus species
were responsible 'for the inhibition fo enferotoxin
production, Christiansen et al (1975 demon-
strated that the pH drop resulting [rom the fer-
mentation of glucose was the most irmportant
factor controlling botulism toxin in fermented
sausages, Vignolio et al (1983) observed that
Argentina salami produced with three selected
groups of two strains each of Lactobacillus plan-
tarum and Micrococcus varians required from
seven to eight days to reach the same organoleptic
characteristics as those produced with traditional
techniques, requiring 14 to 15 days for the ripening
process to be completed,

The presence of microorganisms during the

fermentation process can either be due to chance

and random inoculation of “wild” microorgan-

- isms from the environment (Bacus, 1984) or .

through inoculation of desirable microorganisms,
Most starter inocula that are being used, however,
are commercial-type mixtures of different micro-
organisms, This study, therefore, would like to
evaluate the effect of using Micrococcus sp, ,
Pediococcus sp.  and Lactobacillus sp, .used,
singly, on fermented sausage characteristics,

Materials and Methods

Isolation of starter cultures

Five different commercial fermented sausage

(made in Japan, Germany and Italy) were

sampled and used for the isolation of the starter
culture. Appropriate dilutions were then made
and 1 mf of sample was plated on Standard Meth-
ods Agar (Eiken) for isolation of common bacteria
and another 1 =f on Lactobacillus culture agar
for the isolation of lactic acid bacteria. All the
plates were incubated for 48 hours at 30°C. Rep-
resentative colonies from each plaie were then
picked -up and streaked and stabbed on agar
slants. The slants were also incubated for 48
hours at 30°C. The colonies were then smeared
and fixed on glass slides, Gram’s stained and
examined under the microscope, Mixed cultured
were purified by streaking on previously solidifed
agar plates,

Similar isolates from all the sausages samples
were grouped together and their percentages were
calculated. Groupings of the same isolates were
done on the basis of their morphological charac-
teristics (color on agar slants, size, from of
growth, eic,), Gram’s staining and caialase
reactions by hydroxy peroxide.

Identification of species of Miecrococeus, Lacto-
bacillus and Pediococcus were carried out using
standard physiological teste according to the
Maunal of Methods for General Bacterionlogy
(1981) and Bergey’s Manual for Determinative
Bacteriology, 8 th Edition,

Preparation of starter culture

One loopfull of culture, each from agar slants
of purified Micrococeus sp., Lactobacillus sp,,
respectively, were transferred to tubes containing

10 m# of Trypto-Soy Broth (TSB, Eiken), The
tubes were incubated at 30°C for 48 hours, Each
inoculation TSB was then poured to a flask con-
taining a liter of TSB. The flasks were then incu-
bated at 30°C for 5days. After §days, the cultures
were harvested by centrifugation at 5 °C using

- |
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5, 000r. p. m. for 20 minutes, Afier centrifugation,
the supernatant was discarded and the paste-like
preciptate was-washed with a small amount of
saline, ftransferred to another flask and kept
inside the refrigerator until use,
Fermented sausage preparation

Lean meat of pork was trimmed of all visible
connective tissues, It was then cut into cubes
ground using an electric grinder, The curing
ingredients and species consisting of 1, 9% sedium
chloride, 1. 5% sugar, 0. 3% glucose, 0, 1% NaNQ,
/' NaNQ,, 0, 39 white pepper, 0, 1% Allspice and
0. 1% Mace were applied to the ground meat,
Excpet for NaNQ;,”NaNQ, which was dissclved
in a small amount of water prior to application,
all ingredients were applied in their dried form,
The meat and the ingredients were mixed thor-
oughly with & wooden spatula which was previ-
ously immersed in hot water, After mixing, the
meat mixture was divided into 4 equal portions,
One at a time, Micrococcus, pediococeus and
Lactobacillus starter cultures were mixed with
the first, second and third portions, respectively.
The fourth portion' did not receive any inoculum
and served as the control. Immediately after
inoculation, the mixture was stuffed in Naturin
casings (40 mm, diameter), linked to about 15
¢en long and labeled, The uninoculated sample
was likewise stuffed and linked, All treatments
were then hung inside an incubator set at 20°C, 90
% RH for 2 days, After 2 days, the temperature
and relative humidity of the incubator were low-
ered to 10°C and 30%, respectively, All sausage
links were ripened at these conditions up to 21
days,
Bacterial count

Ten gram sample was transferred to 50 nf sterile
saline and homogenized, One milliliter of sample
was plated onto -Standard Methods Ager plates,
All the plates were incubated at 30°C for 48 hours,
pH measurement

The pH of the fermented sausage was deter-
mined using the TDA pH Meter Model HMA4(S,

pH measurement was done at 3, 7, 14, and 21
days.
Amion nitrogen analysis.

