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ABSTRACT

30 fresh locally manufactured beef sausage samples were randomiy collected from
different hutcher's maricets [rom Ismailia city and stored at chilling temperalure (40C)
then cealuated Jor post-production bacteriological changes. The mean log values for (o-
tal psyclirotrophic counts were 3.68. 3.95, 5.23. 6.11 and 5.28 ¢fu/g. while Jor (otal
lactic ucid bacterial cownts they were 2.36. 2.58. 4.64. 53.57 and 7.64 ¢fu/qg and for to-
tal cifcrabacteriaccae coun! were 2.56. 3.22, 3.73. 3.5 and 2.17 ¢fu/g ¢l 0. 2. 4.
and 8 days post storage, respecitvell;. The mean values of toial psychrotrnphic counls
Jor beef sausage samples were significantly different (P < 0.05) allover the storage peri
ods while the lotal laclic acid bacterial counts were nol significantly increased up 10 2
dnys of chilling storage then thei counts were significantly increased (P < 0.05) (o
reach nuximum value (log 7.64 cfu/g) after 8 days of storage at chilled lemperctiue
(4°C). On the other hand, the total entevobacieriaceae count i Hhe examined satisage
samples significantly decreased (P < 0.05} lo log mean value 2.18 ¢fu/g at the end of
storage period {8 days). Sausage productions by local butcher's mariets reguired a
considerahle action to increase s guatity and shetf-life. Soine suggestions and recon-

mendatons for improuing sausages qualities were discussedl.

INTRODUCTION

I'resh hcel sausage is one o} the mast palatable meat products. which wainly cormposcd of
{resh beel usvally uncured. comminuted, seasoned. stufled into casings and mist be cooked Iul-
ly before s¢1ving (Stameyx, 1976). In Egypt. it plays an jmportant role in economic tecms duc (o
its considerable price and high market demands.

The shell-lite of fresh sausage is Jimited due to the absence of anti-microbial substances such
as nitrite. n addition, temperature 15 a key for bacterjal growth. Psychrotrophic bacterta. includ-

Ing lactic acid bacteria and some cnterobacterlaceae group. grow logarithmically ai 49C. which
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means (hal chilled sausage have a drastically shortened shelf-lifc'the longer it remains In {em-
peratures at 4°C (Kraft, 1992). Microbial growth. es{ie‘clally psyChTOLI‘Op—hS. in (he lreeh sausage
{ogether with activity of The meat endogenous enzymes are undoubtedly pactially rexponsible for
the development of a number of aromatic and sapid compounds (Ordenez,et al. 1999). Morco-
ver, thesc microbtal growthes, when increased u-nd_c)‘ lavorable conditions they particulavly re-
sponsible forr developimeat of procucd's spollage. (n additon, such microorganisnis imav produce
heat resisiant enzymes that may continue lo cause dererforatlon dunng Jater storage even il the
hacteria (o noL rmore survive (Gilllland et al., 1984; Borch et al., 1996 a..d Hierro et al,,
1999).

I.eroy (20021 reported that although predictive microbiology gencrally foctises on (he potenlial
outgrowth af spoilage bucterla in foods. Hitle attention l:as been paid to lactic acwl bacleria. Lac-
tlc actd bacteria are a group of related bacterfa thal produce lactw acicl as a result ot carbohy-
drale [criventation. Also they have the abllity to grow under a varicty ol environmental condi-

tions whiclr allow them to be highly competitive In me.i products (Stames. 1976).

Family 1interobacteriaccac has Leen sopyested as indicator of faecal conlaminaian ol ineat
products with the fdea that such conlamination might possibly be delecled even enliforins arce
nol prescnt or viable (Hayes, 1992). IFresh sausage usvally lias a high- microbial population
could be ranged from 104 to 5x108/g! (Kraft, 1992). Khalafalla and El-Sherif (1993) reported
thal the mean counts of psychrotrophic bacteria, enterobacteriaceac and lactce ¢kl bacie:
via in randomly collected sausage samples from retail markets were 2 x 102, 6 x 109 and 8 x 102
organisms per gram. cespectively.

e pnrposc of this study was to cvaluate the chianges in total psychrotraphic. lacite acicd bae-
terlal and cnterobacteriaceae counts posi-production of the local mauufacture fresh beel siwsag-
¢s and dring storage at chillcd temperature (4°C).

