pH-start: pH in the slurry at the beginning of a run. pH-max: the maximum pH recorded during a runp,
pH-min: the minimum pH recorded during a run. pH(1): the pH-difference between pH-start and pH-min,
pH{2): the pH-difference between pH-max and pH-min.

Table 1.pH during fermentation of maltodextrin at 20°c, Table 2.pH during fermentation of maltodextrj

without and with enzyme added. without and with enzyme added. N atig
pH-start pH-max  pH-min  pH(1)} pH(2) pH-start pH-max  pH-min  pH(1) PH(2)

Enzyme Enzyme
added -+ -+ - 4+ -+ - 4+ added -+ -+ -+ -+ -
Culture Culture
A 6.36.5 6.56.5 5.34.8 1.01.7 1.21.7 A 6.3 6.5 6.56.5 4.84.9 1.5 1.6 1y
B 6.3 6.5 6.56.5 4.84.4 1.52.1 1.72.1 B 6.3 6.5 6.56.5 4.6 4.5 1.7 2.0 1.9
C 6.0 6.5 6.16.5 4.94.8 1.11.7 1.21.7 C 6.1 6.5 6.1 6.5 5.04.5 1.12.0 1.4
D 6.1 6.5 6.16.5 4.95.1 1.21.4 1.21.4 D 6.16.3 6.1 6.3 5.04.9 1.1 1.4 1.1
E 6.16.5 6.26.5 5.04.9 1.11.6 1.21.6 E 6.1 6.5 6.1 6.5 5.04.8 1.1 1.7 1.1
Control 6.1 6.5 6.56.5 5.45.0 0.7 1.5 1.1 1.5 Control 6.2 6.5 6.2 6.5 5.25.1 1.00.9 1
Table 3.pH during fermentation of whey permeate Table 4.pH duBing fermentation of whey permeate

at 20°C,without and with enzyme added at 25°C, without or with enzyme added.

pH-start pH-max  pH-min  pH(1) pH(2) pH-start pH-max  pH-min  pH(1) pH{2) .

Enzyme Enzyme
added - 4+ -+ -+ - 4+ = + added -+ - 4+ -+ =+ & o
Culture Culture -
A 6.0 5.9 6.1 6.0 5.55.2 0.50.7 0.60.8 A 6.0 5.9 6.16.0 5.45.1 0.6 0.8 0.7 0,9
B 6.0 6.0 6.0 6.0 5.45.3 0.60.7 0.6 0.7 B 6.0 6.0 6.0 6.1 5.34.8 0.7 1.2 0.7 1,3
C 5.95.9 6.05.9 5.45.3 0.50.6 0.6 0.6 C 5.96.0 5.96.0 5.34.9 0.6 1.1 0.6 1.4
D 5.86.0 5.9 6.0 5.65.4 0.20.6 0.30.6 D 5.9 6.0 5.96.0 5.55.5 0.4 0.5 0.4 0,5
E 5.8 6.0 5.86.0 5.55.3 0.30.7 0.30.7 E 5.9 6.0 5.96.0 5.35.0 0.6 1.0 0.61,0
Control 6.0 5.9 6.2 6.0 6.05.5 0.0 0.4 0.20.5 Control 5.95.9 6.3 6.0 5.85.5 0.10.4 0.50,

The results show that starter cultures in all cases have an effect on the fermentation, regardless which caphm:
hydrate is used, but that adding the appropriate enzymes in connectiop with a fermSntation improves the pH-de~
crease. As could be expected, the overall pH-decrease is higher at 25°C than at 20°C. The results also show 1
at least in the model system, maltodextrin with a certain initial content of glucose, apparantly is fermented
more readily than whey permeate is. This can be observed whether or not enzymes are added. i
The price of enzymes is negligble, £0.05 to £0.15 per 100 kg. of sausage mix.

