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k A D D U C T IO N : It is necessary  to use  an  ap p ro p ria te  m edium  to understand how  spoilage flora  develops in fresh m eat and 

sterilizetj m eat m edia have  g en era lly  been  em ployed . M eat in fusion  with pep tone and b e e f ex trac ts  have  been u tilized  

Ood and Bender, 1957; Bridson and B recker, 1970). Unknow n am ount o f  heat u tilized  in these  m edia causes m any chem ical

•"¡at-;

( W ,

(Witerbicki
l terati<

e t a l., 1957; B endall, 1964; H am m  and H ofm ann, 1965) and enzym atical (C hiam balero  e t a l., 1959; N anninga, 1962)

10ns‘ S terile  m eat has been suggested  (H one e t a l., 1975; B uckley e t a l., 1976) bu t suffers from  lack  o f  un iform ity  o f 

Lerke e t al. (1963) evaluated sterile  press ju ice  as a  m edium . U tilization o f sterile  ex tract as a m icrobial m edium  has
5ot been

Huscle,

"'flu,
evaluated. T he objective is to evaluate undenatured  sterile  ex tract as a suitable m edium  fo r Ps. , and  to observe the

eflce o f  au toc lav ing  on  this m edium . 

g^fERlALS AND METHODS

Jlfilita j D esig n : S terile  b eef w as hom ogenized  w ith 10 tim es its w eight o f  d istilled  w ater, d iv ided into 2 lots, and one,

I  autoclaved, was centrifuged a t 4 ,500 rpm  (3,300 G) fo r 10 m in at 4 °C (SBE, Fig. 1). The other was autoclaved at 121 °C and
 ̂ Psi f

^  t0r 15 m in and centrifuged a t 2 ,500 rpm  (1 ,020 G) for 10 min at 4 °C (SBEA, Fig. 1). G force and tim e o f  centrifugation 

Q ^^Var' e<f betw een treatm ents to  ad just dry m atter o f  both experim ental extracts to that o f  com m ercial b e e f ex tract (ca. 0 .4- 

flu ^ A fter the 2 substrates w ere p repared  (SB E and SBEA) they w ere divided into 2 subunits. One was inoculated with Ps. 
3id eSCens (c a - 102 • 103 cells/m l) and the o th er w as a sterile  control. Both w ere incubated  aerob ica lly  a t 25 °C for 48 hr.

, ""alyzed a t 0, 6 , 12, 24 and 48 hr. The experim ent was replicated  7 times.

^ —M uscle and B eef E x trac t: S te rile  b e e f tissue w as co llected  by the asep tic  coring  technique and ste rile  b e e f ex tract

8 °8ta*ned by an  ex tract procedure as described by O ckerm an and Kim (1992).

Pseudomonas fluorescens: C ulture  o f  Ps. fluorescens was obtained by the O ckerm an an d  Kim  (1992) procedure

„ M e th o d s

m easurem en t: The pH  was m easured  w ithout d ilu tion  by using  a pH m eter (m odel 7; C om ing  M edical and  G lass

0fJ s> M edfield, M A).

Dicmas c o n n f  P late count agar (D ifco, D etroit, M I) w as used  fo r Ps. count and  incubated aerobically  fo r 2 days a t 25I
C ""ti rerÇ rePorted as Log CFU /m l (U.S. FDA, 1984).

*-âS5ây: G lucose was assayed by the m

Volatile  n itrogen  (TV N ): TV N  was m easured  by  m acro -d is tilla tio n  technique (Pearson, 1968b).

[) G lucose was assayed by the m ethod o f  Salom on and Johnson (1959).
' lataLy
./^Analysis:

ents.
1st A th ree  way SAS analy sis  o f  v a rian ce  (A N O V A ) w as p e rfo rm ed  an d  m ean  e ffec ts  and  in te rac tio n  be tw een  

co n d itio n s  an d  in cu b a tio n  tim e  w ere  e s tim a te d  by lea s t s ig n ific a n ce  d iffe re n ce s  (S te e l an d  T o rr ie , 1960).