MATERIALS AND METHODS
1. Samples :

30 Iresh beel sausage samples were randemly collected from the butchor's markels in Jsinal-
lia City. directly post-pradiction. Each sample, nearly weighted 200g. was ingividually wrapped
(n clean slcrfle polyethylene bag then transferred Immediately (n ice-box to Food Hygicnc Laboc-
atory. Sucs Canal University. The samples were stored In chiller at 49C. A part lrom each sawpte

was subjeccled Lo microblological evaluation in periodical interval at O, 2. 4. 6 and 8 days posl
starage.
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2. Bacteriological analysis (APHA, 1992)

Ten ¢riuns hirom the core of cach sausage sample were aseptically sampled. diluted with 90 ml
of sterilc «. 1% peptone watce (w/v) in a slerile slomacher bag and homogenizcd n a Simacher
(LAB-BLIENDER, 400. London, UK) lor one minute Lo provide dilution of 107, IFrotu {)i¢ original
homogenale. 1 mt was wransferced ascptlically to a tesl tube contalning 9 ol glerile o, 19% peplone
watcr (w/v) (o prepace dilutlon of 1072, then Irom which further ten fold derimal serial dituiion

up to 10 were prepared. From these serial difutions, the bacteriological imvesligalians were per-
formed.

2.1. Total Psychrotrephic Couu?

The ponring technique recommmended by APHA (1992) was used. One ml lromn cach dilntion
was inocivlated into duplicate stecile Petri dishes then aboul )5 ml of 45°C standard plale cannl
agar wece poured, lelt Lo golidlfy and incubated at 79C for 10 days. The average count ol dopli-

cate plales wag taken and the totlal psyclnotrophic count was expressed «S Clu/g.,

2.2. Total Lactic acid Bacterjal Count

The povring technique reconumended by APHA (1992) was uscd. One mil (rom cach dilution
was inocuolated into duplicate sterile Pelrt dish :s then about 16 mi of 45%C dc Man Rogosa
Sharp (MIRS] agar were poured. lell io solidify and incubated at 320C for 48h in anacrobic jur.
The average count of duplicate plates was laken and tolal lactic acid baclerial comi was ex-

presscd as clu/g.

2.3. Total Enternbacteriacene Count

The lecimigue was recommendcd by ICMSF (1978). From cach of the previously prepared sc-
rial dilution, 0.1 ml aliquots were dellverco into duplicatre sets of Peiri dishies. previnusly inneu-
fated by 15 ml of sterle violet red bile glucose agar. aller sufficient spreading. & cover layer of 10
ml of the medinm was poured over all the platcs. The plates were incubated at 37°C lov 24 howr,
The expeeled colonjes “clear visible purple colony surrounded by a halo purple zate” were caunt-

ed and the results expressed as clu/g.

3. Ideatification of Isolates

Five representalive colontes were randomly picked from each plale of psychvotvophic: lactic
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acid Lacteria and enlerobacteriaccac group, Bach colony was isolaled for further punicalion

and tdentilicatian By using vlocherical teste according (o MacFadyean (1688)

4. Statistical Ansl, sig

The oblalned data were subjecled to a one way analysls of variance ISPSS 6.1.2. 1993 (o
study (he significance among the mmean values ol tota) psychrofroplne, lactic weid bacleria and
cnterobacleriaceae counts ln chilled sausarc samples uncer the different ctades ol bacteriologi-

cal analysis.

RESULTS AND DISCUSSION

In the recent years, sausages manufacturing is basced on a highly sophisticatedt science de-
pending oo the high quality of the tngredients used in the processing (o safe the consumers (rom
(oodboyne palhogens as well as (o prolong the shelflifc of the fina) products (Price and Schwei-
gert. L987). The oblained resulls in this sludy cevealed that fresh beef sausage constilule a con-
stderable initial {0 day). psychmtrophic, laclic acid bacleria and enterobacteriaccac counts. This
clearly indicated that the proguction of fresh savsages by local butehers in Ismailia cily s done

under inadequate sanjtary and hygienic measures.

