
A. M. Ahmed et at. . ISSN 1110·7219 
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CHANGES IN FRESH BEEF SAUSAGE 

A. M. Ahmed"'; Kh. I. Sallam" ; M. A. M. Yassien· 

'OCpal1rnent of rood HygieJlf.' & Om/mi. Powll!1 rtf Vel. IUed .. Suez ecmol U" i{'(·rslli /. 

·'nt·/>Orlmenl oJFood Hygiene & ConlrOI. Pacull!J q{Vel. Med .. Mom.outo Ul1ivc>rS!I.I/ .. E~'J.IIPI. 

ABSTRACT 

~lO Ji'e!> 1r locally manufoclured beef sausage scmlples were randomly collected )i'oUl 

c1W<mml butcher 's markets .linin bmaifia cilU ond stored ot chilling If!rnperaflll"t' (,V'C) 

then .' oohlo.1edJo:- post·production bacLeliological changes. The meoll iog U(!llle~.IOr tu

IClI IJsychrotrophEc cOWliS llX.'f"<! 3.GB. 3.95. 5.23. 6.1 1 and 5.28 C;ru/g. tu/tile ./01' Ivllli 

lactic Clcid bacterial counts they were 2.36. 2.58. 4.64. 5.57 and 7.64 ciu/g (U ld/i)l' 10-

10/ 1'lIfcmbacleriaccae coII1I1 II/(.'I"e 2.56. 3.22. 3.73. 3.95 alld 2. J 7 cju/y (II O. 2. 4. G 

and 8 days post storage. respecl"luel!/. TIle meau values oj total psychrotmphic coullts 

jor beq( sausage samples were signUicuntly different (P < 0.05) allover tile s/omrw IX'ri

ods IlJhi le the total lactic acid bacterial COWlts were Hol sigllijican(/y iI1crea.'.ccl III' 1(1 2 

dn.!-I!-; Qf chill ing storage then their COtU1ts were significantly increased (P < 0.05) 10 

reach mcuimum oolue (log 7.64 cJu/g) after 8 days oj s(orage at chilll!d l.ellljJ('m/un: 

(40(."). 011 the oLlter hand. till' 10101 cnterobac/("ri(tc(!(le COU llt in III(' ('xOIIII/lnl ."CHI~(lrW 

samples slgfltjiCW1t1y decreased (P < 0.05) (0 log mean ualuc 2.18 cJit/g 01 Ult' e/lel q( 

siomyc periOd. (8 days). Sausage productiDns by local butcher's morlcels n.:qllired (l 

con.<;ir/emble action to increase its quality alld shelf-life. Some sltggesuons and I"('("()/l!' 

melldal"ionsjor Improuing .'wl/sages qualities toere discussed. 

INTRODUCTION 

45 

Fresh IJcer sau sage Is one or the m ost palatable Illeut pl'Oducls. which mainl.v ('(lmp(lscd o f 

fresh beef llslIfJ.lly uncured, comminuted, seasoned. slu ffed Into casings and mll!>l b~ ("'Poked ful 

ly before ~t:l ving (Stamer. 1976). In Egypl. it p lays an JlHporlnnt rolc In econ<Jllli("' InniS cllIl~ 10 

its consickr<l.ble price anci high Ilmrkct demands. 

The shel f· lile of fresh sausage is limited due to UIC absence of anti -mlcrobinl s IJb ~,;(.) n~·c~ SII (' II 

tiS oltrlle . 10 addlUon, tcmper<1tufe is a key fOf bacleria l growth . Psychl'otrophlC' In.U'I c:d<t. indnd