Th» l0n co effic ien ts  (SA S, 1985) w ere  determ ined  be tw een  the va riab les  in each treatm ent w hich was inocu lated  w ith Ps.
i  pH a °d  Ps. count had  a sign ifican t (P<0 01) th ree  w ay in terac tion . T here was no significant d ifference  in un inocu la ted

’"•¡n ' t*le re f ° re  th e  e ffec t o f  co n d itio n  w as rem oved  from  the  an a ly se s. T he d iffe ren ces  be tw een  the  in o cu la ted  and

((iff u*ated sam ples w ere  calcu la ted  and the data reanalyzed . Tw o way analysis for the pH  d ifferences and log o f  Ps. count
eren.ice "-ere analyzed by SAS (SA S, C ary, NC, 1984, 1988).

T h ere  w as no grow th o f  Ps. in un inocu la ted  m edia. Ps. show ed co n sis ten t sign ifican t g row th  in  non-au  toe laved  

dec extract m edium  (SB E ) over 48 hr., how ever, in the case  o f  au toc laved  ste rile  ex tract m edium  (SB E A ) a s ig n ifican t

* 0tyr 1 Fs' grow th was observed a t 6  hr. com pared to 0  hr. (Fig. 2). W ith this exception  it seem ed that Ps. in bo th  m edia

s*er:uurs;>le

eq „
the j .  norraal grow th curve. The Ps. increase  o f  SBE w ere sign ifican tly  h igher than  SBEA from  zero  to  12 hr., how ever, 

erence o f  Ps. grow th tended to disappear a fte r 24 hr. (Fig. 2).

obta: Was no significant increase o f  pH value due to inoculation o f  Ps. in SBE and SBEA for 12 hr. (Fig. 3). T he pH  valueûieq 
t̂T° m th ese tw o m edia increased  significantly  d ifferen t a t 24 hr. and 48 hr. T he pH  increase o f  SB E w as significantly  

48  hr. than SBEA.

^  content tended  to increase  significantly  a t 12 hr. com pared to  0  hr. in the  uninoculated  m edia (Fig. 4). A fter 24 

ln°cu la ted  m edia show ed a sign ifican t decrease o f  glucose. H ighly sign ifican t d ifference o f  g lucose content was
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Figure 1. Experimental flow chart.

Points among incubation time at same treatment, bearing different 
small letters are significantly different (P<0.05). Points between 
treatments at same incubation time, bearing different capital 
letters are significantly different (P<0.01). Increment of Ps. count -  
Log of P s . count of inoculated sample • Log of P s . count of 
uninoculated sample

Points among incubation time at same treatment, bean 9 .
small letters are significantly different (P<0.05). Po,n . $ 4  
treatments at same incubation time, bearing ^  .
letters are significantly different (P<0.01). Increment of P' ,e $j«y.

iminnoulated YpH value of inoculated sample • pH value of uninoculated a

• SBE; Non-sutoclaved sterile beef extract; SBEA; Autoclaved sterile beef 
extract

Figure 2. Comparison of the increments of P s e u d o m o n a s  count in 
non-autoclaved (SBE) and autoclaved stenle beef extract (SBEA) that 
during 48 hr. of incubation (Analysis in Fig. 1).

Figure 3. Comparison of the increments of pH va ,Sfl£A) ' l  
autoclaved (SBE) and autoclaved stenle beef extract ( ¿g 
were caused by inoculation with P s. f tu o re s c e n s  during 
incubation (Analysis in Fig. 1).

On,
o b se rv ed  b e tw een  u n in o cu la ted  and  in o cu la ted  m edia a t 48 hr. N o n -au to c lav ed  m edium  show ed sign ifican tly  less g u 

content than  au to c lav ed  m edium  from  zero  up to 24 hr. bu t this d isappeared  a t 48 hr.

