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' P r o d u c t i o n : Pure cu ltu res on h ea t-s te rilized  m eat m edia have generally  been em ployed to understand  how  spoilage flora

develops in fresh  m eat. Infusion  o f  m eat, pep tone, sterile  m eat tissue  and b eef ex tract has been  used  (B ender et at., 1958;

r,d$on and B reck er, 1970; Hone e t a l.,1975 ; B uckley  e t a l.,1976). H ow ever, these  approaches a re  n o t to ta lly  app ro p ria te

o f  p rev ious m icrob ial grow th, h ea t and unevenly  d istribu ted  tissue  w ithin a m uscle  (C h iam balero  e t a l„  1959; Ham m

[ty 911(1 Deatherage, 1960; N anninga, 1962; B endall, 1964; H am m  and H ofm ann, 1965). L erke et al. (1963) developed sterile  press

'UlCe but there has been  no studies on  sterile  b e e f extract. The objective o f  this study was to com pare as a grow th m edium  for

I Seudomonas s te rile  b e e f ex tract m edium  (SB E ) w ith b e e f ex tract m edium  (IBE) w hich was inoculated  w ith "norm al flora" and 
r aii0

Wed to grow  until it was halted  by autoclaving.

0  ^ ATeRia l s  a n d  m e t h o d s

aft^SC im en ta l D e s ig n : T h is experim en t s tud ied  the e ffe c t o f  "norm al flora" and va rio u s in cubation  tim es on  the changes 

4 spoilage v ariab les in uninoculated  and Ps. inocu lated  m edia (F ig. 1). S terile  b ee f w as ground, d iv ided  in to  2 lots, one 

was not inoculated , incubated fo r 48 hr. a t 5 °C , hom ogenized with 10 tim es its w eight o f  d istilled  w ater, au toclaved  at 

“C for 15 m in, and centrifuged a t 2 ,500 rpm  (1 ,020  G) fo r 10 m in a t 4 °C in o rder to adjust the dry m atter to that o f\i ̂ 1
¡t ^ IBl,1ercial b e e f ex trac t (ca. 0 .4-0 .45% ). The o ther lot (IB E ) w as inocu lated  w ith "norm al flora" (ca. 105 ce lls /g ), incubated  

r hr. a t 5 °C and was prepared  accord ing  to the sam e procedure. A fter SBE and IBE substrates w ere prepared , each was 

lded into two subunits. O ne was inocu lated  w ith Ps. flu o rescen s  (ca. 1 0 M 0 3 cells/m l) and the o ther w as m ain tained  as a

’l ^ t r o l  sterile  m edium . A ll were incubated  aerobically  a t 25 °C fo r 48 hr. and w ere analyzed at 0, 6 , 12, 24 and 48 hr. and 

Cheated 7 tim es.
"’V i l a

Sterile M ngrip T issu e - P rior to sticking the b e e f anim al, the sk in  o f  the neck reg ion  was sa turated  and rubbed  w ith 70% 

J °h°l. a  s te rile  k n ife  w as used  to cu t the sk in  and  ano ther s te rile  kn ife  w as used  to  stick  the  v en tra l cerv ica l area.
Ciarc.
%

asses w ere ch illed  fo r 48 hr. a t 1±2 °C and U  dorsi from  the 6 th through 12th rib  sec tion  w as rem oved. A m etal

""Iricai (38 x 610  m m ) coring  dev ice  w as m ade and sterile  m uscle  tissue w as co llected  by the asep tic  technique describedoy i»
n °ne et a |  ( 1 9 7 5 ). Both o f the exposed ends o f  the L . dorsi and the subcutaneous fa t covering the cen tral portion  o f  the

iK'b
:i( st0,

VVere cauterized. C hunked m eat excluding the cau terized  tissue  w as ground aseptically  through a 5 m m  p la te  into a sterile

fit 'Si
’"«cher bag (T ekm ar C o ., C incinnati, OH ). O ne h a lf  o f  the m uscle  w as inocu lated  w ith "norm al flo ra" a n d  the re s t was

¡j °Cu'a ted  and both w ere stored a t 5°C for 48 hr.