Ing lact ic acid bacteria and some cnterobactertaccac group. gTOw logarithmica lly ai 4(1C . whit:h 
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, 
means 1,11;11 (:!1illcd 5aw;~ge hav:' a clr<l5lieally s/1ortened shelf·'life'the longer it remains In tem -

peratures at 4°C (Kraft. 1992). Microbia l growth. es'j3e~iaUy psyehrolrop·hs. in the fresh sausaJ'(.c 

together with <lctlvlty of the nlr:a t cndog(;nous enzymes arc undoubtedly parli~lIy n;spol\sibk for 

lhe development of a number ~f a romati c and sapjd compounds (Ordonez.et al. 1999). Morea -, 
vcr, thes( microbial growthes, when inc reased llOd,er favorable conditions tl,lev j}<lflicularly re-

sponSible fol' development of prodllr. t':<1o spoilO'lge. In ~ldditi0l"'! . s uc h mkroorg:an i<': llIs llI;,l,V produce 

heat rCSil:' lanl c m::ymes that may con lhlllC to cause deterioration during la ter slonl!-!t.: even ir the 

bacteria dn m,l mOle survive (GlIUland et aI.. 1984; Borch et al.. 1996 a •• d Hierro et aI., 

i999) . 

Lnoy (20021 reported that a lt.ho ugh predictive mi c robiology genenilly fOCLlsc!; 011 (h c po(enlia l 

outgrowth or spoilage bacterin In rood s. little a tten tion Ius been paid La 1(\('Iie .wid \); u'kria, lAIc 

Uc acid bacteria are a g roup of rcla1ed bacle rla thal produce lact,,_ acid as a n:sult ( II carbohy ' 

drate ferl uc nt<lllon . AJso they have th e "bUlly to grow under a varie ty 01 CIlVil"Oll!l!Clllal condi 

tions whkh allow them to be highly compe tiUve in me.l l produc lS (Stam er. 1 976) , 

r-alllll ~' l ':nh~ robilcteriaccae hils hcen S lJ~esl cd as indit.::ator of faecal <:ontamin<'lltoll of lilCil{ 

produt'l s with the Idea that suc h (;Qntaminillion might possibly be deteeled (:\,cn ('olilnr01s ,H'C 

not pn:selll or viable jHayes. 1992), Fres h sa usage usually li as a higll m inobial pHplllalioll 

could be r;mged from 104 to 5xlOB/ g- 1 (Kraft. 1992). KhaJafalla and EJ-Sherif (1993) rcpodcd 

tha t the mcan counts of psychrnl rophi r: bac teria, enterobacteriaceac timl \<H'ti(' ;1(' ld bacl c

ria in ranciomly collected sau sage samples from retail markets were 2 x 105. 6 x loa illld H x 102 

orgQnlsm~ per gmm. respectively. 

The P11I 'POSC of this s tudy was to cvaluate the changes in total PSyc\1rolrnphi('. \a('ll(' ncid 1)<.\(:

ferial and cntcrobacterlaceac counts post -prodUction of the local mauufacture Ircsh /)('d sOlll~ag

es and dHring. s tOfilgC at ehillcd IcmpCr<ltufe (4°C) . 

MATERIALS AND METHODS 

1. Samples : 

30 fresh beef sausage,'samples we re randomly collected from tile butchcr's lIlarkct~ III Is mai

Iia City . direc tly post-prod 'lcUon. Each samj}Jc. nea, rly wel~hted 200g, was illdlvidu<llly wrapped 

in clean s.terlle polyethy lene bag then Lransli.:rred Immedia tely In ice -box to I"ood Hygicne Labor

atory , Suez Canal Unlverslty, The sll mplcs were stored In chiller at 40C. A part I'rom cad'I sample 

was subjeded to microbiological c\'i.lIlialion in periodica l Interval a t O. 2. 4. 6 and R dil,vS post 

storage, 
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2 . Bacteriologleal analysis (APHA. 1992) 

Te n J,!rall)S Ii'om the core of each saU$<l.ll,e sa mple were asepUc.ally sampled. dihll ccl wit h 90 Illl 

of s teril e 11.1 % peptone water (w/v) in , I sterile stomac her bag anci homogenll'xd in a S tf'lllcwher 