Amion nitrogen contents of fermented sausages
were determined by Formol titration method.
Total volatile basic nitrbgen (TVBN) analysis

Ten gram meat sample from each treatment
was weighed and homogenized with 90 =¢ distilled
water, Into the homogenate, 10 »f of 20% TCA
was added and it was allowed to stand of 15
minutes, It was then filtered using ADVANTEC
filter paper No, 5C, To determine TVBN, micro

- -diffusion plates of CONWAY s unites were used.

Color

Hunter L, a and b values were determined for
all treatmets at time intervals of 3, 14 and 21 days
using JASCO UBest— 50UV VIS Spectrophoto-
meter, ' )
Moisture content

After 21 days ripening periodm, moisture con-
tent of all the samples were determined following
the procedures set by AQGAC (1975),
Water holding capacity

Water holding ca_pacity of the samples were
measured after 21 days of ripening period. It was
determined for all treatments using the Pressed
Method .(30 kg press per 1 £ of sample). Six
pieces of filier paper (ADVANTEC No, 2, 70mn)
was weighed and the weight was recorded, Using
a nylon filter paper, about 1, 0 gram meat sample
was weighed., The nylon filter paper with the
sample was then placed betwen the six pieces of
filter papers and pressed using the Marubishi
Press at 30 kg pressure for 1 minute, After press-
ing, the nylon filter plus the éample were dis-
carded and the six pieces of filter papers were
again weinghed, Water holding capacity was then

calculated as % Free Water using the formula

below :
(weight of fi[ter) (weight of fi]ter)
after pressing /  \ before pressin
Free Water= = 3 - E £
(%) sample weight

— 38 —

X100
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Texture and firmness

Textural properties of the sausages were deter-
mined by cutting sausage samples of each treat-
ment into approximately I X 1 X 1cd, Each
sample was then cut using the Rheometer machine

(Fudokogyo k. k, ). Softness or {irmness of the
sausages were determined by getting the force
needed to cut the 1 X 1 X 1 of meat sample at the
center. Higher force values indicate higher firm-
ness of the meat,
Sensory evaluation

Exactly one week after the last day of ripening
period, the sausages were subjected o sensory
evaluation, The sausage from every treatment
were sliced into approximately 2 mm thick and
randomly served for evaluation to the students
and staff of the Institute of Meat Preservation
uging a fivepoint guality scale scoring, The sau-
sages were evaluated for their flavor, tenderness,

sourness, odor and general acceptability,
Results and discussion

Microflora of commercial, fermented sausage
samples.

Table 1 shows the percent microflora of the
fermented sausages where the starter cultures
used in this experiment were obtained. In the
Standard Methods Agar, Pediococcus species
predominated, followed by the coagulase-negative
Micrococcaceae, Lactobacilli and Micrococei. In

9T

Log 10

3 7 4
Storage Period, Days
Figurel.Bacterial count of femented, dry sausages inoculated with genus name
of Micrococecus, Pediococeus and L actobacitius.

the Lactobacills culture agar, almost the same
types of microorganisms appeared except for
Micrococel, Lactobacillus species were predomi
nantly isolated followed by Pediccoccus species,

Fermented, dry sausages inoculated with isolat
ed cultures of Laectobacillus, Pediococcus and

Micrococeus,

Table 1 .Percent composition of microflora of
commercial fermented sausages. (%)

Isolation microorganisms

Microorganism Standard Methods Lactobacillus Culture

Agar Plates Agar Plates

Microcoeeus sp. 9.29 -
Pediococcus sp 41.88 34.21
Lactobacillussp - 18.60 63.16
angulase-negahve 30.93 2.63
Micrococcaceae