Differential bactesiul counts :

The mean lag values for Lotal psychrotrophic, towl lactle acid bacleda and lotal culecobacterl-
aceae counts in [resh beel sausage stored at chllling temperalure of 4°C weve shown ui 'able (11,
It {3 evident thal the mcan Jog valucs lor total nsyctuotrophle count were 3.68. 3.95. 5.29. 6.1
and 5.28 ¢lu/g at 0. 2, 2. 6 and 8 days post processing respectively. The mcan log values for 16-
1al laclle :ield baclerial counts were 2.36, 2.38. 4.64. 5.57 andl 764 cfu/gat 8, 2. 4. G and 8
days posl processing respeclively. whereas the vespective mean log values for (otal enfergbacleri-
aceac counts were 2.6, 3.22, 3.73. 3.95 and 2.17 clu/g at Q. 2. 4. 6 and 8 days respxectively.
Khalafalla and I'l-S8henf (1993) recorded ncucly similar mean count values in candomly colect-
ed beel snusage samples-from retall tood ntarkets. Chilling slorage did not prevent bud clelay Ll‘lC
microbial growth In fresh sausage and usually highicr microbfal content was detecied in Sal'lslzlgl‘)
after prolonged storage at jow lemperatures (Kotkesla et al., 1989)_ ﬁsycl;rolrophic el nthet
spollage microorganisms when reach constderable high counts they cause defcets inmeal prod-
ucts such as saur, ofl-flavour, discolouration. gas production, slime production and decrease in
pll (Borch et al.. 1996).
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Figure (1) declared the changes in {otal psychrotrophic. lactie acid haclerial and crilcrobacte-

riaceac conols in fresh sausage during slorage al chilling lemperature.(49C). The meany values ol

total psychrolyophic counts for beel sausage samples were significantly different (P < 0 05) allo-
ver the slorage perinds. The psychrotrophic bacleria continue to grow i thie beel sausage (il
reach highest counts log 6.11 ¢hu/g) alter 6 days storage under chilling temperature (4°C). then
(he counix signilicantly (P<0.05) deereased (log 5.28 clu/y) at the end of storage period (8 days).

Freguency distribution of existed psychrotrophic bacteria :

The lrequency distribution of most identilied p~-chrotrophic bacieria isolalted frony exaimined
sausage samples were sted 1y 1able {2). The most identifled psychraicophic spp. from sousage
sanples it O day were Acinelabacter spp. 3 (3.6%). Aeromonas spp. 8 (9.6%). Gacillus spp. 15
(18.1%). Coliforny 4 (4.8%). Entcrobacter spp. 4 (4.8%). Lactobacillus spp. 2 (2.4%). Levconostoe
spp. 3 (3.6%). Micrococcus spp. 12 (14.5%). Pseudomonas spp. 5 [6%), Staphyloencons spp. 2)
(25.3%) and Sireptococcus spp. 6 {7.3%). Acigetobacter spp.. Acromanas spp.. Coliform and En-
terobacter spp. were not detected after 4 days from chilling storage at 4°C. The predominated
psyclwolrophic spp. in sausage samples after 8 days chilling storage were Lactobacillus spp. 45
(42.1%) and Leuconostoce spp. 30 (28%).

Reduclion in lemperatures is one of Lhe most imporiant meuans of restrictingl bhacterial growth
and s of pardeular conicern In considering psyclhrotrophlc spoilage organisn;s and pathogens
(haaft, 1992). 1he decrease in psychrolrophic counts in the examined sansage hs;mlplv.\ contld be
resulted lrom the effect of some additives like socdium chlolricle and lhe changes in ihe pil ol the
products vn Uhe psychrotrophic growth (Gilliland and Speck, 1975). The production ol acld by
lactic acid bacleria is one of the lirst wanilestations ol thelr growth in sausage. Lactic acid §s the
one produced at higher concentrations, although olher aclds ave produccd in minor gnantitics.
among |hem s the lacde acid which probably the most important. Acetic acid. while being

present in small concentrations. 1s parlicularly toxic to some bacteria (Pinheiro et al., 1968).

Regarcling (o the total lactic acid baclerlal counts in sausage saniples stored ot chilling (em-
perature (4°C). figure (1) revealed Lhe log mean values of total lactic acid baclerial connds were
not significanily (ncreased up to 2 days chilling storage then the counts signilicanily incrcased
(P < 0.05) io rcach a maximum value ol log 7.64 clu/g after 8 days al chilling icmperatnre (4°C).

Frequency distribution of isolated lactic acid bacteria:

Lacluic acid bacteria as presently constituted conslst of 4 geneva: laclobacillus. Leuconosloc.

Pedjococens and Streptococcus. (Jay, 1988). These organisms are wide spread in palure and
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the natiid habllat of soaie ts aaciear.

The trequency disteibullon ot most identified lactic :eid bacteria Isolated fron snsage sam-
ples al 0 «ay, were Lactobacillus spp. 10 (34.5%). Leuconostoc spp. 8 (27.6%). Nediocoreus spy.
(20.7%) anid Sthreplococcus spp. 5 1) 7 29, while the recorded frequency tor such isolales after 8
days chilling storage at 4°9C werc yeached to 55 (34.8%). 46 (29.1%). 42 {26 G") and 15 (9.5%)
cespectivelv (Unble 3).