(LJ\B-BLI~ND£R. 400. London. UK) fe)i' one minute Lu provide diiu Uon of 10- 1. ['-ru lll til e.; original 

homogcmlle. I ml was tnmsfe rred l::lscpl.l t"<l lly to a test tube con1alning 9 ml s lcril e- o. 1 ' ~, peplone 

wat er (w /v ) 10 prepa re dllutlon of 10-2. lhen l"rom whieh further ten fold rkclmill :":C l"i ; 11 di/lilion 

up 1010-'"' were prepared. From Ihese seria l dilu tions . the bact.eriologlc<li invcs li.1!<'1 lin n ::-; W(.Tl' pcr

formed . 

2 . 1. Total Psychrotropblc Couu't 

The pOllrin p: technique recom mended by APHA (l992) was used. One IllI !"rum I'; ' e h (l illl iion 

was inol'1I1;11ec1lnto d upllca1e sterih.; PC(I'j dishes then ahou l 15 ml ('If 45°C sl ,mc[n rd pl,dc cm m l 

agar were poured, lefllo s-olidl fy and incubated at 7°e for 10 days. The ave"'''~t: ('011 111 I) t rll1 p li

c.atc plal{'-" wa s ta l{cn and the tota l psyci"lrolrophi(' count was express~d as clu /~. 

2 .2 . Total Lactic acid Bacterial Count 

The pnllring ledlllique recommended by APf-IA (1 992) was lIscd . One m! ["roil] ea e-h dilution 

was hlonllate<i in:'l d uplicate ste rile Pclri dish :~s then about 15 011 of 450C de- Ma n Rugosa 

Sharp {MHS ) etgar were poured . len (0 sO)idlfy a nd incuba ted a t 32°C for 4811 ill dll,wrobic i 'll". 

The aVer~I ;.!C c.ount of dupllcatc pla tes was la l~cn and total lactic acid bacicrla l ("011111 W, lS eX 

presstd as du/g. 

2.3, TotAl EnterobA.cteriaceae Count 

The 1edllliq\,e was recommended by ICMSF (1978). Frorn each or the previoll siy prqwrccl sc 

r ial dilulilll1 . 0 . 1 mt a Hquols wef(' delivered into duplicate sets of Petri dis hes. pn~viOllsly inocll 

la ted by I ;:' ml of steri le viole t red b!l e glucose agar. After su fficient spreading.. <1 !'Over laVl' r of 10 

ml of the nled;um was poured over 2111 the pJates. The plates were incubated at 37()C Il l(' 24 hOlli·. 

The experl{'d rolonies "clear vis ible purple (:olony su rrounded by a ha lo purple- "I.OI1C·· WelT ('ount , 

ed and the results expressed as c.: ["u/g. 

3. Identification of Isolates 

Five n:prescn tnUvc colonies were randomly pick et! frDlll each pb. te or psychrolropllic· .. bc1i C' 
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acid baclerla ,Hid eotcrobactcrl .. weac group, ~<H..:ll ('olony was Iso lated ror Illrlill' i' 

and Idenli lk cll ion by using uioch Cln icai lest~ accofcl l n ,~ to MacFadyean (198B) . 

4. Statistical Anal:) sis 

48 

purilka t ion 

The ohtalned data were s ubj ected to ,.\ one ..vay analys is of \'<l riance (SPSS G.I .2. 1995) to 

s tudy the ~ignlncan(:l: among the rnecHi va lues or l o tal psyclnotrophiC. hu:li( acid badcria a nd 

cllterobadcrim;eae counts In chill cd Sa L1 !;8,f',C samplcs llnde r the (lIO'ere nl ~,I;I ,C!t.: S 01 h;H'i('rinlu,<'i 

ca l analys is. 