Evaluation of measurements of the fermented sausages. ’
For all three series the drying loss was 16-18%, and at the end of the drying period the sausages were judge
acceptable, both with regard to texture, colour and flavour. I
The development in pH in the treee series during the drying period are shown in figure 1. It will be seen that
the pH-decrease is also very similar in all three series.

Concluding remarks. e
From the experiments it appears that it I
possible to combine the use of inexpensiv

gﬁA carbohydrates with commerciably availablé
maltodextrin — o — enzymes for the manufacture of fermented.
whey permeate _ , — sausages. .
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Figure 1. pH-development during drying of fermertted sausages.



election of micrococci strains for their use.as starter cultures for dry fermented sausages.

SETERS, 0., ORDONEZ. 7. and SANZ, B. i
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Jtense- 28040 Madrid. Spain.

The manufacturing of dry fermented sausages occurs in three main steps: mixing of ingredients,
Atation and ripening. During the first step, sugar, salt, nitrate and nitrite, spices and other seasonings
ed with the meat and lard and filled into casings. During the fermentation two basic microbiological
ons occur simultaneously which influence each other and are directly dependent upon each other: the
ion of nitric oxide by nitrate and nitrite reducing bacteria (Micrococcaceae) and the decrease of the pH via
ysis by lactic acid bacteria. Both processes are two crucial points of sausages production. Several reviews
“heen putiished1;ggreLUEE: m?gg:?lsms and interactions of these processes are deeply analyzed (Palumbo and
?, EDE. H ) -
a 19?During ripening the sausages lose a 20-40% of their original weigth and lipids and proteins are attacked
symes from meat and bacteria. It is in this step when the product adquires the charasteristic texture and
vour. The specific flavour of a given dry sausage is due to many compounds. Some of them are added to the
gages with the ingredients, others are formed without the participation of microorganisms (e.g. by
jdation reactions) and others are generated as a result of microbial activities on carbohydrates, lipids and
ins. The products of carbohydrates fermentation (lactic acid and small amounts of short-chain fatty acids)
o give to the semi-dry sausages their typical flavour (Liicke , 1984). Lipids are the source of many flavour
unds (aldehydes, ketones, short-chain fatty acids, etc.). Although some of these substances may be formed
aminoacids (Halvarson, 1973), the micrococci seem.to play an important role (Cantoni et al., 1966; Demeyer
; 1973) }hrogghizﬂeig lipolytic gctivities (C?ntoni et al., 1966; Demeyer et al., 1974). Proteins are also
11y hidrelyzed w e consequent increase of non-protein nitrogen mainly as aminoacids (Stanculescu
2 {970] which may be subsequently decarboxilated or deaminated (Dierick yet al., 1974). It has been
strated thqt_iqctobacilli (Reuter, 1971) and micrococci (Moreno and Kosikowski, 1973) are endowed with
lytic activities.
g It may be concluded that organisms play an important role during the processing of dry fermented
es. Thus, if it is expected to obtain a normalized final product it is necessary to control the many
psses ocurring during dry sausages manufacturing. Despite the very large quantity of pork used in Spain for
production of dry fermented sausages (117.000 Tm), most of these products are manufactured by de "natural"
lod, i.e., using nitrate and low amounts of sugar but without adding starters. This study is an attempt to
select sTveEal mé%fogogca ts1):ra1ns for their use as starter cultures. Lactobacilli strains have been selected
ously (unpublished data).
EXPERIMENTAL METHODS.
Sampling.- Initially, the microbial evolution of two batches of sausages manufactured by the "natural"
od was studied. The basic initial sausage mixture contained (% w/w): pork (75-80), lard (5-15), NaCl (3),
i i;_(0.15), KNO3 (0.1), glucose (0.22), phosphates (0.17), dextrine: (1), lactose (1), paprika (1.7), garlic
17), marjoram ~(0.01), ascorbate (0.04), colouring E-124 (0.008). Samples were taken at different ripening