IL s noliced that Jactie acid baceteria were the prectiominant microorgantsms diwing refrigerat-
ed stornge and that is exp ted i sausage products (Nychas and Arkoudelos. 1990). ‘Ihe con-
1aminattan of sausage by lactic acid bacteria occurred as a result of the manutaciving and han-
dhne provesses. the environmeni and working surfaces contabuted to sausa: ¢ contamination of

various types ol lactuc acid bactetia (Dykes, et al.1991).

Samelis and Georgiadon (2000) indicated thal Laciobacillus and Leuconostocs <pp. were oe:
curced al conslderable hither intidences (92-96% and 14-21% respectively) in chilled sausage
slored al 41"C whereas Pscudomonas and Microcarcaceae spp. grew. but (ailed 1o Increase above
105 chu /it all samples durlng chilling storage. Lactce acld bacteria are responsible for decrease
of pH of ihe sa.sacs during chitlllog storage (Lucke, 1989). Regardless the 1visc ol lactic achd
baclera as u roajor potentlal biopresenvation for some faods of anlmal origin becaise they are
safe to cansumer, they naturally donunate the microflora of many foods during ils storage
(Stile=, 1996). llicy have been implicated in ourbreaks of foodbovne idlncss and shuye pablic
health hazard {Franz &t al,, 1939).

On the niher hand. (he enterobacteriuccac counts i the tx;imincc! sausage samples were sig-
nificanty mereased (P < 0.05) undcer chilling storage up to maximura log mean valies [3.73 and
3.95 clu/p at 4 and 6 days respectively), then decrensed significantly [P < 0.05) to log mcin val-
ue 2.18 cin/g. after 8 days. at the cnd ol storage peviod (higure 2). |

Frequency distritution ~f identified enterobacteriaceae :

The mostly ldentified enterobacierlaceae isolated from zausage samples at O day storage were
Citrobacler freundii, 16(16.7%): Enterobacler spp.. 22(22.9%); Escherichia coli. 13 (13.5%): Ulal-
nia alvej. 4 (4.200); }Gcﬁslella spp.. 8 (8.3%): Proteus spp.. 17 (17.7%); and Serratia spp.. 16
()6.79l. Ut is worthy to mention that the delection ol colilorms (E. coll, Enlerobacler. Clivubacter
and Klebsielia) in the sausage samples at O day sLdrage is Jndicators of fecal conlantination af
the producls during processing (Kraft, 1892). Fortunately, the growth of the Tamily entcrobacte-

rlaceae may be suppressed by salt o presence ol laclic acld bactecla at refrigeraicd lemperal ore”
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(GUL 1986) Aller 4 days chilling storapie al sausage at 4°C, Halnia alvei. Klchsiclln spp. andd Ser-
ratla spp.. were not recorded. while other Isolates appeared (0 decrease v their frequency disiri-
bullon. Alter § days chlling storage ol sausage samples. the Irequency distribvdion was Cifro-
bacter (icvndil 6 (27.3%) Enterobacicr spp. 5 (22 7%). Eschedichia caoli. 2 (9. 19). il Mrgleus
spp. 9 (40).9%). The lowerlng ol pll by the lactic acid bacleria produces a less lavorable environ-
ment for growlh ol undestrable bacterial types. particularly those thal are psvehrairophic and
putrelaciive (ypes as Pseudomonas spp. and pathogens as Staphylococcus spp. (Speck, 1979).
In addition. some lactic acid bacierfa as laclobacilly seem to produce lacge inlhiibilony inouni ol
H,05 (Price and T.ee, 1970). The 11,0, produced Is inhibitory to a numbaer of Gram negative
and Gram positive specles (Speck, 1979).

[from s study. it can be conchucled that (resh sanisages collected from Isimailia ¢ty were ex-
posed to more extensive handling und processing during immapulacture. which appeared (o have
high micrabiological counts. Good manulacturing practices and sanitatlon stancrd operating
procedures arc keys for reducing wmicrobiological eontamination in mcal products, Most retail
slores (o not have functional guality assnrance programs. as cvidertt In the highor mierobiolog-
cal contarvination m flnal producis. 10 1$ likely that development of retall Mazaed Analysis Crill-
cal Canlrol Point plans would be beneficial to ensure ihe salely of fresh sausage Furthennore.
hutcher «hops operaticns should Inke a closer Yook at how completely they arc cleaning and san-
ftizing grinding equipment. Furlher studles are warranted to idendty eflicient nicans Tor remov-

ing bacterial contaminaton firom coynipment in both processing plants apd rcll stores,
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‘Table (1) : Log mean -alues of tofal psychrotrophic, Jactic acid bacteria and
enterobacteriaceae counts (1S.E.) for beef sapsage stored af chilling
temperature (4°¢)