RESULTS AND DISCUSSION 

In the recent years. sau sages manuracturlng is i)flsed 011 a hl~bly sophi sl ka l<~d SI'iCIH '(, de

pending PI) the high quality of Ow ingredienls l1 s ed in t.he process ing to sa fc the r:()IlS\IIlICrs from 

foodbornc pathugens a s well as to prolong: the shelni fc of U1 C fina l products (Price and Schwei

gert. 1987), TllC obta ined r esulL<; in thi s ~ llld'f revealed that fresh beef sausilge cOIl :->litlllc <l ('0 (1-

shJcralJle inil.iul (0 day). psyehrntro pIJk. la di c acid bacte r ia a nd cnterobac: tcriil( 'eac (·Ollll IS. This 

d ea rly inciiratcd that the producllnn of !'resh SHUSagc.:S by loca l butr:he l's in 1 ~lIIailia ('Hy ig <lolle 

under l fHHlcquate sanitary a nd hY,!.!i en ic measu res. 

Olfferential bacterial counts : 

The nH' ,Hl log v.1iues for tota l psychrotrophic , towllactlc acid bacteria a nd tol ,d clli c l'o i)acl crl

aceae COli Ills in fresh beef S<lusagc Siored at chi liing tcmperature of 40C W CI'C shown in T<1 b1c Ill. 

It is evident that the mean loe: values for total osychrotrophlc count were 3 .G8 . 3.9 ;.>. 5.2;~ . 6. 1 I 

and 5 .28 du /~ a t 0 , 2. I:. 6 a nd 8 d ays pos t P"OC-:CSSillg: respec tively, The m ean lo/.! vaitl e'> I'll)' 10-

tal lactic ;wld bac t<.:lia l 'coun ts were 2,36. 2 .58. 4.64. 5 .57 a nd 7 .64 cfu / g nf n. 2. 4 . 6 ;J.nd 8 

days p USI p ro('csslng l-especllvely. whe reas t"he res pective m ean log va lues fo r lola l cnl Cfouaclc l'i 

<:l.ceae COII!ltS were 2.56 , 3.22. 3.73. 3 .95 a nd 2. 17 d u/g at 0. 2.4 . 6 and H <IClYs rcs pc c: tivcly. 

Khalafalla and r.1-Sherif (1993) l'ccorded nea rly s imilar mean count values in r<lnciolllly collec t

ed beef silll s agc samples 'from retail roo<.! m arkets. Chill ing sto rage did no t p re\'e nl but dday the . . 
microb ial .I,f rowth In fresh saus age a llCl u s uolly hIgher Ini crobJ a l contenl was clcl C(' leci in s illy.;age.; 

ilfler prolol lgcd storage a t low lcmpcratllres (Korkeala et aL , 1989). Psychrolro l>hit,· alld othe r 

s poilage llIi croorganisms when rea r:h conSIderable high counts they cause defects in lll c;;ll prod· 

uets s uch as sour, off-navour, d is r nlOllfCll.ion . gas produc tion . slime prodlldioll iHHI <iCI'I'C,lSC in 

pH (Dorch et al .. 1996) , 
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rl~lIn ' (I) declared the c:ha n).!(::~ in [ola! ps,Y(' hrolropht c. la c tic acid l)ac'tcri()1 ,Hlcl ('I11\:rob<l("I(:. 

riu(;efll: ('ollnls in fresh sau sage <luring storage al ('hilling temperatu re ,(40 C). Til c 11Jt',l ll'V;'ducs o f 

lota! pSyl'hrolrophic counts for bed s"lusa~c saml?les were slgn illcantly dilfcrcnl (I' <: 0 .051 allo

ver tbe ~[on*e periods, The psyC' ilrolrophir bacleria continue tn grow in Ihc heel" :-.allsa.l!.e liII 

reach hlt!itcsl counts (log 6.11 cf\l/g) alter 6 days stol'age under chJlling telll[JcrallllT (4()C). lhen 

the COllnl s :-> iJ.!nlficantly (P<O.05) <.Ict:reased ling 5.28 du l tV at the end of storngc period (H days). 