s. A Crison model Digit-501 pHmeter was used to measure the pH.
Y Microbial analyses.- Total viable counts (TVC) were determinated on Plate Count Agar (PCA);
crococcaceae on Manitol-salt agar (MSA), both incubated at 309C for 3 days; lactobacilli were counted on double
RS agar (DIFCO) at pH 5,5 and incubated for 5 days at 309C. The separation between micrococci and
hylococci of organisms growing on MSA was made on a 20% of colonies chosen randomly and subjecting them to
0/F test (Evans y Kloos, 1972) and lysostaphin sensibility (Schleifer and Kloos, 1975).
> The nitrate reduction test was performed qualitatively by the method of Harrigan y McCance (1976) and
titatively by adding different amounts of KNO3 to the medium. The nitrite generated was determined according
he ISO document 2918. The effect of incubation temperature on the growth of isolates was studied by
ulation of 0.1 ml of a 24 hr culture standardized to an absorbance of 0.2 at 600 nm into BHI broth (Difco).
tubes were inoculated at several temperatures (112C, 192C, 259C and 322C) and the growth density measured
nm) at different intervals. The effect of 3, On the growth was performed on nutrient broth (Difco)
sted at defined a, with NaCl by the graphic interpolation method.

... The preparation of exocellular and endocellular enzymatic extracts to study the lipo- and proteolytic
viVities of micrococci was made by the method described by Ordofiez and Ortiz-Apodaca (1977). The lipolytic
tVlFY was studied on agar plates using the basal medium and procedure described by the last authors. Different

Erides (Fluka and Sigma) and fat fraction extracted from pork with chloroform/methanol (2/1) (v/v) were used
Ubstrates at the concentration of 0.06%.
ety The proteolytic activity was studied by measuring the liberated tyrosine from a mixture of enzymatic
o gCt_and substrates (1/3) (v/v). The reaction was stopped after 24 hr at 37°C adding one volume of a 25%
fﬁé loracetic acid solution. A solution of 1% casein (Merck) in phosphate buffer 0.2 M pH 7.5 and other of
“i'tOplasmic protein extracts in 0.14 M KCl were used as substrates.
s RESULTS AND DISCUSSION.
Tons The flora evolution was +similar to that observed in other sausages ripened by the "natural" method,
asisting of a) a stronggincrease -¢f lactobacilli during the first days to get stabilized afterwards at an
ximatively count of 10” u.f.c. g = of meat and b) a decrease of micrococci after they have reached the maximun
b (about "406 u.f.c. g-! ) at the 3rd-5th day. Similary, the pH and 8, brogresively decrease to achieve a
¥ state at the values of 4.5 and 0.9, respectively.
Were At different ripening periods, a 20% of colonies growing on MSA were selected. A total of 629 strains
i .chosen and submitted to the appropriate tests for their characterization. 27% of strains were characterized
ﬁ?thram positive, catalasa positive cocci (Micrococcaceae); 71% as Gram positive, catalasa positive bacilli (most
ﬁms;ﬁm Spore~-forming rods) and the remainder 2% were Gram positive, catalase negative cocci, which were
5y Uered gs belonging to the group D streptococci. The maximum recovery of Micrococcaceae were obtained after
o Uays of ripening. At the end of the process, all isolates were characterized as bacilli. It is not the first
lm‘uththat a high percentage of bacilli have been detected in dry fermented sausages. They have also been reported
the '°F authors (Palumbo et al., 1976). In fact, Palumbo and Smith (1977) indicated the importance of verifying
Shec c919n¥ types growing on micrococci selective agars (salt-containing media) and not rely only on the supposed
PClficity of q given medium.
All Gram positive, catalase positive isolates were further submitted to O/F and lysostaphin test. Some
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Fig. 1.- Generation times in BHI broth of nitrate reducing micrococci
isolated from sausages. In the uppuer figure at 259C (white)
and 329C (black) and in the lower one at 11%C (white) and

19¢C (black).

Strain number

Fig. 2.- Minimum a_ in nutrient broth (adjusted with NaCl) for growth
of nitrat¥ reducing micrococci isolated from sausages.




