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ABSTRACT

30 fresh locally manufactured beef sausage samples were randomly collecled from
different buicher’s markets from Ismailia city and stored at chilling temperature (4°C)
then evaluated for post-produuction bacteriological changes. The mean log values for to-
tal psychrotrophic counts were 3.68. 3.95, 5.23, 6.11 and 5.28 cfu/g. while for total
lactic acid bacterial counts they were 2.36, 2.58, 4.64, 5.57 and 7.64 cfu/g and for to-
tal enferehacteriaceae count were 2.56. 3.22, 3.73, 3.95 and 2.17 cfufg at 0. 2. 4. G
and 8 days post storage, respectively. The mean values of total psychrotrophic counts
Jor beef sausage samples were significantly different (P < 0.05) allover the storage peri-
ods while the total lactic acid bacterial counts were not significantly increased up to 2
days of chilling storage then their counts were significantly increased (P < 0.03]) to
reach maximum value {log 7.64 cfu/g) after 8 days of storage at chilled temperature
{4°C). On the other hand, the lotal enterobacteriaceae count in the examined sausage
samples significantly decreased (P < 0.05) to log mean value 2.18 cfu/g ai the end of
storage period (8 days). Sausage productions by local butcher’s markeis required a
considerable action to increase its quality and shelflife. Some suggestions and recom-

mendations for improving sausages qualities were discussed.

INTRODUCTION

Fresh heel sausage is one of the most palatable meat products. which mainly composed ol
{resh beel nsually uncured, comminuted, seasoned, stuffed into casings and must be cooked lul-
ly before scrving (Stamer, 1976). In Egypt, it plays an important role in economic terms duc to

its considerable price and high market demands.

The shell-life of fresh sausage is limited due to the absence of anti-microbial substances such
as nitrite, In addition, temperature is a key for bacterial growth. Psychrotrophic bacteria, includ-

ing lactic acid bacteria and some enterobacteriaceac group, grow logarithmically at 4°C. which
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means that chilled sausage have a drastically Sllofténé-d'sl?elf-ji'fe: the longer it remains in {em-
peratures at 4°C (Kraft, 1992). Microbial growth, eéﬁecially péychrotrophs. in the fresh sausage
together with activity of the meat endogenous enzymes are undoubtedly partially responsible for
the development of a number of aromatic and sapid compounds (Ordonez, et al. 1999). Moreo-
ver, thesc microbial growthes, when increased under favorable conditions they particularly re-
sponsible lor development of product’s spoilage. In addition, such microorganisms may produce
heat resistant enzymes that may continue to cause deterioration during later storage even if the
bacteria do not more survive (Gilliland et al., 1984; Borch et al., 1996 and Hierro et al,,
1999}.

Leroy (2002) reported that although predictive microbiology generally focuses on thie polential
outgrowth of spoilage bacteria in loods, little attention has-been paid to lactic acid hacteria, Lac-
tic acid bacteria are a group of relailed. bacteria that produce lactic acid as a result of carbohy-
drate [ermentation. Also they have the abilily to grow under a variety of enviroimmnental condi-

tions which allow them to be highly competitive in meat products (Stamer, 1976).

Familv l<ntcrobacteriaceac has been suggested as indicator of faecal contamination of meal
products with the idea that such contamination 1ﬁight possibly be detected even coliforms are
not present or viable {Hayes, 1992). Fresh .Saus’age usually has a high microbial population
could be ranged from 104 to 5x108/g"! (Kraft, 1992). Khalafalla and El-Sherif, (1993) rcported
that the mcan counts of psychrotrophic bacteria. enterobacteriaceac and lactic acid bacte-
ria in randomly collected sausage samples from retail markets were 2 x 102, 6 x 10+ and 8 x 102

arganisms per gram, respectively.

The purpose of this study was to evaluate the changes in total psychrotrophic. lactic acid bac-
terial and cnterobacteriaceae counts post-production of the local manufacture tresh beel sausag-

es and during storage at chilled temperature (4°C).