FreG,l1ency distribution of existed psychrotrophic bacteri.a ; 

The frequency distribution of mos[ identified f'~ " chrolrophi(' IHlCh'lia isolnt ed frotH eXdl olnccl 

sausage ~ . ll11pl es ""'ere listed In I;lblc 12J. Th(' most identi!lcd psyduo:rophi( "pp. f'-PHi s<l llsaJ,tt 

smnplc!:> ;I! 0 day were Acinetobadcl' spp. :3 (3.6u;\,). Aeromonas spp. 8 (9.l)'%). [1;\('111\1:-; ~pp. 15 

(l8.1%1. CliliftWm4 (4.8%), Enlero!)adc r !'>pp. 4 14.8%1. Lactobacillns spp. 2 12 .4'J'i,). 1.{·llnltlost(K 

spp. 3 13. G%J. Micrococc us spp. 12 (14.5%). Pseudomonas spp. 5 (6%1. Slaphylu(,()(TI IS spp. 21 

125.3%1 :11 lei 5[ reptococcus spp. 6 (7.3%). A! :inetobac('er spp .. Acromon<lS spp .. Coliform and [':0-

l erob.lC:lcl· spp. wen ' not ?eteclcd ,,(tel' 4 days from chilling s torage at 4°C . The prc(\omin<l.lcci 

psychrntrnphiC': Spp. i n sausage samples aller 8 days chill ing storage were LaC':lobiWiUu:-,; spp. 45 

(42.1 %) alit! LClIC':onostoc s pp. 30 (28%). 

Reduelion in temperatures is one of lhe :)1ost impor\ant m eans of restrictill!!. b~H'lcrial ~ .. ()wlll 

and is 01 particular C':oncern in r(lm;icl cring psyc hrotropl1\c sl-l0ilage organis11ls <llId 1 );\lho.t!cn~ 

(h...:·aft, 1992) . 1.lle decrease In pSydlrolroph;" cOllnls in the eXAmined SD,\lSa,l!(' ~<lll\plt· :-. ('ol!ld b(' 

resulted lmm the effcc t of sonle additives lil{e sodium chlo,ride and the ('hall1!CS in Ill\' pliOI' [I\e 

products on th e psychrotrophk growth (Gilliland and Speck. 1975). The produc lioll 01 add by 

lactic acid bacteria is one of the llrs1. lllan ifesta tions or their growth in sausage. Ladlc ;.J('id Is lhe 

one ;JI'Oclu('cd at highe r concentr<:\!:ions. although other acids arc produced il' minor Qll<ll1lJlics. 

among I hem is th:' lac~c acid which probably Ihe mosl importa nt. Acel.ie add . wllilc Ix:in~ 

present in f;lTIall concentra tion s. Is parlicularly toxic to sOllie bacteria (Pinheiro et al.. 1968). 

Reg(\r(lin~ 10 the total lactic acid bacterial COllnt::; in sausage samples slored <II dlilling tem 

peraturc f4"C1. figure (l) revealed the log mean values of tOlal lactic acid bar[cr!al cOllltls werc 

not slgnllkantly Increased up to 2 days chilling s torage then the counts SI,l!IlHkan l1v illncased 

(P < 0.05110 n:ach a maximum value or log 7.64 du/g after 8 days at c hilling IClllpcra lnrc: 14 HC). 

Frequency distribution of isolated lactic acid bacteda: 

LacllC add bac terJa as presently constltul.t:d consist of 4 genera: lactobacil lus. LClln)l)ostoc. 

PedlococC'lts and Streptococcus. (Jay, 1986). These organisms are wide s prC<.l d ill llilillre ,md 
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the nalllr;d hll1)ltD.t of some Is un . kar. 

The frequcncy distribution of most identified ta cHe acid bacteria Isolated from ~;l \1S<I.aC sam· 

ples al 0 (lilY. were lac tobacillu s spp . 10 (34 .J%). l.e ueono"stoc spp. 8 127.6<%). Pcdio('()( ' ('\lS spp . 