Bacterial count, Bacterial count of fermented,
dry sausages inoculated with species of Micro-
coecus, Pediococcus and Lactobacillus ts presened
in Figure 1, At day 0, initial level of bacteria
in the inoculated samples ranged from 4, (<108
to 4. 0% 107 CFU./ g, with Pediococcus-inoculated
sample obtaining the highest count, Bacterial
counts on Micrococcus and Lactobacillus treat-
ments were almost the same day 0 while the
conirol gave a relatively low bacterial count (870
x10%),

M Micrococeus sp.
W Pediococeus sp.
B Lactobacillus sp.
[Control
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Bacterial growth of all treatments including
the control gradually increased up to the 14th day
and remained almost constant uniil the end of
the 21 days of ripening, It can also be observed
that among the three starter cultures used, Pedio-
coecus species almost always gave the greater
growrth count,

oH. The pH values of the fermented, dry sau-
sages-inoculaied with starter cultures is presented
in Table 2. Micrococcus-inoculated sausages the
highest pH values at all predetermined ripening
intervals, These values almost similar to the
values measured in the control. These results are
quite expected since micrococci, compared with
the other two starter cultures used, do not pro-
duce as much acid so as to lower pH of the mix-
ture, Bacus (1984) stated that Micrécoccus sp,
are poor producer of lactic acid thus usually used
in combination with a *“laciic acid producing,
meat fermenting bacteria”, pH values of sausages
inoculated with Pediococcus sp, and Lactobacillus
sp. on the third day of ripening are similar,
However, from the 7 th up to the last day of rip-
ening, Pediococcus:-inoculated sausages gradually
gave increased pH values while those inoculated
with Lactobacillus sp. decreased the pH of the
sausages. These resulis seem to show the ability
of Lactobacillus sp, used in the experiment to
produce more acid hence lowering meat pH in a
shorter time compared with those of the control
and the other tow starter culture -inoculated

sausages,

Table 2. pH values of fermented,dry sausages
inoculated with Genus name of
Micrococcus. Pediococcus and L ac-

tobacillus .

pH

Treatment Days
3 7 14 21
Micrococcus sp. 5.30 547 5.49 5.57
Pediococcus sp. 5.02 508 511 5.17
Lactobacillus sp. 53.03 4.85 4.81 4.90
Control 518 5,14 5,19 5.25

Amion-nitrogen content. The amion-nitrogen
contents (mg) of the control and incculated dry,
fermented sausages are shown in Table 3, At the
third day of ripening, lowest amion-nitrogen was
observed in the control, Lactobacillus sp, -treated
sausages had slightly lower amion - nitrogen
content compared with the other tow sausages
inoculated with Micrococeus sp, and Pediococcus
sp, All amounts, however, increased as ripening
period langthened for all treatments, At the last
day of ripening Microcaccus-inoculated sausages
gave the highest amino-nitrogen followed by the
control, Amounts of amion-nitrogen are similar
in both sausages with Pediococcus sp, and Lacto-
bacillus sp. These results may be explained by
the amount of proteolysis that occurred during
ripening. The higher amount of amion-nitrogen
in Micrococcus-inoculated sausages may be due
to the ability of these organisms to exhibit pro-
teolysis on proteins since Micrococcus specifically
M. Varians has gelatinase activity (Kocur, 1986).
DeMasi et al {1990) reported that the total free
amino acid concentration in sausages fermented
with M, varians present was approximately 11%
higher than when M, varians was absent, On the
other hand, Pediococcus sp, which are not re-
garded as possessing proteolytic activity (Deibel
et al, 1961) and Lactobacillus sp, both produce
acid during ripening. This fact might explain a
slightly lower amino-nitrogen for both sausages
compared with those of the control and Micro-
coccus-inoculated sausages. Kletter and Baum-

Table 3. Amion nitrogen contents of fermented,
dry sausages inoculated with genus
name of Micrococcus. Pediococcus
and L actobacillus.

amion-nitrogen (ng % )

Treatment Days
3 14 21
Micrococeus sp. 101.76 188.86 304.43
Pediococcus sp. 102.2¢  190.59 270.80
Lactobacillus sp. 97.45 232.80 267.30
Control 84.95 167.30 301.84

_.41 j—
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gartner {1980} stated that rapid development
minimizes proteolytic activity of bacterial origin
and limirts the development of overall flavor ex-
cept acidity. The high aminon-nitrogen in the
conirol samples at the last day of storage was
unexpected since the control did not contain any
inoculum. It is very probable that at the condi-
tions where the sausages were ripened,fermenting
and proteolytic bacterial growht were favored.
This observation can also be seen in Figure 1
showing the almost same bacterial count in the
control as of those with.the inoculated sampled
during the last day of ripening.

