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D, I'ac? ' A CHAVEZ G., ARELY P R A D O  B , ISABEL GUERRERO L.
„N,i1A,[ft N ,  or B i o t e c h n o l o g y , U n i v e r s i d a d  A u t o n o m a  M e t r o p o l i t a n ^, 
^ xko *Z t a p a i a p a . A p a r t a d o  P o s t a l  55-535, 0 9 3 4 0  M exico D.F.,

^ S U M M A R Y :  B r o c h o  trix i h e r m o s p h a c í a  is o n e  
i\()i,,VR(ían i s m s i n v o l v e d  in m e a t  s p o i l a g e . A m o n gOiaÍÜUceDAh'Nts.

OF THE MAIN 
THE C O M P O U N D S

BY IIIIS MICROORGANISM, AS WEL L AS EJY PSEUDOMONADS, ARE 
FocyV":3' RESPONSIBLE FOR THE PUTRID ODOURS. T lllS  STUDY WAS 
W T D ,n  d e n n i n g  THE CHANGES IN DIAMINES CONCENTRATION IN ML AI
H i UCT|C A CID BACTERIA WERE INOCULATED AS ANTAGONISTS OF B
Wtte , spBAc fA a n d  P s e u d o m o n a d s  W r a p p e d  a n d  u n w r a p p e d  p o r k  s a m p l e ;
N b | A M CULATFD W,TH LAC,|C ACID BACTERIA; A N  IMPORTANT REDUCTION 
saL M,NES CONCENTRATION W A S  OBSERVED IN INOCULATED A N D  WRAPPED 
fiAcr.i,8 ^ POSITIVE CORRELATION W A S  OBSERVED BETWEEN L.AClIC ACID
•̂AMlkir A N D  ^ THERMOSPHACTA POPULATIONS. IT IS ASSUMED IHAT 
8. T.«tS ARE DEPLETED (PROBABLY METABOLISED) BUT THE POPULATION OF 
0̂(1,, MospBACTA DID NOT DECREASE WHEN LACTIC ACID BACTERIA WEREE lated.

THERMOSPHACTA IS ONE OF THE MAIN 
IN AEROBIC AS 

ONL Y GRAM-POSIT IVE
MicRoIR0DUCTI0N; B ........... ...... ~

0FiQAN|CMS RESPONSIBLE FOR MEAT SPOLAGE, BOTH
hlĉ 0 AS ANAEROBIC CONDITIONS. THIS IS THE ONL. ---

°A n ICM F O U N D  IN CONSIDERABLE A M O U N T S  IN MEAT STORED IN A N  
P'ROn, ENVIRONMENT. B y A N  INCOMPLETE OXIDATION, ITS METABOLISM 
AM(j ^ E D  ACETOIN (3-HIDROXI-2-BUTANONE), DIACETYL (2,3~BUTANONE) 
c^ acetic a c i d. T h e MAIN NON-VOLATILE C O M P O U N D S  PRODUCED APE 
SlW^EfNNE A N D  PUTRESCINL, RESPONSIBLE FOR PUTRID ODOURS IN

m e a t . H o w e v e r , t h e s e c o m f ’o u n d s  c a n  b e  a l s o  p r o d u c e d  b y  
°M o n a d s  a n d  E n t e r o b a c t e r i a c e a e  m e t a b o l i s m s , r e s p e c t i v e l y  of? 

St0bABy PURELY CHEMICAL REACTIONS DURING THE FIRST DAYS OF 
b̂ XlDp ^ MEN THE MEAT IN WRAPPED WITH A IMPERMEABLE FILM, C A R B O N
'Vurf a c c u m u l a t e s  in i

O N A D S  p o p u l a i i o n  ----------- ---------------- -----
S|KjA.(>iiPMACfA, BECOMING THIS ONE THE F’REDOMINANT FLORA IN THIS 
fATTv'ION, GLUCOSE IN CONVERTED TO ACETOIN A N D  TO SHORT CHAIN 

a c i d s, p r o d u c i n g  a  "s w e e t “ o d o u r , c h a r a c t e r i s t i c  of 
V u A c t ,o n  S o m e  s t r a i n s  of l a c t i c  a c i d b a c t e r i a  c a n  a l s o