(20.7%) Hlld Streptococc us spp. 5 {17 .2%1. while 1h(' recorded (req uency fo r s uch isohlh"s ancr 8 

days chilling storage at 40C were reached to 55 (34 .8%1. 46 (29.1%). 42 (26.G" ,,) ;\nd 15 (9 .S%) 

respc.{'liv(·lv {T:'lble 3). 

It i s Iloliced that lacUc acid bllclcrla were the predominant microorganI s ms dllri!1,1! n·frigt'rat

ed storilJ!\.· Lind tha t is exp. ·(:ted in sausage products (Nycbas and Arkoudelos, 1990). TIll" (,U)\

tam\naUOll of sau sage by lactic ac id hacte rla occurred <IS a result of the 1H~11t 1 t";l(' lliri ll~ and h.lI1· 

dlinl~ pron~sses . the envlronmcn, and worl{lng surfaces contrlbLlt~d to !';au s;"! ! .c ("onl ;1I llin(11iOll or 

va rious l 'ypC~ of lactic ae id bacter ia (Dykes, et al.1991). 

Same1is and Georgtadou {2000} ind icrllcd thaI L;.Ictobacillus and Le ucol1(lsl()( 's .... pp. we re (lC ' 

CUI"I"cd al ('ollslderable h! ~her inc idences (92-96% a nd 14-2 1% respec tive]:,') in chill ed sausage 

s tored <11 ' I"e' whereas Pseudomonas <.I nO MicrO(.:occi.1ceae spp. grew. but failed 10 Inf'l"casc ahuvc 

to!) cfu l.l! ill illl s:lInples durlnM ch tlli ng st orage. Ladlc acId baeterJa are responsible !(I r dcc n',l se 

of pH of the s.uS-.."l,,;es during ch illing sfor~c (Lucl(e. 1989). Regardless the u sc 01" bdle <lcl(\ 

bacteria as a major p otential biopreservatlon for some foods of anim a l origin b(.'Ci IH Sl' they arc 

~fe to ('O IlSlHnc r, Uley na tuJ"8 t1.v domi nate the mlcronora of Olany fooels dllriLl~ its s lol"nge 

(Sm~~, 1996) . they hav(. been implicated in ou l'breaks of foodbome il lness ilnd sl1«l"(' pHillie 

health hm~:lr(\ (Froux et at., 1999). 

On 1.111' uther ham;. the enleroh.wlcri.u:c' le counls in Ihe examined sC:l lISa!!e S,111Ipk .... IVt'l'C slg· 

nlflcanUy lIlcrcased (P < 0.0 5) ull clc r clJilIin ~; stOfil.l!C up to maximum Jog mean \·,.dlles 13.7J and 

J.95 c ht fl.! at 4 and 6 days respet'tivc ly). 1.I1cn de{'reased signlOcunUy (P < 0.05) to lo.t.: 11I\.':l n val · 

ue 2.1Sl lll /g. a rter S days. at the end of storage per iod \figure 2). 

Frequency distrihution .,f identified enterobacte rlaceae : 

The mos tly Identified enterobad erlaceae isolated f,'om sausage samples at 0 duy slo1"<l.l!C werc 

Cltrobacln frClindii. 16( 1"6. 7%): En lc robacter spp .. 22{22 .9%}; Esche richia colI. 13 11 3.5%1: Haf-
'. 

nia alvei. 4 (4.2%): KlebSiell a spp .. 8 (8.3%): Proteus spp .. , 17 (17.7%) : and SelTatia ~~p .. 16 

06.7% 1. II is worthy to mention !.ha l the detection of coli fonns (E. colt . Enterobactcr . Cl lrobactcr 

und Kkbsiellal in the sausage- samples a t 0 day storage is hi.dlcators of fccd l {~()nl ;lIHin alion of 

the prod ucts during proce~)ing (Kraft, 199;Z). Fortunately. thc growth of the family clll crnb~'l"te

rlaceae m"y be s uppressed by salt 01' p resence or lacUe acid bacteria a t re frigera ted ICHl pCril(;trc' 