 ̂ o f  "N orm al flo ra"- "N orm al flora" was obtained from  beef ribs and grow n to ca. 108 cell/m l in tryptic  soy broth a t 5

10 r> f°r 7 days. Approxim ately 10s cells per g w ere inoculated  into the sterile beef.

' Slstilg_ M eat E x trac t: A fter 48 h r incubation  a t 5 °C un inoculated  and inocu lated  sam ples w ere b lended  w ith  ten tim es its

° f  sterile  d istilled  w ater (L ab-B lender stom acher 400; T ekm ar C o., C incinnati, OH) and both w ere  autoclaved.

^ h t r g Of P t  flu o rr.fr /m s i Ps. w as obtained from  the  C ultu re  C ollec tion  o f  OSU and m aintained on  a tryp ticase  soy agar

5, ' Deckton D ickinson M icrob. Syst., C ockeysville, M D) slant and grow n to approxim ately  109 ce lls/m l in tryptic  soy broth

i^ 'C° Lab. D etroit, M I) for 24 hr at 25 °C. Decim al d ilutions w ere prepared  in saline (0.85 %) resulting  in a level o f  ca. 2.5 x 

Ce,*s/ml.

L— M e th o d s

m easurem en t: The pH was m easured  w ithout dilu tion  by using a C orning pH m eter m odel 7 (C orn ing  M edical and 

M^orks, M edfield, M A) equipped w ith a Polym er Body C alom el C om bination  F isher E lectrode (C at.#  13-639-272, F isher Sci. 

’ Pittsburgh, PA).

co u n t: Serial d ilu tions w ere  p rep ared  and poured  w ith p late  count ag ar (D ifco , D e tro it, M I). P la tes w ere 

Ç *a,ed aerobically for 2 days a t 25 °C (U.S. FDA, 1984).

& assay : G lucose was assayed by the m ethod o f  Salom on and Johnson (1959).

v. ~^&L-Volatilp nitrngpn (TV N ): TVN was m easured  by the m acro-d istilla tion  technique described by Pearson  (1968b).

^ a lL S ls :  A nalysis o f  variance  (AN O V A ) was p e rfo rm ed  on the data se t by using  SAS. T he m ean effec ts  and  their

action be tw een  trea tm en ts (SB E and IB E ), cond itions (un inocu lated  and inoculated) and incubation  tim e p e rio d  (0 , 6 , 12, 
48 L

v9r. ^ h r-) w ere de term ined  (S teel and T o rrie , 1960). C orre la tio n  co effic ien ts  (SA S, 1985) w ere d e te rm in ed  be tw een  the 

es 0 o g  o f  Ps., pH , glucose and TVN) in each treatm ent w hich w as inoculated with Ps. flu o rescen s .
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R ESU LTS: T he analysis ind icated  that g lucose  had  a  P<0.05 th ree  w ay in teraction  and only it is d iscussed . However,
thers
#a)

w as no  s ig n ifican t th ree  w ay in te rac tio n  in the o th e r  d ep enden t v a riab le s , Ps. count, pH  and  TV N . T h ere fo re , two ^

in te rac tio n  e ffec t be tw een  condition  an d  incubation  tim e  is d iscussed . Fig. 2 show s w hen SB E and IB E  w ere  not >n0CU
to

w ith  P s  their g lucose  content increased  s ign ifican tly  a t  6  hr. incubation . The form er tended  to increase  from  zero  up** ® <1 {jj0*
h o w ev er, the la tter tended  to decrease  a f te r  12 h r. T h e  form er a lso  show ed sign ifican tly  h igher g lucose  co n ten t a t a* ^the*1
p e rio d s than  the la tter w hich w as inocu la ted  w ith  "norm al flora". W hen SB E and IB E m edia w ere  in ocu la ted  w ith ?*• 