C O M P O U N D S  RELATED WITH PUTREFACTION, MAINLY IN V A C U U M  
^ ttl b m e a t . H o w e v e r , s o m e  s t r a i n s  u s e d  c o m m e r c i a l l y  a s  s t a r t e r s  
s-  R e n t e d  s a u s a g e s  c a n  b e  u s e d  t o c o m p e t e  s u c c e s f u l l y  with 
8aqtACE m i c r o o r g a n i s m s , p r o d u c i n g  IN SITU l a c t i c ACID a n d  ot,5EP

Ep,°CTATIC COMPOLJNDS. THE OBJECTIVE OF THIS WORK W A S  TO STUDY
'1jP v i v a l o f  P s e u d o m o n a d s  a n d  B t h e r m o s p h a c t a  w h e n  a  m e a t

Ŝ 4lh TE ,S ,NOCULATED WITH A COMMERCIAL LACTIC ACID BAG TER

DECREASING THE 
NUMBERS OF B

M a t e r i a l s  AND METHODS: P o r k  c a r c a s s e s  w e r e  s a m p l e d  a t  r a n d o m  
A f f e r e n t  r e g i o n s  in a  l o c a l  c o m m e r c i a l  a b a t t o i r . T h e

'■ e A--- ------------  3 TO 4 HOURS BEFORE SAMPLING THE CARCASSES
NUTRITIONAL BACKGROUND W A S  KNOWN.,'l<) s l a u g h t e r e d  FROM 

*' tJRLEL). AGE OR
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ypjg
SAMPLES WERE CUT INTO 5 Cm 3 PIECES A N D  ALLOCATED AT R A N D O M  
I R 1  A  [ M I  NTS IN A COMPLETE RANDOMIZED DESIGN, AS f O l A OWS:

TABLE 1. E x p e r i m e n t al. or si g n

T1 M A [ MENT CoNDIT ION

1 VACULJM PACKAGED, UNJNOCUI A TED
il V A C U U M  PACKAGED, INOCUL A I L D
3 U N W R A P F ’ED, UNINOCLJLATED
4 UNWRAPPED, INOCULATED

4. WA4 S
INOCUL a  I ION OF LACTIC ACID BACTERIA IN TREATMENIS 2 AND P|A
PERFORMED BY IMMERSION OF THE SAMPLES IN A LACTIC ACID y y(GjSA' 
CELL SUSPENSION. A COMMERCIAL STARTER (LM~3 BlOCARNA,
M exico C iiy, c o n s i s t i n g  in a  m i x t u r e  o f  L a c t o b a c i l l u s  bUL qooo^ 
a n d  M i c r o c o c c u s  k r i s t i n a e-v a r i a n s ) w a s  first g r o w n  in ftfEH 
LIQUID MEDIUM A N D  INCUBATED Al 37 C UNTIL 0.D.-1. IT ,hJ
DILUTED WIIH STERILE DISTILLED WATER, A N D  THE SAMPLES SUBMER 
THIS SUSPENSION FOR 3 MINUTES.

AVERAGE R O O M  T E M P E R A T ^ g e
IG R£S^ 
degreeCONCENTRATIONS;

P s e u d o m o n a d s a n d
ß

T h e s a m p l e s  w e r e  t h e n  s t o r e d  a t  27 C, a v e r a g e  r o o m  '«'"'-¿•epoi 
M ex i c o, a n d  a n a l y s e d  a t  d a y s  0, 2  a n d  4 f o r  t h e following of
VARIABLES: PUTRESCINE A N D  CADAVERINE 
OXIDATION; pH; LACTIC ACID BACTERIA,
THFRMOSPHACTA POPULATIONS.

A
T h e EXTRACTION OF DIAMINES W A S  CARRIED OUT F O L L O W N . ^  
MODIFICATION OF THE METHOD REPORTED BY SPINELLI (1974), EX' fit*0
DIAMINES FROM THE MEAT WITH PERCLORIC A C I D , C H L 0 R 0 F 0 R M / B U T A N hAH ^  
HEXANE. T h e EXTRACTS WERE THEN APPLIED TO A SEPHAROSA l o H Eo'i 
COLUMN, USING A Na C l BUFFER WITH A ION STREGTH GRADIENT ^ » v E ^
0.2 M). T h e p e a k s  w e r e  c o m p a r e d  w i t h p u t r e s c i n e  a n d  cAU
STANDARDS.