TVN developm ent w as very stable in uninoculated m edia (Fig. 5). Inocu lated  m edia did not show a significant increas®

PH

TV N  up to 24 hr. b u t a t 48 hr. a significant increase o f  TVN was found. A significant d ifference o f  TVN values between
■He

and SBEA w as a lso  o bserved  from  0 to 24 hr. (Fig. 6 ). 

periods excep t 48 hr.

SB E tended to have significantly  h igher TVN value than SBEA at f*1’

Ps¡

Tim* (hours)

Points among incubation tima at sama condition, baanng diffarant 
small letters are significantly different (P<0.05). Points between 
conditions at same incubation time, beanng different capital letters 
are significantly different (P<0.05).

Figure 5. Comparison of total volatile nitrogen in uninoculated 
(average of non-autoclaved and autoclaved) media and media 
inoculated with P s . I lu o r e s c e n s  ( a v e ra g e  of non-autoclaved and 
autoclaved) during 48 hr. of incubation (Analysis in Fig. 1).

Time (hours)

Points between treatments at same incubation 
different letters are significantly different (P<0.05)-

Inmed,a

y

Figure 6. Companson of total volatile nitrogen 0,a 
(S B E) and autoclaved stenle beef extract (SBEA) (̂
inoculated with Ps. f lu o re s c e n s  during 48 hr. of i°cu 
m Fig. 1).

■ 4 s

Noft-autodaved (SBE) and autoclaved (SBEA ) samples were analyzed 
and the 3 way interaction (Autoclaving x Time x Only for P s . 
inoculated sample) statistical results are shown (A and B) in the 
graph and also inoculated and uninoculated (autoclaving absorbed) 
samples were analyzed and the 2 way interaction (Tim e x 
inoculation) statistical results are shown (x. X  y and Y).

Table 1. Correlation coefficients (r) among spoilage variables of 
non-autoclaved sterile beef extract (S BE) that was inoculated with

Points between treatments (A and B. X and Y ) at the same incubation 
time bearing different letters are significantly different (P<0.01). 
Points among incubation time at the same condition, bearing 
different samfl letters (x and y) are significantly different (P<0.05).

P s . f lu o re s c e n s Analysis in Fiq. 1).

Variables >

Variables a pH____ Glucose TV N

PC 0 .8 3 7 " * -0 .5 7 6 " * 0.351*

pH •0.806*** 0 .5 5 6 " *

Glucose -0.392*

Table 2. Correlation coefficients (r) among
autoclaved sterile beef extract (SBEA ) that was ____ '  v
I lu o r e s c e n s  (Analysis in Fig.1).--------------------------- _ _ -----------------

TVf

PC 0.794*** -0 .6 0 4 " *

pH
Glucose

-0 .8 3 4 * "

0.2'*,,
, 4 8 »

.oj!
Flours 4 Comparison of glucose content Pet-seen uninoculateo 
(average or SBE ano S B E »  anr) inoculate.) (average of SBE ano SBEA) 
am) between SBE am) SBEA Drat were inoculated witlr P s . during 48 
Pr. of incubation (Analysts In Tig. 1)

* pH -  pH of media; PC ■
Glucose content 0*g /ml); TVN 
(mg N/100 ml).

’ P<0.05, •** P<0.001

Total volatile nitrogen content
»  pH -  pH of media; PC -  P s e u d o m o n e s  count (Log ■{r0g » f' 

Glucose content (pg /ml); TV N  -  Total volatil«
(mg N/100 ml).

••• p <0.001
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Table 1 shows the co rre lation  from  the inoculated SBE m edium . Ps. count was highly correlated  with pH  and g lucose  and 

^0tTeaIted w ith TVN at the P<0.05 level. It was found that pH , g lucose and TVN w ere significantly corre lated  w ith each other. 

Orrelation co effic ien ts  o f  SB EA  m edium  are  show n in  T ab le  2. As w ith non-au toc laved  m edium  there  w as a very  h igh 

/  Correlation betw een  Ps. count and pH  and g lucose. H ow ever, the corre lation  betw een Ps. count and TVN w as not significant.