Color. Hunter L, a and b color values of the _

fermented, dry sausages with or without starter
cultures are presented in Table 4. Generally, L
(lightness) and b (yellowness) values have a
decreasing trend while a(redness)values increased
with increasing ripening period for all treatments.
Redness color values were lowest in the control

sausages until the last day of ripening. This in-

Table4. Hunter L, a and b color values of
fermented, dry sausages inoculated
with species of Micrococcus, Pedio-
coccus and L actobaciflus .

Day after fermentation
3 14 21

Treatment

" L* {lightness)
Micrococeus sp. 54.45 55.85 54.91

Pediococcus sp. 58.06 57.73 586.21
Lactobactllus sp. 58.41 56.75  54.04
Control 57.02 57.18  55.00 .
a* (redness})
Micrococeus sp. 7.51 - 7.11 7.11
Pediococcus sp. 6.47 6.96 7.41
Lactobactlius sp. 6.24 7.00 7.19
Control 6,15 6.78 6.55
b* {yellowness)
Micrococcus sp. 5.25 4.11 347
Pediococcus sp. 4.50 4.25 3.80
Lactobacillus sp. 4.23 3.23 313
Control 4.17 3.92 2.95

dicates positive action of the starter cultures on
cure color development, On the last day of rip-
ening, redness values of the three inoculated
sausages were essentially similar and higher
than the control.

On the third day of ripening, redness value was
highest for Micrococeus inoculated sausages,
Thereafter, it stabilized until the last day of the
ripening period, It is very interesting to note that
the redness values of the other three treatments
needed at least about 21 days before it increased
to approximately the same redness color intensity
as those inoculated with Micrococcus sp, These
results appear' to show that in terms of color
development in fermented sausages, Microceus
starter culture can achieve a faster color develop-
ment in a much shorter time than either Pedio-
coccus and Lactobacillus starter cultures, This
may be attributed to the ability of Micrococcus
species to reduce nitrates to nitrite, Many sausage
processors utilize Micrococcus sp. specifically for
this purpose, Early researchers depended upon
chance inoculation by more fermentative bacteria
and on the utihization of Micrococcus auranticcus
as a starter culture to reduce nitrate to intrite

(Niinivaara, 1955)., Even now that nitrite cures
are available, many European processors of dry
sausages feel that “cure color development” is
more effective and more stable when Micrococci
are present (Bacus, 1984)',

TVBA, WHC, Moisture and Rheometer reading
values. Table 5 shows the total volatile basic
nitrogen (TVBN) at the last day of ripening and
the water holding capacity (WHC) expressed as
percent free water, moisture content and Rhe-
ometer reading values at 28 days of the fermented,
dry sausages, ’

The highest TVBN (ng%) was measured in the
Lactobacillus - inoculated sausages., TVBN of
Micrococcus and Pediococcus treated sausages
were essentially the same and both values were
lower than those of sausages inoculated with
Lactobacillus sp. The lowest value was observed
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Table b, Total volatile basic nitrogen, water holding capacity, percent moisture content and rheometer
values of fermented, dry sausages inoculated with genus name of Micrococcus, Pediococeus

and Lactobacillus .

Treatment TVBN Free Moisture Rheometer reading

(me%) water(%) (%) ( gram - force / o)
Micrococcus sp. 21.39 2.34 40.40 34.21
- Pediococcus sp. 20.37 2.12 38.32 35.60
Lactobacillus sp. 21.16 ~ 2.12 38.32 35.60
Control 18.31 2.34 42,62 24.89

in the control sausages, All the TVBN values,
however, are still within the acceptable TVBN
range, This indicates that at 21 days of ripening,
dacteria was not extensive enough as to produce
volatile basic nitrogerll, a product which is an in
dication of putrefaction,