Mansoum. Vet. Med. J. 

f 
Vol. IV. No. '2. 2002 



A. M. Ahmed et oz.. . 51 

(Gill. I !)Hn). AII(~r 4 d((ys chll lil1,!! s innl,!!" of S'lIlsag(; . 11 4°C. Ha rnirl " l vc.: L Kld):o. idb :-' I'p . ;1/1d Sci'· 

raUn s pp .. were not recorded . while olher Isol "lt.es appc<l n::d to decrease in iheir l'n.·q IH.' IICy dis l)" i

buUon . I\lIer H days chOline s ton lgc o f sausage samples. the frequency eli,,!r!b .. 1iol] W;lS Ci!ro

bacter fn'llnelii 6 (27.3%) EnterobaC':1cr s pp_ 5 (22 .7'%). Escherichia ('oiL 2 (9 . 1')1,1. itlld "]'o l ('lIs 

spp. g (4(). ~1Il'()). The lowering of pI I by the lactic acid bac teria pruduces a le~s i~lVO I";.l!) h: environ

ment II)!- .t: ruwth of u ndesIrable h,\cl erial lyr es. parllcu larly thuse thal arc p!';~l('h r()lr(l p hi(' ,\Ilel 

putrd~\("1i \-C types as Pseudomollils spp_ and pa lhogens as St .... tphylococcu s spp. {Speck. 1979). 

In addltloll. some lactic a r.ld bac- Ieri a as lac tobac ill i seem to produce lafgl' inhib itory ;nllOl Hl l (If 

H202 1PrIce and '.lee. 1970). n'e 11 2°2 produced Is inhibitol)' to n nUlllb;.,;r 01 (i r,lIll I)c~;l!ivc 

and GnllH positive species (Speck . 1979) . 

prom Ih is s tudy. it can be con('llI<icd thtl t h-esh ~~lllsagCS collec ted from Is nlail hl d t.v wen' ex

posed to m orc c;,ten slve handlin.~ <-lncl pnJccsslng cluring manufactu re . w hic h appc<Hni 10 1l0\ vc:

high Ill inoi>iologlcal counts. Good rnnnulhcl uring pnlc1ices and s4In ilaUOIl :o:(a llc1;t r{) opcl"<llill/-!: 

proce(\\In' :o: Me keys for reducing mic robiologIca l l'ontamlnaUon il} tnC<ll produrl:o: . M[)~l rCln n 

stores dll 11(\1 have limd iona l qU ~l lily RSSIHTlnce pmgroms. as clI Jdenllo the hl.l!ilcr IHi(To/)ioloJ.,!i

cu i conl allli nallon In nnal produ t"( s. II Is likely L1l<ll developm ent or retail I·laz"lrd Afl,t!v~ i s Crill

cal Control Point plans would be beneficia l to ensure Ihe safety of fresh sau sage. FnrllH'nnorc. 

butcher ~llops opcratjc,:ls should I<l ke a cl oser look at how comp le te ly they arc dcallill.l!. and ~; IIl 

Itlzlng ~ri nd !n~ equIpment. Fu rlher sll.1ciks are warra nted to idenUty eill cie lll 11\{.\lll ~ I;'r rCIIHlI'

ing bac.lerial ("(lOtamlnatlon from equlpm enl in bolh processing plants an<1 rdai l sh,res . 
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'fable (1) : i..og mean '_: alues of total psyehrotrophic, lactic acid bacteria and 
cntcrobacteriaceae counts (±S.£.) for beef s3,usage stored at chilling 
temperature (4°c) 

Total Total .. Total 

Psychrotrophic Lactic acid 
Enterobacteriaceae 

counts counts 
bacteria counts 

Time Mean Mini. M,ax. Mean Mini. Mu. M .. " Mini. Max, 

I (t s.E.) I (t S.E.) ItS.E.) 

o day 3.68 2.43 5.21 2.36 0.83 3.61 2.56 0.88 4.72 

±2.62 t o.86 +2.08 

2 days 3.95 3.21 6.24 2.58 2. 11 5.28 3.22 2.6 1 5.34 

±2.85 ±2. 11 +2.64 
.'. 