A

DlsCUSSION: W hen m edia w ere in o cu la ted  w ith Ps. s ig n if ican t d iffe ren ces  o f  the fo u r spo ilage v a ria b le s  w ere o b se rv ed  

etween SB E and SBEA and  am ong various tim e periods. In this study Ps. grow th in both m edia show ed a norm al grow th 

Urve because a d esirab le  env ironm ent fo r Ps. grow th  rem ained  d esp ite  au toc lav ing  (B ate-Sm ith , 1948; W hitaker, 1959). Ps.

was reported  to grow  in m eat ju ice  a t pH ’s betw een 5.5 and 7.0 (G ill and Newton, 1977). M ost species o f Ps. studied  can 

eVe*°P in m ineral m edia (S tan ier e t a l., 1966). T he sign ifican t decrease  o f  Ps. grow th in autoclaved sterile  b e e f ex tract a t 6 

® 'ght be  cau sed  by  the loss o f  enzym atic  ac tiv ity  (M itch e ll an d  B lock , 1946; G iri e t a l. 1953) an d  nu tritiv e  v a lu e
ht.A

¡(Chi
fcubalero e t a l, 1959; B endall, 1964). T his decrease was no t observed  in  non-autoclaved sterile  b e e f extract.

- j  pH increased  significantly  afte r 12 hr. in both m edia due to  Ps. grow th. O ckerm an et al. (1969) reported  that h igher
5'evei in9I»'“1 . inocu la ted  sam p les in creased  in  pH  la te  in  the  s to rag e  p e rio d . E v en  though  the  pH  o f  au to c lav ed  m edium  w as 

*j  ®Hficantly h ig h er th an  th a t o f  non-au toc laved  m edium  the  in crem en t o f  pH  w as s ign ifican tly  low er fo r  au to c lav ed  m edia

24 and 48 hr. T he in itia l h igher pH  obtained  from  au to c lav ed  m edium  resu lted  in low er g row th  than  non-au toc laved
........................................................................... ................................................................................................. . . . .ied'um.

(Ini
C°S ’frees 

PH

M uscle  tis su e  pH  in creases du ring  h eatin g  (B en d a ll, 1946) and  pH  is a n  im portan t fa c to r in b a c te r ia l g row th

®ra°i> 1962). In  spite o f  the d ifferen ces o f  pH , non-au toclaved  and au toc laved  m edia show ed sim ilar grow th curves w hich 

with R ey et al. (1976). M ost Ps. grow  well a t pH  6.0- 8.5 and since their m etabolic products are strongly a lkaline, m eat 

*°creases (S tan ier e t al., 1966).

.i Glucose o f  m edia  w hich  w ere no t sub jected  to inocu lation  tended  to  sign ifican tly  increase  over tim e. T he hydro lysis o f  
S-

j Protein re su lts  in  g lycogen  be ing  m ore av ailab le . A u to c lav ed  m edium  contains sign ifican tly  m ore  g lucose  than  non-

 ̂ c aved m ed ium . A p p a ren tly  h e a t d en a tu ra tio n  cau ses an  u n fo ld in g  o f  th e  p e p tid e  chains and thus g ly co g en  w as

°lyzed. T here  was a  significant decrease  o f  glucose betw een  24 hr. and 48 hr. o f  incubation in both m ed ia . In th is study

^ 70 o f the in itial g lucose  content rem ained  a fte r  48 hr. w hen the  cell density  exceeded  109 cells/m l and this is d ifferen t

111 Hie observation  o f  G ill (1976). G ill and N ew ton (1977) found  that Ps. grew  a t their m axim um  ra te  u tiliz ing  g lucose  and

ln° acids. A lthough non-au toclaved  m edium  contained low er am ount o f  g lucose, Ps. grow th was not affec ted . Ps. can frOty
readily on a  w ide range o f substrates (Jacoby, 1964 ; Stanier et al., 1966; G ill, 1976).