The WHC of the sausages after 28 days are very
high, The highest value was measured in sausages
inoculated with Lactobacillus sp. Micrococcus-
inoculated and control sausages have similar
WHC which areslightly lower than those of sau-
sages inoculated with Pediococcus sp. Moisture
content, on the other hand, were almost similar
in the control and Micrococcus sp. -inoculated
sansages. The highest moisture content was

measured in the Pediococcus sp, treatment while
the lowest was in the sausages with Lactobacillus
sp. These results seem to show that water molec-
ules were released more uniformly and slowly,
Moreover, higher WHC and moisture content of
sausages with Micrococcus sp, and Pediococeus
sp, may be related to their ultimate pH (Table
23, It must be noted that the final pH that these

sausages obtained in last day of ripening are still

way above the isoelectric point of the fibrillar
proteins hence more spaces in the dimensional
network of the filaments are still available for
water molecules to occupy. In contrast, Lacto-
bacillus - inoculated sausages obtained a more
lower WHC and moisture content, This again
may be related to the final pH of the product,
Lowering of pH, specifically those pH below the

isoelectric point, will result in less water retaining

capacity (Bacus, 1984), Thus, at pH values lower
than the isoelectric point, water molecules are
more readily released,

The gram-force needed to cut the sausage sam
ples, on the other hand, is higher in incculated
sausages than the control. Lactobacillus-inoculated
sausages appeared firmer than the sausages with
Micrococcus sp, Sausages with Pediococcus sp,
needed lesser gram-force than the sausages with
the other starter cultures, The control obtained
the lowest force values, These firmness results
resulis may be related to the amount of moisture
that was left on the sausages and the extent of
acid production by the organisms, both of which
contributes to the ultimate firmness of the fer-
mented sausages,

Sensory evaluation. Mean sensory scores of
fermented, dry sausages with or without starter
cultures is shown in Table 6, Sausages inoculated
with Micrococeus sp, obtained the highest odor
scores. Control and Lactobacilius - inoculated
sausages were given the same scures while sau-
sages with Pediococcus sp, obtained slightly lower
odor scores in comparison with the other theat-
ments, All odor scores, however, are still in the
acceptable normal odor range of fermented sau-
sages,

Tenderness scores ranged from 2. 63 for sau-
sages with lactobacillus sp. to 3. 25 Pediococcus-
inoculated sausages, Control sausages were given
a score of 3. 0 while those of the Micrococcus-
inoculated obtained a 2.75 average score. The
slightly lower tenderness score of Micrococcus
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Table 6. Mean sensory scores of fermented, day sausafges inoculated with Genus name of Micrococeus,

Pediococeus and L actobacillus.

Inoculated starter culture

Quality

Characteristict Micrococeus Lactobacillus Pediococcus Control
sp- sp. sp.
Odor 3.75 2.88 2.75 2.88
Tenderness 2.75 2.63 3.25 3.00
Flavor 3.38 3.25 3.12 3.00
Sourness 3.25 3.62 - 3.50 3.12
Acceptability 3.56 3.38 3.75 3.00

'0dor ; Tenderness ; Flavor ; General Acceptability :
1-unacceptable; 3—normal; 3—very acceptable

Sourness :
1-wek ; 3—normal; 5-very strong

and Lactobgcillus treatments may be due to the
amount of moisture content that was left in these
‘sausages at the end of the ripening period, It can

be noticed that was the moisture content decreased .

(Table 5),

Micrococeus-inoculated sausages were given

tenderness scores also decreased.

the highest scores for flavor, This is in agreement
with the results obtained for the amount of amion
-nitrogen (Table 3) which amy have contributed
to the acceptable flavor development in the sau-
sages, Sausages with Lactobacillus sp,, on the
other hand, obtained higher [lavor scores than
both the control and Pediocoecus - inoculated
sausages, All the flavor scores are within the
acceptable {lavor range,

Sourness scores of sausages with starter cul-
tures were higher than the control, Lactobactllus
treatment obtained the highest sourness score
followed closely by Pediococcus, These results
‘are quite expected since these two cultures are
producing acid hence contribyting to the sour
taste of the sausages, Micrococcus-inoculated
sausages were slightly sour while contreol sau-
sages obtained the normal sour taste of the fer-
mented sausages,

General acceptability scores were also higher
in inoculated sausages, Overall acceptability
scores were higher in Pediococcus - inoculated

sausages which is slightly higher than the accep
tability scores of sausages with Micrococcus sp,
and Lactobaciflus sp. The control samples ob-

tained the lowest acceptability scores, neverthe- ‘

less, it still falls in the normal acceptable range,
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