MATERIALS AND METHODS
1. Samples :

30 fresh beef sausage samples were randomly collected from the butcher's markets in Ismai-
lia City, directly post-production. Each sample, nearly weighted 200g. was individually wrapped
in clean slerile polyethylene bag then transferred immediately in ice-box to Food Iygicne Labor-
atory, Suex Canal University. The samples were stored in chiller at 4°C. A part lrom cach sample

was subjected to microbiological evaluation in periodical interval at 0, 2, 4. 6 and 8 days post
storage.
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2. Bacteriological analysis (APHA, 1992)

Ten grams [rom the core of each sausage sample were aseptically sampled, diluted with 90 ml
of sterilc 0.1% peptone water (w/v) in a sierile stomacher bag and homogenized in a Stomacher
(LAB-BLENDER, 400. London. UK) for one minute to provide dilution of 1071, From the original
homogenate, 1| ml was transterred aseptically to a test tube containing 9 ml sterile 0. 1% peptone
water {w/v} to preparc dilution of 10°2, then from which further ten fold decimal serial (ii.lution
up to 10°% were prepared. From these serial dilutions, the bacteriological invéétigaiinns were per-

formed.

2.1. Total Psychrotrophic Count

The pouring technique recommended by APHA (1992) was used. Cne ml {rom cach dilution
was inoculated into duplicate sterile Petlri dishes then about 15 ml of 459C standard plate count
agar were poired, left to solidily and incubated at 7°C for 10 days. The average {:ount_'nl'_dnpli—

cate plates was taken and the total psychrotrophic count was expressed as cfu/g.

2.2. Total Lactic acid Bacterial Count

The pouring technique recommended by APHA (1992) was used. Cne ml from cach dilution
was inoculated into duplicate sterile Petri dishes then about 15 ml of 459C de Man Rogosa
Sharp (MRS) agar were poured, left to solidify and incubated at 32°C for 48h in anacrobic jar.
The average count of duplicate plates was taken and total lactic acid bacterial count was cx-

pressed as cfu/g.

2.3. Total Enterobacteriaceae Count

The tecimique was recommencicd by ICMSF (1978). From each of the previously prepared se-
rial dilution, 0.1 ml aliquots werc delivered into duplicate sets of Petri dishes, previously inocu-
lated by 15 mi of sterile violet red bile glucose agar. After sufficient spreading. a cover laver of 10
ml of the medium was poured over all the plates. The plates were incubated at 37°C lor 24 hour.
The expected colonies "clear visible purple colony surrounded by a halo purple zone” were count-

ed and the results expressed as clu/g.

3. ldentification of Isolates

Five representative colonies were randomly picked from each plate of psychirotrophic, lactic
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acid bacicria and enterobacteriaccae group. Each colony was isolated for lurther purilication

and ideniilicaiion by using biochcmical lests according to MacFadyean (1!98_8].

4, Statistical Analysis

The obiained data were subjecied to a one-way analysis ol variance (SPSS 6.1.2, 1995) to
study the signiflicance among the mean values of total psychrotrophic, lactic acid bacteria and
enterchacicriaceae counts in chilled sausage samples under the different siages ol bacteriologi-

cal analysis.

RESULTS AND DISCUSSION

In the recent years, sausages manulacturing is based on a highly sophisticated science de-
pending on the high quality of the ingredients used in the processing to safc the consumers from
foodborne pathogens as well as to prolong the shelflife of the final products (Price and Schwei-
gert, 1987). The obtained results in this study revealed that fresh beel sausage constitute a con-
siderable initial {0 day). psychrotrophic, lactic acid bacleria and enterobacteriaceae counts, This
clearly indicated that the production of [resh sausages by local butchers in [simailia cily is done

under inadequate sanitary and hygienic measures.

Differential bacterial counts :

The mean log values for total psychrotrophic, total lactic acid bacteria and total enterobacteri-
aceae counts in fresh beef sausage stored at chilling temperature of 4°C were shown in Table (1).
It is evident that the mean log values for total psychrotrophic count were 3.68. 3.95, 5.23, 6.11
and 5.28 clu/g at 0, 2. 4, 6 and 8 days post processing respectively. The nican log values tor io-
tal lactic aicid bacterial counts werce 2.36, 2.58, 4.64, 5.57 and 7.64 clu/g at 0. 2. 4, 6 and 8
days posl processing respectively, whereas the respective lﬁean log values for toilal enlerobacteri-
aceae counts were 2.56, 3.22, 3.73. 3.95 and 2.17 cfu/g at 0, 2, 4, 6 and 8 days respectively,
Khalafalla and El-Sherif (1993) rccorded nearly similar mean count values in randomly collect-
ed beel sausage samplesfrom retail food markets. Chilling storage did not prevent but delay the
microbial growth in fresh sausage and usually higher microbial content was detected in sausage
after prolonged storage at low temperatures (Korkeala et al., 1989). Psychrotrophic and other
spoilage microorganisins when reach considerable high counts they cause defeets in meat prod-
ucts such as sour, off-flavour, discolouration. gas preoduction, slime production and decrcase in
pH {(Borch et al., 1996).
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Figurce (1} declared the changes in total psychrotrophic, lactic acid bacterial and cnterobacte-
riaceac counts in fresh sausage during storage at chilling temperature (4°C}. The mean values of
total psychrotrophic counts lor beel sau sage samples were significantly different (P < 0.05) allo-
ver the storage periods. The psychrotrophic bacleria continue to grow in the beel sausage till
reach highcsi counts {log 6.11 cfu/g) alter 6 days storage under chilling temperature (4°C), then