/  d ev e lo p m en t o f  the  in o cu la ted  m edia s ig n ifican tly  in c reased  a f te r  24 hr. It is g en era lly  a cc ep te d  th a t the
■7 Pŝ ro

ifrcti

°Philic  b ac te ria  g row ing  on and  causing  spo ilage  in b e e f  a re  m ostly  Ps., w hich frequen tly  cause  the p ro d u c tio n  o f 

° n’a by d eam in atio n  o f  am ino ac id s un d er aero b ic  cond itions (A y res, 1960; M cM eek in , 1975). In  th is study TV N  

Sed sign ifican tly  w hen the cell density  exceeded  109 cells/m l in bo th  m edia. O rganoleptic  spoilage becom es de tectab le

Hie cell density  exceeds 108 bac teria /cm 2 (Ing ram  and  D ainty, 1971). A utoc laved  m edium  show ed sign ifican tly  h ig h er

u Value than  non-autoclaved m edium  at all incubation periods except 48 hr. B euk e t al. (1948), G reenw ood et al. (1951) and
__

s»to,lclavi:
(1963) rep o rted  th a t the am ino  acids o f  beef, po rk  and lam b cu ts a re  stab le  on  cooking. H ow ever, in  th is study 

*ng app aren tly  in fluenced  the  am ino acids con ten t, resu lting  in m ore production  o f  TVN.

"7  e ^¡Shly s ig n ifican t co rre la tio n s be tw een  increm ent o f  Ps. and pH in non-au toc laved  and au toc laved  m edia was obaserved .k
authors rep o rte d  good ag reem en t (R ogers and M cC leskey , 1961) bu t o th ers  ind ica ted  less ag reem en t (G ard n er, 1965) 

* com paring these  v a riab les. S ig n ifican t co rre la tio n  w as a lso obse rv ed  be tw een  Ps. and  glucose. Ps. coun t w as a lso  

lilt) ' Cantiy c o rre la ted  w ith TVN in non-au toc laved  m edium  but no t in au to c lav ed  m edium . S affle  e t a l. (1961) in d ica ted  

fy Corre la tio n  be tw een  to ta l b a c te ria l num bers and o rg an o lep tic  p ro p erties  bu t Pearson  (1967, 1968 a , b) has show n that 

estim ations co rre la te  well w ith spoilage o f  b eef as judged  by odor.

,i *5(1 ^ ^ S l O N S :  N on-au toclaved  ste rile  ex tract and au to c lav ed  sterile  b e e f  ex trac t m edia w ere inocu lated  w ith Ps. flu o re sc e n s

lncut>ated a e ro b ica lly  fo r 48 hr. at 25 °C. No m icroorgan ism s w ere  found  in the u n in ocu la ted  m edia. T he co ring

7  iha lC*Ue (H one e t a l., 1975) w ith som e m odification  is recom m ended  fo r ob tain ing  s te rile  m uscle. Four spo ilage va riab les  a5geH •
m sign ifican t‘y d ifferen t pa tte rn s betw een SBE and SBEA at 0  to 24 hr. A utoclaving increased  pH , g lucose and TVN. 

.I' le<*'a show ed norm al grow th curves, norm al rise  in pH and TVN v alues and decrease  in g lucose  over 48 hr. H ighly 

1 corre lations betw een  Ps. and  pH  value and g lucose  content, w ere observed  in SB E and SB EA . The form er show ed

> i aV ,Cant corre lation  betw een  Ps. and  TVN, how ever, the latter did not. It is obvious that Ps. reacts d ifferen tly  to these two
and since  the  non -au to c lav ed  ste rile  b e e f e x tra c t m edium  is c lo ser to re fr ig e ra ted  b e e f  it w ould  be  a m ore lo g ica l

io r ev a lu a tin g  the  m ic ro b io lo g ica l state  o f  re fr ig e ra ted  beef.
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