g lucose  content tended  to increase from  zero  up to  12 h r., how ever, a fte r  24 hr. they show ed a sign ifican t decrease  o f  i

co n ten t due to grow th o f  Ps. A sign ifican t d ifferen ce  o f  g lucose con ten t was observed betw een  these m edia up to 24 hrs.
PH
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N o m ic ro o rg an ism s w ere  d e te c te d  w hen  m edia w ere  not in o cu la ted  w ith  Ps. (F ig . 3 ) bu t in o cu la ted  tned
jbO^Nj

c o n sis ten t sig n ifican t g ro w th  o v e r 48 h r ex cep t fo r 6  h r. when they d ecreased  s ig n ifican tly . It ind ica ted  that P rfc>.
m edia  had  a norm al shape grow th  cu rve. t (

T he pH  values o f  tw o m edia w hich  w ere not inoculated  w ere very stable over 48 hr. (F ig . 4). It was also  found (

w as no sign ifican t in crease  o f  pH value due to inocu la tion  o f  Ps. in SB E  aod IBE from  0  to 12 h r.; how ever, *

in crease  o f  pH v a lu e  w as obse rv ed  a fte r  12 hr. in  these  m edia. A sign ifican t d iffe ren ce  in pH v a lu es between u

m edia  and  m edia w hich  w ere inocu lated  w ith Ps. f lu o r ts c e n s  was o bserved  a fte r 12 hr.
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i„0C1 N d ev elo p raem  in creased  sig n ifican tly  in both SB E  and IB E  m edia  a f te r  24 ho u rs  o f  incu b a tio n  w hen they w ere

j ^ a t e d  with Ps. H ow ever, no sign ifican t developm ent o f  TVN w as o bserved  over 48 hr. in m edia not inocu lated  w ith Ps.

*• 5). T here  w as a lso  no sign ifican t d ifference  be tw een  SB E  and  IB E , and betw een un inocula tion  and inocu lation  w ith Ps
roughout 48 hr.

U0 There w as a very  h ,8 h co rre la tio n  betw een Ps. and  pH as w ell a s  g lucose  con ten t in SB E and IB E  (T ab le  1 and  2).

aJ ' Ver’ c o rre la tio n  betw een  Ps. and  TV N  was not s ig n ifican t. IB E  and  SB E show ed a sim ilar p a tte rn  o f  c o rre la tio n  
0n8 the v a ria b le s .

ÏSCUSSI0N:beef
extract (IB E ) and  am ong vario u s incubation  tim e periods

S ig n ifican t d iffe ren ce  o f  g lucose  was o b se rv ed  betw een  u n in ocu la ted  s te rile  b e e f  ex tract (SB E ) and in ocu la ted

W hen they w ere  in ocu la ted  w ith Ps. s ig n ifican t d iffe re n ce- * " aigim aarn Ullicrcncc
80 noted for the  four spoilage variab les, Ps., pH , g lucose  and TVN. S ign ifican t increase o f  g lucose con ten t in SB E and 

tfedia no t in o cu la ted  w ith Ps. w as o bserved  a t the la te r stage o f  incubation . A pparen tly  h eat dén atu ra tio n  cau ses an

- *as 
„ 1BE
“* ----------------  ------- - „ „

hydr 11,8 o f  ^  Pe P,id e  ch a in s and  thus g ly co g en  w as exp o sed  to d é n a tu ra tio n  c o n d itio n s an d  c o u ld  m ore e as ily  be

£  ' J y2ed to S 'ucose  (W ierb ick i et a l„  1957; Ham m  and D eatherage, 1960). SBE w hich was not subjected  to inocu lation  w ith

Ujed ora co n ta in s sig n ifican tly  m ore g lucose  than  IB E w hich w as inocu la ted  w ith "norm al f lo ra ’ due to g lu co se  be ing  