Table 1.~ Exocellular and endocellular lipolytic activities (cn? of clearmess zone) of the six micrococci strains finally sele
after 7 days of incubation at 119C, pH 5.5 and 6. For meaning of (+) see the text.

Strain  pH TC

2.0(1+)
2.3(14)

W) 1.3(4) 1. i 5.7(3+)

Strain

10A

10C

12

dYIN113I00N3

30 )

Ol OO0 Ol OoWU

0.8(3+) 0.6(2+) 0.4(3+) 0.7(1
1.3(3+)  1.2(3+) 0.5(3+) 1.0
Neither exocellular nor endocellular lipolytic activity was detected on tristearin.

Strains Micrococcus-3 and 11 did not show endocellular lipolytic activity.

No endocelTular lipolytic activity was detected on MS, DP, TM TP and TB.

MC, Monocaprilin; M), Monoolein; MS, Monostearin; DP, Dipalmitin; TCL, Tricaprilin; TCP, Tricaproin; TC, Tricaprin;
M, Trimiristirin; TP, Tripalmitin; T0, Triolein; T8, Tributirin; TL, Trilaurin.; PF, Pork fat. (-), Not detected.

+
(1+)

Table 2.- Exocellular and endocellular proteolytic
activities (pg tyrosine mi-1) of six micrococci strains
finally selected on casein and SPE after 24 hr of
incubation at 37¢C.

Exocellular Endocelliular

Strain  Casein SPE Casein

25.0 45.0
112.5 180.0
92.5 177.5
131.4 80.0
45.5 260.0
45.5 55.0

SPE: Sarcoplasmic protein extract.
ND: Not detected.

Table 3.- Main characteristics of the six micrococci strains finally selected.

Generation  Minimum 2, Nitrate reduction Exocellular lipolytic Exocellular proteolytic
time for growth actlvity activity activity

Hours at
19eC 11°C . pH 6 20°C 12°C Triglycerides Sarcoplasmic proteins

22.5 49.0 A TS Y c-4, C-6, C-8, C-10
C-t2, C-14, C-16, C-18:1
4.5 8.5 ot At ND
31.5 46.0 + + ' By ND
4.5 25,0 HHE HE ND
C-4, C-6, C-8, C-10, C-12
10.0 44.0 e 444 44t 4 c-14, ¢-16, C-18, C-18:1
Pork fat
c-4, C-6, C-8, C-10, C-12
C-14, C-16, C-18, C-18:1
Pork fat

ND: Nat detected.
{+) poor, (++) medium and (+++) high activity




manufacture of raw ripened fermented sausaqes formulated with mechanically separated chicken meat

gercia!

yl, LM pOSTEZ, G. BUTLERZ, M. WITTMANN3 AND P. KWANA

centre, Research Branch, Agriculture, Ottawa, Ont,, K1A 0C6, Canada,
nd Statistical Research Institute, Research Branch Agriculture, Ottawa, Ont., KA 0C6, Canada
ds Ltd., Don Mills, Ont., M3A 2P8, Canada

d Research Labs., Ltd., Toronto, Ont., MaW 217, Canada.

in the graditional and modern manufacture of raw ripened fermented sausages, successful processing persannel
1 “the highest quality of meats available. Deviation from this practice leads inevitably to production
eﬁg which affect not only the organoleptic quality of the product but also fits safety (Acton and Dick, 19763
2] et al. 1978; Klettner and Baumgartner, 1980). One key to the production of safe sausages is the

1v'“ﬁﬁa rapid initial acidification of the meat mix. This can be brought about by use of the chemical

glucono-delta lactone (GdL) or hy the addition of lactic acid bacterial starter cultures. Either ar

gf these agents allow certain additional latitude in product ion methods although their use does not
1 ely insure that pathogenic bacteria present in the meat will be eliminated during the curing-ripening
od (Goepfert and Chung, 1970; Baran and Stevenson, 1975; Kovacs and Takas, 1979)., Other factors also
ificant 1 influence both the efficacy of desired acidulation and pathogen survival. The interaction of
Jable carbohydrate, NaCl, curing salts and temperatures of fermentation and drying are the more of important
ese (Klettner and Baumgartner, 1980; Liepe, 1983).