T h e d e g r e e  o f  o x i d a t i o n w a s  a n a l y s e d  b y  t h e  T B A  m e t h o d . &
P s e u d o m o n a d s  a n d  L a c t i c a c i d b a c t e r i a  c o u n t s  w e r e  A N A L V S ^ p  „V
STANDARD METHODS. POPULATIONS OF B. THERMOSPHACTA WERE AN/Zpu0^0,°c 
THE MEDIUM REPORTED BY GARDNER (1966); M A C R O  A N D  MICRO"MOKP

WELL AS BIOCHEMICAL REACTIONS OF THE MICROORGAN|sM^ A|TÉ5/W-AS
COMPA R E D  WITH A STANDARD
U n i v e r s i t y o f  No t t i n g h a m

KINDLY PROVIDED BY PROF.

A ll t e s t s  w e r e  p e r f o r m e d  in t r i p l i c a t e, a n d  t h e
USING A S A S  PACKAGE ADAPTED TO A  PC.

RESULTS ikNAl'V
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LTS AND DISCUSSION: TBA v a l u e s  h a d  a  high positive
°r 0k„m ,,ON WI,H P sl,Jl)OMONAI)S POPULAT IONS, INDICATION A P R O M O  HON
frn;CT J I(JN d u e  i o h ie  g r o w i.. or mis m i c r o o r g a n i s m . T h e s a m e  
"'^Mosr OBSFRVED HE I WEEN CO U N T S  OF LACTIC ACID BACTERIA AN D  B. 
>  W ACTA i' si IOULD BE POINTED OUT I HA T N O  DIFFERENCIATION
^ 0 , 0  0BElwtEN NAIIVL LACTIC a c i d b a c t e r i a  Cp r o b a b l y  s p o i l a g e  

DRS THEMSELVES) A N D  THE INOCULATED STRAIN.
HOWtVFr
CAt)AVb:pi ,r W A S  EVIDENT IIIL DECREASE IN THE CONCENTRATION OF 
0rilj|An AN,) ,>UIRESCINI Willi A N  INCREASE IN LACTIC ACID BACTERIA

C o n v e r s e l y , t h e r e  w a s  a  pos i t i v e c o r r e l a t i o n  b e t w e e n  
;AiM v tp Nl c o n c e n  i r a  i io n a n d  P s e u d o m o n a d s  p o p u l a t i o n s . D u e  t h a t
C0̂ ELat IS MA,NLY PRODUCED BY ENTEROBACTERIACEAE, THE
0̂BVJLAT|ION COEFFICIENT BETWEEN CADAVERINE CONCENTRATION A N D

'ONS OF B. THERMOSPII AC T A A N D  P S E U D O M O N A D S  IS LOW.

,A LNt̂ t,on

v  t,on

IA

IIME TBA
VALUES

pH PUTRESCINE
CUNC.

CADAVERINE
CONC.

Lactic acid
bacteria Pseudomonads

POPULATION POPULATION

-OOOH
0 .2 3 9 -0  4 ?y

0.163 0.295 0.321 0.320

0.1 IS 0 411 -0  230 -0.170

0 488 0 255 0 402 -0  060 -0 .4 9 6

0.753 0.329 0 542 0 5 5 2 0.133 0.318

0.74 3 0.253 -0  336 0.723 -0  227 0.641 0.813

473



T h e r e  w e r e  n o t  significant d i f f e r e n c e s  r e g a r d i n g  T B A  v a l u e  ^
V A C U U M  PACKAGED OR U N W R A P P E D  SAMPLES. In  THE SAME WAY- 
RESPECT IO TIME OF STORAGE N O  SIGNIFICANT DIFFERENCES  ̂
DETECTED I OR TBA VALUES IN V A C U U M  PACKAGED SAMPLES. THIS jO
PROBABLY DUE TO THE REDUCING CONDITION WHICH PREVENTS oXIDA^nAT|0N 
TAKE PLACE. CONVERSELY, U N W R A P P E D  SAMPLES HAD A  FAST jC
r a t e . In o c u l a t e d  s a m p l e s  a l s o  h a d  h i g h e r T B A  v a l u e s  probabl
fO OXIDA1 ION CAUSE IT BY THE METABOLISM OF LACTIC ACID BACTERIA

Kl 0̂
No n e  or th e s o u r c e s  o f v a r i a t i o n  (i n c u l u m , p a c k a g i n g  c o n d i t i o ^  
time) h a d  a  significant d i f f e r e n c e  w i t h REGARD TO Tl#
CONCENTRA HON. CONVERSELY, REGARDING CADAVERINE C O N C E N T R A T E  
THREE SOURCES OF VARIATION HAD A  SIGNIFICANT DIFFERENCE.