£  | f ecJ >y 11,6 ' “ o n n a l  f lo ra ’ du ring  48 h r ., re su ltin g  in  a d iffe ren t in itia l g lu co se  con ten t. H ow ever, Ps. g row th  w as no t

bY the low g lucose  con ten t ob ta ined  from  th is m edium . Ps. can  grow  read ily  o n  a wide range o f  substra tes (S ton ieret J] - * --a- —  yuiauici
P, (1976) a lso confirm ed  th is result indicating  that a lim ited  availab ility  o f  glucose did not a ffec t the g row th o f' sPp.
V  ; °n  m eat.vic . T here  was a sign ifican t decrease  o f  g lucose betw een 24 and 48 hr. in both m icrobial grow th m edia w hich

*> S t ; ° CUlated w ith P s- ,n  * '*  study 15% o f  the in itial g lucose con ten t rem ained  a fte r 48 hr. o f  incubation  w hen the  cell

ti  ^  exceeded 10 9 ce lls/m l. T his is d ifferen t from  the observation  o f  G ill (1976) in w hich the concen tra tion  o f  g lucose  a t 

8 dCCreaSed w hen  ^  c c l1  d e n sity ex ce ed e d  1 0 7  b a c te r ia /c m 2 and  re ac h ed  z e ro  w hen the  ce ll d en sity  w as

J< ^i&o mately 3 * 108 b ac te ria /cm 2. G ill and N ew ton (1 9 7 7 ) found that Ps. u tilized  the substra tes in the o rd er o f  g luco se ,

h *c'ds and lactic  acid  in the m eat ju ice  m edium  but the grow th ra te s  declined  when only lactic  acid w as available.

** it lncreased  sign ifican tly  in  SB E and IB E a fte r 6  hrs. In this study Ps. show ed a norm al shape o f the grow th curve. T his

W  m eat e x tra c t p ro v id es an  ideal en v iro n m en t fo r  the Ps. d e sp ite  p rev ious ino cu la tio n  w ith ’ norm al flo ra"  (B a te -

PH * w ,1 '» l te r ,  1959). In addition  to  this Ps. spp. was reported  to grow  at their m axim um  rates in m eat ju ice  m edium  at

V r j i  S betw een 5 .5  and 7.0 (G ill and N ew ton. 1977). M ost species o f  Ps. studied, including parasitic  ones, can  develop  in

V  thamedla With 3  single o r8 *nic com pound as the source o f  carbon  and  energy. An indiv idual stra in  can  use from  60 to

^ o f . n 8 °  d lfferem  carbon sources for its grow th (S ton ier e t a l., 1966). T he significant decrease  o f  Ps. in SB E and IBE a t 6

/  ^ a l  CUhatlon ,im e “ 'S*11 be caused  by the loss o f  enzym atic activ ity  and  the nutritive value o f  the m eat com ponents. The

'  N t i V(, eatm em  n tusc le  causes a loss o f  its enzym atic  activ ity  (M itch e ll and B lock, 1946; G iri e t a l. ,  1953) and the

'  d‘ffereiJce a *Ue o f  P ro te ins (C h iam b ale ro  e t a l., 1959; Ham m  and D eatherage , 1960; B endall, 1964). T here  w as no s ig n ifican t

^Hiet ° f f>s- g row th  betw een  SB E  and IBE m edia excep t at 12 hr. Ps. can grow  read ily  on a w ide range o f  substra tes

i* The . ,**■’ * ^ > ) ,  even  though th is species u tilized  g lucose  p re fe ren tia lly  in liquid m edia (Jacoby, 1964; G ill, 1976).

#0t gr0w n,tlal pH v a lu es betw een the tw o m edia was very sim ilar, w hich suggest that by using g lucose  the ’ norm al flora" did

. en° u8b to a ffe c t the pH . The pH increased  sign ifican tly  a f te r  Ps. w as inocu lated , a fte r  12 hours o f  incubation  in 
IBE. ~  -h)

- fro

01 »1-'* *966).