order to improve product selling price - production cost ratios a number of alternatives in manufacturina have
o anined. For example, Joseph et al. (1978a,b) added mechanically dehoned beef or soy protein fibre to dry
cqsane formulations. The inclusion of poultry meats in semi-dry and dry sausages has been the subject of a

per of studies (Keller and Acton, 19743 Acton and Dick, 1975; Baran and Stevenson, 1975; Dhillon and Maurier,
5: McMahon and Dawson, 1976; Raccach and Baker, 1979). In some of these products poultry meats were used at
els> 50% of the total (Acton and Dick, 1975). However in most of these studies sausaaes were cooked at >60°C
ore drying although Baran and Stevenson (1975) heat-treated to 46°C.

poth Salmonella and Staphylococcus occur regularly in sampled poultry at levels usually higher than in pork
peef (McKinley and Avens IE%I; Swaminathan et al. 1978; Bentley and Pettit 1982, Davidson et al. 1985) the

ormulation of sausages with mechanically separated chicken meat might be expected to contain these organisms in
gumbers higher than would be otherwise present.

purpose of the present work was to evaluate whether raw ripened dry sausage could be formulated with
chanical 1y separated chicken meat (MSCM) under industrial conditions to yield an orqanoleptically acceptahle
Uct without additional risk from bacterial pathogens.

‘Materials and Methods

e preparation Manufacture of sausages was conducted in 50 kq batches in an inspected meat plant by
reqular production staff. The meat mixture consisted of pork, beef and beef hack fat in
the proportions of 0.4, 0.35 and 0.25, respectively. The spice-adjunct mixture
contained 3% NaC1, 0.02% Nitrate, 0.02% nitrite, 0.05% erythorbate, 0.3% qlucose, 0.4%
lactose, 0.4% white pepper, 0.4% sodium caseinate and 0.4% modified wheat flour.
Experimental batches were formulated with 0.44% Gdl. or one of two types of starter
culture; Trumark LT II (0.1%) which consisted of Pediococcus pentosaceus plus
Staphylococcus carnosus or & 50:50 mixture of DupToferment 6% with Duploferment
“Spezgai“ (yTelded T0% Staphylococcus Carnosus plus 30% Lactobacillus plantarum), The
latter starter was added at a rate of 0.05%. After lean meats were chopped, fat was
added and this was followed by starter or Gdl addition. Sausages were stuffed in 60 mm
diameter fibrous casings and weighed about 0.5 kg each. Sausages were held 8 h at 10°C

. (70% RH) and placed in a smokehouse at 22°C (92% RH) for 17 h. The temperature was
g reduced to 20°C (90% RH) and after 10 h the RH was reduced to 88% for an additional
i) 14 h. Temperature was then reduced to 18°C for 10,5 h and over the next week gradual
Iy reductions in RH were conducted until 84% RH was reached. Sausages were smoked and
dried an additional 20 days at 16°C and 76% RH.

'!Hzﬂﬁlﬂl,éﬂglgggg_ Frozen samples were analyzed for total bacteria (APT, 32°C, 48 h) lactic acid hacteria,
7 LAB (mrs, 32°C anaerobic 48 h), micrococci (MSA containing 3% NaCl, 32°C, 48 h aerohic),
pediococci (MRS, 45°C, anaerobic, 48 h) lactobacilli, MRS containing 2% lactose plus
0.1M arginine and 25 mg/1 phenol red but glucose and beef extract were not included in
this medium (32°C, anaerobic, 48 h), coliforms (VRB with overlay, 35°C, 24 h aerobic),
Staphylococcus aureus was counted on BP (Baird-Parker Agar) using spread-olates (35°C,
A8 h aerobic) followed by coagulase confirmation. Salmonella