the couints significantly (P<0.05) decreased (log 5.28 cfu/g) at the end of storage period (8 days).

Frequency distribution of existed psychrotrophic bacteria :

The frequency distribution ol most identified psychrotrophic bacteria isolated from examined
sausage salnples were listed in table {2). The most identified psychrotrophic spp. ftom sausage
samples at O day were Acinetobacter spp. 3 (3.6%). Acromonas spp. 8 {9.6%). DBacillus spp. 15
(18.1%), Coliform 4 (4.8%), Enterobacier spp. 4 (4.8%)], Lactobacillus spp. 2 (2.4%). Lenconostoc
spp- 3 (3.6%]. Micrococcus spp. 12 {14.5%), Pseudomonas spp. 5 (6%), Staphylococcus spp. 21
(25.3%) and Streptococcus spp. 6 (7.3%). Acinetobacter spp.. Aeromonas spp.. Coliform and En-
lerobacter spp. were not delected after 4 days from chilling storage at 4°C. The prcclmninaied
psychrotrophic spp. in sausage samples after 8 days chilling storage were Lactobacillus spp. 45
(42.1%) and Leuconostoc spp. 30 (28%). A : "

Reduction in temperatures is one of the most important mecans of restricting bacterial growth
and is ol parlicular concern in considering psychrotrophic spoilage organisms and pathogens
{Kraft, 1992). The decrease in psychrotrophic counts in the examined sausage samples could be
resulted rom the effect of some additives like sodium chloride and the changes in the pil ol the
products on the psychrotrophic growth (Gilliland and Speck, 1975). The production ol acid by
lactic acid bacteria is one of the lirst manifestations of their growth in sausage. Lactic acid is the
one produced at higher concentrations, although other acids are produced in minor quantities,
among them is the lactic acid which probably the meost important. Acetic acid, while being

present in small concentrations. is particularly toxic to some bacteria (Pinheiro et al., 1968).

Regarding (o the totlal lactic acid bacterial counts in sausage samples stored al chilling tem-
peraturc (4°C), figure (1) revealed the log mean values of total lactic acid bacterial counts were
not signilicantly increased up to 2 days chilling storage then the counts significantly increased

(P < 0.05) {0 reach a maximum value of log 7.64 clu/g after 8 days at chilling tempyrature (4°Ch
Frequency distribution of isolated lactic acid bacteria:

Lactic awcid bacteria as presently constituted consist of 4 genci'a: lactobacillus, Leuconostoc,

Pediococens and Streptococcus. (Jay, 1986). These organisms are wide spread in nature and
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the natural habitat of some is unclear,

The frequency distribution ol most identified lactic acid bacteria isolated {rom sausage sam-
ples at O (lay, were Lactobacillus spp. 10 (34.5%), Leuconostoc spp. 8 (27.6%). ediococcus spp.
{20.7%) and Sireptococcus spp. 5 (17.2%). while the rccorded frequency for such isolates after 8
days chilling storage at 4°C werc reached to 55 {34.8%), 46 (29.1%), 42 (26.6%) and 15 {9.5%)
respectively (Table 3).

It is noficed that lactic acid bacteria werc the predominant microorganisins during relrigerat-
ed storage and that is expected in sausage products (Nychas and Arkoudelos, 1990}, The con-
tamination of sausage by lactic acid hacteria occurred as a result of (he manufacturing and han-
dling processes, the environmeni and working surfaces contributed to sausage conlamination ol

various types of lactic acid bacteria (Dykes, et al.1991).