S,°ws ° c k e rm a n  et al. (1969) reported  that h igher level inocu lated  sam ples increased  in pH late in the storage period. 

* el1 at pH  6 .0-8 .5  and since  their m etabolic  products a re  strongly  a lk a lin e , m eat pH sh ifts to h igher levels (S ton ier

" -t Ttu .
, initial T v k i

Qr. ^  1 VN v a lu es be tw een  m edia was not sign ifican tly  d if fe re n t  TV N  in both m edia s ign ifican tly  increased  a fte r

j the s g en era lly  a ccep ted  that the psych ro p h ilic  bac teria  cau sin g  spo ilage  in b e e f  a re  m ostly  Ps., w hich freq u en tly  

* **>¡5 ... pf0l,uction  o f  am m onia  by d eam in atio n  o f  am ino  acid s u n d e r aero b ic  co n d itio n s (A yres, 1960; M cM eekin  1975)
V T\/n, .

'• s  . .  —  « H i t u v u i i  u y  u c 4 u i i i u u y u  wi i i u i i M  «V. iu» u u u u  4 u u u ( v  u m u i u u u )  M C M e e K in  1 ^ / 5 )
t at  T\/w ♦ *
l ted ,0 N ‘ncreased significantly when the cell density exceeded 109 cells/ml in both media. Organoleptic spoilage is

^  ^ ere w '  ° me E le c ta b le  when the  cell density  ex ceeds 10* b ac te ria /cm 2 (In g ram  and D ainty , 1971)

j, °°d agr S Very h ighly  s ig n ifican t co rre la tio n s be tw een  Ps. and pH and g lucose  in SB E and IBE. Som e au thors rep o rted  
^  entent {D,,

*ted '*v° g e rs  and M cC leskey , 1961) but o th ers  indicated  less ag reem en t (G ardner, 1965). Ps. was not s ign ifican tly
^ itb  T V nj

5 q°*eptic N in both S a ffle  e t al. (1 9 6 1 ) in d ica ted  little  co rre la tio n  be tw een  to ta l b a c te ria l num bers and

pi X MionP P c r,'es but Pearson  (1 9 6 7 , 1968 a , b ) has show n that TV N  estim a tio n s on  m eat stored at low  tem p era tu res  is 

>f *m ,n o n ia  p ro d u ced  w hich  c o rre la te  w ell w ith spo ilage.

4,ed ' ( ' “ in o cu la ted  s te rile  b e e f e x trac t m edium  and b e e f  ex trac t m edium  inocu la ted  w ith 'n o rm a l flo ra"  w ere

gtci 1 o th^  hr ** 5 *C. in o cu la tio n  with "norm al f lo ra ’ in fluenced  the pa tte rn  o f  g lucose, how ever, its grow th d id  not

W hen SB E and IBE w ere inoculated with Ps., there was consisten t sign ifican t
K It H  pH . f t  l t d  TVN

0 ,e d ‘** re su ltin g  in a  no rm al shape g row th  cu rv e  o v e r  48  hrs. D ue to  au to c lav in g  sig n ifican t (P < 0 .0 1 )
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decrease  o f  m icrobial grow th was o bserved  at 6 hr. in bo th  m edia. A fter 24 hr. the two m edia show ed sign ifican t decrease « 

g lucose  con ten t due to inocu lation  o f  Ps. A sign ifican t increase  o f  pH value due to  inocu lation  w ith Ps. was a lso observed

a fte r  12 h r. T y p ical increase  was a lso  ind ica ted  in TV N  w ith bo th  m edia. Ps. w as s ign ifican tly  co rre la ted  w ith pH a"

g lucose, bu t not with TVN. It is obvious that Ps. reac ts  differently  to these two m edia. It w ould be a m ore logical choice : 

evaluating  fresh  m eat p roduct by using  a s te rile  b e e f  ex tract m edium  w hich is no t sub jected  to any contam ination .
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