"~ days 5.23 3.99 7.31 4.64 3.37 6.84 3.73 3.74 6.2 1 '. 
±4.23 ±2.97 ±3.24 

6 days 6.11 4.29 7.28 5.57 4.76 7.04 3.95 2.1 1 4.37 

HoI ±l56 +2.34 

8 days 5.28 4.33 7.33 7.64 5.36 8.31 2.18 2.05 4.13 , . 

±3.34 ±524 ±0.2.,75 

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

", .. -, 
Psychrotrophic Time I Day 

Bacteria 0 2 4 6 8 
Acinetobacter SDD. 30.6) 0(0) 0(0) 0(0) o CO) 
Aeromonas spp. S (9.6) 2 (2.7) 0(0) 0(0) 0(0) 
&ci/lus spp. 15 (l8.!) 18 (24.3) 1J(l5.!) 9(10.3) 5 (4.7) 
Coliform , 4 (4.8) 2 (27) 0(0) 0(0) 0(0) 

Enlerobacler 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.S) 45 (42.1) 
Leuconostoc SPD. 30.6) 5 (6.8) 16(IS.6) 25 (287) )0 (28) 

Micrococcus spp. 12 (14.5) 15(20.3) II (12.8) 8 (9.3) 9 (S.4) 
PSl!lldomonas spp. 5 (6) 5 (6.8) 3 (3.5) I (1.1) I (0.9) 
SlIlphylococcus spp. 2 1 (25.3) 12 (16.2) 10(11.6) 2 (2.3) 2 (1.9) 

Streotococcus soo. 617.3) 4 (5.4) S (9.3) 10(11.5) 15 (14) 

Total 831100) 74 (100) 86 (100) 87 (100) 107 (100) 
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Table (3) : Frequency distribution (%) of most identilied lactic acid bacteria isolated from beef 
sausage under chilling storage (4°c) 

Lactic Acid TimelDay 
Bacteria 0 2 4 6 8 

Lactobaci/llu spp. 10(34.5) 22 (28.2) 30 (29.4) 48 (35.3) 55 (34.8) 

Leuco"osloc spp. 8 (27.6) 19 (24.4) 24 (23.5) 32 (23.5) 46 (29.1) 

Pediococclis spp. 6 (20.7) 26 (33.3) 32 (3 1.4) 40 (29.4) 42 (26.6) 

SlreplococCUs spp. S(I7.2) II (14.1) 16 (15.7) 16(11.8) 15 (9.5) 

Total 29 (100) 78 (100) 102 (100) 136(100) 158(100) 

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

beef sausage under chilling storage (4°c) 

Enterobacteriaceae Timel Day 

0 2 4 6 8 

Citrobacter Jreulldii 16(16.7) 8(10.7) 2 (4.9) 5 (15.6) 6 (27.3) 

Emerobacter spp. 22 (22.9) 18 (24) 7 (1 7. 1) 7(21.9) 5 (22.7) 

Esc"ericllia coli 13 (13.5) 16 (2\3) II (268) 8 (25) 2 (9.1) 

HO/llia alvei 4 (4.2) I (1.3) 0(0) 0(0) 0(0) 

Klebsiella spp. S (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 (1 00) 
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Figure (1) : Changt>s in log mean values of total psychrQtrophic, lactic acid bacteria and 
eoterobacteriaccae counls of chilled beef sausage during chilling storage 

Time.o.y 
, 

'-----_______________ . .1 
Means Log by the same letter in the same line- are nol significantly diffcr~nt (P < 0.05) 
T.P.C. "" Total Psychrotrophic count T.L.8. - Total Lactic acid bacteria counl 
T.E.C. - Total EnterobacteriactU count 
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