Samelis and Georgiadou (2000} indicated that Lactobacillus and Leuconosioes spp. Were oc-
curred at considerable higher incidences (92-96% and 14~él% fespectively] in chilled sausage
stored at [1°C. whereas Pscudomonas and Micrococcaceae spp. grew, but failed to increasce above
105 cfu/g in all samples during chilling storage. Lactic acid bacteria are responsible for decrease
of pH ol the sausages during chilling storage (Lucke, 1989). Regardless the use ol lactic acid
bacteria as a major potential biopreservation for some foods of animal origin hecause they are
safe to consumer, they naturally dominate the microflora of many foods during ils storage
(Stiles, 1996). they have been implicaled in outbreaks of foodborne illness and share public
health hazard (Franz et al., 1999). o |

On the other hand, the enterobacteriaceae counts in the examined sausage samples were sig-
nificantly increased (P < 0.05) under chilling storage up to maximum log mean valuces [3.737amd
3.95 clu/¢ at 4 and 6 days respectively), then decreased significantly (P < 0.05) to log mean val-
ue 2.18 ¢l /g. after 8 days, at the end of storage period (figure 2). '

Frequency distribution of identified enterobacteriaceae :

The mostly identified enterobacteriaceae isolated from sausage samples at 0 day storage were
Citrobacter freundii, 16{16.7%); Enterobacter spp., 22(22.9%}); Escherichia coli. 13 {13.5%): Hal-
nia alvei. 4 (4.2%); Klebéiclla spp.. 8 (8.3%): Proteus spp., 17 (17.7%): and Serratia spp.. 16
(16.79%). 1! is worthy to mention that the delection of coliforms (E. coli. Enierobacter. Citrobacter
and Klebsiclla) in the sausage samples at 0 day storage is indicators of fecal contiunination of
the producis during processing (Kraft, 1992). Fortunately, the growth of the family enterobacte-

riaceae may be suppressed by sall or presence of lactic acid hacteria at refrigerated temperature
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(Gill, 1986). Alter 4 days chilling storage ol sausage al 4°C, Hanla alvei, Klebsiclla spp. and Ser-
ratia spp.. were not recorded, while other isolaies appeared to decrease in their frequencey distri-
bution. Aller 8§ days chilling storage of sausage sampl.es. the frequency (lis.l ribution was Citro-
bacter Ircundii 6 (27.3%) Enterobacter spp. 5 (22.7%), Escherichia coli, 2 (9.1%), and Proteus
spp. @ (40.9%). The lowering of pIl by the lactic acid bacteria produces a less favorable environ-
ment lor growth of undesirable hacterial types, particularly those that are psyvehrotrophic and
putrefactive {ypes as Pseudomonas spp. and pathogens as Staphylococcus spp. (Speck, 1979).
In addition, some lactic acid bacteria as lactobacilli seem to produce large inhibitorv anount of
H50, (Price and Lee, 1970). The 15,04 produced is inhibitory to a number of Gram negative
and Gram positive specics (Speck, 1979).

From this study, it can be concluded that fresh sausages collected from [smailia city were ex-
posed to morce extensive handling and processing during manufacture. which appeared to have
high microbioclogical counts. Good manufacturing practices and sanitation standard operating
procedurcs arc keys for reducing microbiological contamination in meat products. Most retail
stores do 1ot have functional quality assurance programs, as cvident in the higher microbiologi-
cal contamination in final products. It Is likely that development of retail Hazard Analysis Criti-
cal Control Point plans would be beneficial to ensure the safety of fresh sausage. IF'urthermore.
butcher shops operations should take a closer look at how completely they arc cleaning and san-
itizing grinding equipment. Further studies are warranted to identify efficient mcans for remov-

ing bacterial conlamination rom cquipment in both processing plants and retail slores.
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from beef sausage under chilling storage (4°¢)

-Table (2) : Frequency distribution (%) of most identified psychrotrophic bacteria isolated