Total Total Tota)
Psychrotrophic Lactic acid Enterobacteriaccae
counts bacteria counts counts
Time Mean Mini, | Max, Mean Mini. | Max. Mean Mini. | Max,
(£ S.E.) (+S.E.) (+S.E.)
Oday | 3.68 | 243 | 521 | 236 | 0.83 | 3.61 2.56 0.88 | 4.72
12.62 +0.86 | +2.08
2days | 395 |3.21 | 624 | 258 | 211 | 528 3.22 2.61 | 5.34
] #2.85 | F2.l +2.64
Adays | 523 | 399 | 731 | 464 | 337|684 | 373 | 374|621
+4.23 +2.97 +3.24 ’
6days | 6.11 | 429 | 728 | 557 | 4.76 | 7.04 3.95 211 | 4.37
13.01 13.56 +2.34
Sdays | 528 433|733 | 764 | 536|831 | 218 |205]| 413
| +3.34 5.4 +0.2.75

Table (2) : Frequency distribution (%) of most identified psychrotrophic bacteria isolated
from beef sausage under chilling storage (4°c)

Psychrotrophic Time / Day
Bacteria 0 2 4 6 8

Acinetobacter spp. 3 (3.6) 0 (0) 0 (0) 0 (0) 0(0)
Aeromonas spp. 8 (9.6) 2(2.7) 0 (0) 0(0) 0 (0)
Bacillus spp. 1508 18(24.3) | 13¢5y [ 9(103) | 5¢4.7)
Coliform 4 (4.8) 2(2.7) 0 (0) 0 (0) 0(0)
Enterobacter spp- 4 (4.8) 5 (6.8) 6(7) 0(0) 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) 3.9 1 (1.1) [ (0.9)
Staphylococcus spp. | 21 (25.3) | 12(16.2) | 10(11.6) 223 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 (3) : Frequency distribution (%) of most identified lactic acid bacteria isolated from beel’

sausage under chilling storage (4°¢)

Lactic Acid Time/Day
Bacteria 0 2 4 p | 3
| Lactobacillus spp. | 10(34.5) | 22(28.2) | 30(29.4) | 48(35.3) | 55(34.8)
Leuconostocspp. | 8(276) | 19(244) | 24(23.5) | 32(23.5) | 46(29.)) |
Pediococeusspp. | 6(20.7) | 26033 | 32(314) | 4029.4) | 42(266)
Streptococeus spp. 5(17.2) 11(14.1) | 16(157) | 16(1L.8) | 15(9.5)
Total 29 (100) | 78(100) | 102(100) | 136 (J00) | 158 (100)

beef sausage under chilling storage (4°c)

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

Entcrobacteriaceae  Time/Day o B
- 0 2 4 6 8
Citrobacter freundii | 16(16.7) | 8(10.7) | 2(49) | S5(15.6) | 6(27.3) |
Enterabacier spp. 22 (22.9) 18(24) | 7(7.1) 7(21.9) §(22.7) |
Escherichiacoli | 13(13.5) | 16(2].3 11 (268) B(25) | 2¢9.0) |
| Hafiia atvei 4@2) | 103 | 0@ | 0@ | o
| Klebsiella spp. 8(8.3) 34 0 (D) 0(0 | 0(0) |
Proteus spp. 17077 | 20067 | 21¢51.2) | 1237.5) | 940.9) |
Serratia spp. 16(16.7) | 9(12) 0 (0) 0 (0) 0(0)
Total 96 (100) | 75(100) | 41(100) | 32(100) | 22 (100

Mansoura, Vet. Med. J.
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Figure (1) : Changes in log mean values of total psychratrophic, lactic acid bacteria and
enterobacteriaccae counts of chilled beef sausage during chilling storage

at 4°c.
9 B i
' —+T.PC
8 RO —a—T.L.B.C.

Microbial Counts
-
a
\\
(=

TimeDay :

Mo et =

Means Log by the same letier in the same line are not significanily different (P < 0.05)
T.P.C. =Total Psychrefrophic count T.L.B. = Total Lactic acid bacteria count
T.E.C. =Total Enterobacteriaceae couni

N
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