AS EXPECTED, THE PACKAGING CONDITION HAD SIGNIFICANT 
WITH RESPECT TO LACTIC ACID BACTERIA POPULATIONS, V A C U U M  
SAMPLES HAD HIGHER COUNTS..

P s e u d o m o n a d s  a n d  B. t h e r m o s p h a c t a  p o p u l a t i o n s  h a d  a l s o
DIFFERENCES REGARDING P A C K A G IN G ; HIGHER P O P U L A T IO N S  WERE 
U N W R A P P E D  SA M P LE S . HOW EVER, WHEN THE S A M P LE S  WERE INO CULATED g 
LA C T IC  ACID  B A C T E R IA , P S E U D O M O N A D S  P O P U L A T IO N S  DECREASED BU 
TH E R M O SPH AC TA P O P U L A T IO N S  DID NO T.

TABLE 3. A n a l y s i s  o f  V a r i a n c e

R e s p o n s e  S o u r c e  o f  E r r o r
V A R IA B LE  V A R IA T IO N  M S  DF

P>

TBA V A LU E S
IN O C U LU M
P A C K A G IN G
TIME

PH
IN O C U LU M
P A C K A G IN G
TIME

0.1644- 4 ^ ,
0.1
NS
NS

0  0 2 3 8  4 Q1
0.1

0.1

PUTRESCINE
C O N C E N TR A T IO N  0.1827 4

IN O C U LU M
P A C K A G IN G
TIME

NS
NS
NS

C A D A V E R IN E
C O N C E N TR A T IO N 1.5207 4 O.o 1 

0.1 A 0.001
IN O C U LU M
P A C K A G IN G
TIME
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ea
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La c t ic  a c id

b a c t e r ia

p o p u l a t i o n

Ps e u d o m o n a d s

p o p u l a t i o n

i n o c u l u m

p a c k a g i n g

t im e

IN O C U LU M
P A C K A G IN G
TIME

P t h e r m o s p h a c t a  
p o p u l a t i o n

IN O C U LU M
P A C K A G IN G
TIME

0.8090 4- 0.1
0.1

NS

0.0608 4-
0.1
0.1

0.1

0.04-06 4-
0.1
0.1

NS

N s ~  N O T  S IG N IFIC AN T.

v .p .  - vacuun packaged 
a i r  -  unwrapped
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v .p .  - vacuum packaged 
a i r  - unwrapped v .p .  -  vacuum packaged 

a i r  - unwrapped

v.p.-vacuum packaged 
a i r  -unwrapped
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H y u r e  6. f* scud onto n.ids counts'--------  ,,, ______________I
iU ,o u t  Inoculum, v . p .  A w i t h o u t  Inoculum, a i r  

’ " » c u l a t e d ,  v . p .  *  i n o c u l a t e d ,  a i r

V4cuum
time (day s)

“'trapped
packaged

.1 ,l_.
Figure 7. Degree.of oxidation

¿ w i t h o u t  inoculum, v . p .  ^ w i t h o u t  inoculum, a i r  
II I n o c u l a t e d ,  v . p .  I  i n o c u l a t e d ,  a i r

time (day s)
v . p .  -  vacuum packaged 
a i r  -  unwrapped
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CONCLUSIONS: In o c u l a t i o n  of p o r k  s a m p l l s  w i t h a  commerc'AE
STAR (ER DECREASED THE CONCEN IRA D O N  OF CADAVFRINE A N D  PUTRESCIF» 
V A C C U M  PACKA(JIT4G FAVOURED Dll GROWTH or LACTIC ACID BACTERIA' 
WHEREAS IN U N W R A P P E D  SAMPLES N U MBERS Of P S E U D O M O N A D S  AMD j* 
1HERMOSPHACTA WIRE HIGHER. A HIGH POSITIVE CORRELATION BE I WEEN 
THERMOSPHACTA A N D  LACTIC ACID BACTERIA N U MBERS COULD BE DUE 
COUNTING INOCULATED LACTIC ACID BACTERIA AS WELL AS NATIVE ONI •’
The n a t i v e  l a c t i c a c i d b a c t e r i a  a l s o  c o n t r i b u t e  t o  m e a t  spoii a d d  
In  GENERAL, INOCULAIINO STRAINS OF HOMOT ERMENTAHVE l a c t i c a l l 
BACTERIA, TOGETHER WITH A MICROAEROPHILIC ENVIRONMENT C A N  Rl DU<- 
THE CONCENTRATION OF DIAMINES, BUT NOT THE POPULATION OF D 
THERMOSPHACTA.
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