Psychrotrophic Time / Day
Bacteria 0 2 4 6 8

Acinetobacter spp. 3(3.6) 0(0) 0 0 (D) 0(0)
Aeromonas spp. 8(9.6) 2(2.7) 0 0 (0} 0
Bacillus spp. 15(18.1) | 18(24.3) | 13(15.1) | 9(10.3) 5(4.7)
Coliform . 4 (4.8) 22.7) 0(0) 0 (0) (0)
Enterobacter spp: 4 (4.8) 5 (6.8) 6 (7) 0 0
Lactobacillus spp. 2(2.4) 6 (8) 19(22.1) | 32(36.8) | 45(42.1)
Leuconostoc spp. 3(3.6) 5(6.8) 16 (18.6) | 25(28.7) 30 (28)
Micrococcus spp. 12(14.5) | 15(20.3) | 11(12.8) 8(9.3) 9(8.4)
Pseudomonas spp. 5(6) 5(6.8) 3(3.5) 1(1.1) 1(0.9)
Staphylococcus spp. | 21(25.3) | 12(16.2) | 10(11.6) 2{2.3) 2 (1.9)
Streptococcus spp. 6(7.3) 4(5.4) 8(9.3) 10 (11.5) 15 (14)

Total 83(100) | 74 (100) 86 (100) 87 (100) | 107 (100)
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Table (1) Log mean values of total psychrotrophic, lactic acid bacteria and
enterobacteriaceae counts (iS\.E.)_for beef sausage stored at chilling
temperature (4°¢) ' 7

Total Total - Total
Psychrotrophic Lactic acid Enterobacteriaceae
counts bacteria counts co'lmts
Time Mean { Mini. | Max. | Mean | Mini. | Max. { Mean | Mini. | Max.
(+S.E) (zS.E.) (£ S.E.)
Oday | 3.68 | 243|521} 236 | 0.83] 3.6l 2.56 0.88 | 4.72
+2.62 +0.86 +2.08
Zdays | 395 {321 624 ] 258 | 2.11 ] 5.28 3.22 2.61 | 5.34
+2.85 +2.11 +2.64
4days | 523 | 399|731 | 464 | 3371684 3.73 3.74 | 6.21
+4.23 +2.97 13.24
6days | 6.11 | 429 728 557 | 476 | 7.04 3.95 2,114 4.37
+3.61 +3.56 | 4234
Sdays | 5.28 | 433|733 764 {536 8.31 2.18 2,05 ] 4.13
£3.34 £5.24 0275
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Table (3) : Frequency distribution (%) of most identified lactic acid bacteria isolaied from beef
sausage under chilling storage (4°c) '

Lactic Acid Time / Day
Bacteria 0 2 4 6 8
| Lactobacillus spp. 10(34.5) | 22(28.2) { 30(294) | 48(35.3) | 55(34.8)
Leuconostoc spp. 8 (27.6) 19(24.4) | 24(23.5) | 32(23.5) | 46(29.1)
Pediococcus spp. 6(20.7) 26(333) | 323314) | 40(29.4) | 42 (26.6)
Streptococcus spp. 5(17.2) 11(14.1) | 16(15.7) | 16(11.8) 15(9.5)
Total 29 (100) 78 (100) | 102 (100) | 136 (100) { 158 (100)

Table (4) : Frequency distribution (%) of most identified Enterobacteriaceae group isolated from

beef sausage under chilling storage (4°c)

Entcrobacteriaceae Time / Day
0 2 4 6 8

Citrobacter freundii | 16 (16.7) 8(10.7) 2(4.9) 5(15.6) 6(27.3)
Enterobacter spp. 22 (22.9) 18 (24) 7(17.1) 7(21.9) 5(22.7)
Escherichia coli 13(13.5) | 16(21.3) | 11(26.8) 8(25) 2(9.1)
Hafnia alvei 4 (4.2) 1(1.3) 0(0) 0(0) 0 (0)
Klebsiella spp. 8(8.3) 3(4) 0 (0) 0 (0) 0(0)
Proteus spp. - 17(17.7) | 20(26.7) { 21(51.2) | 12(37.5) | 9(40.9)
Serratia spp, 16(16.7) | 9(12) 0 (0) 0 (0) 0 (0)

Total 96 (100) 75 (100) 41 (100) 32(100) | 22(100)
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Figure (1) : Changes in log mean values of total psychrotrophic, lactic acid bacteria and
enterobacteriaceae counts of-chilled beef sausage during chilling storage
at 4°¢.
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Means Log by the same letter in the same line are not significantly different (P < 0.05.)

T.P.C. = Total Psychrotrophic count T.L.B, = Total Lactic acid bacteria count
T.E.C. = Total Enterobacteriaceae count '
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