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Background
T h e co n su m er  w ish es  to  purch ase fo o d  that is  both  co n v en ien t and y e t appears fresh  w ith ou t any taste o f  artificial ad d itives. H ow ever  

red u cin g  the p ro cess in g  and u se  o f  p reserva tives in fo o d  m ay a llo w  the grow th o f  p a th ogen s, e s p e c ia lly  i f  the fo o d  is  stored  incorrectly  '. 
M o d ified  a tm osphere p ack ag in g  is  o n e  o f  the m odern  tech n iq u es w h ich  prov id e su ffic ien t s h e lf  life  to  fo o d s  to  a llo w  their d istribution , w h ile  
still m eetin g  the d em an d s o f  the co n su m ers for  co n v en ien ce  and fresh -lik e  qu ality  2. W ith the p u rp ose o f  ex ten d in g  s h e lf  l ife  there are various 
m eth od s o f  m od ified  atm osp here p ack ag in g  that are u sed  to  alter the g a se o u s env iron m en t on and around fo o d s . T hree b asic  requirem ents are 
req u ested  for su cc ess fu l ap p lication  o f  M A P  to m eat p roducts. F irst, is  that the ga s or g a se s  surrounding the product con tain  at least 20%  (v /v )  
C 0 2 com p ared  to the norm al 0 ,03%  fou n d  in  air. T h e  seco n d  is  that the product and m od ified  atm osp here (M A ) b e  con ta in ed  in  a p ack age, 
w h ich  prevents or in h ib its th e  ex ch a n g e  o f  the g a se s  w ith  the exterior env iron m en t. L astly , the storage tem perature m ust b e  con tro lled  to  insure  
the e ffe c tiv en ess  o f  the ga s m ixture at co n tro llin g  m icrob ia l grow th. Several d ifferent ga s m ixtu res h ave b een  in vestigated  for M A P  o f  m eats  
but nearly all su cc e ss fu l tests u se  so m e  co m b in a tio n  o f  C 0 2, N 2, and in a few  ca se s  0 2. O f  th ese  g a se s , C 0 2 is  the m o st im portant b eca u se  it is  
the m o st inh ib itory  to  the grow th  o f  sp o ila g e  m icroorgan ism s 3.

Objective
To determ in e ch a n g es in  so m e  m icrob ia l gen era  o f  d eco m p o sitio n  in  tw o  typ es o f  P ortu gu ese sm o k ed  dry sa u sa g es  during s h e lf  life  period  

in m od ified  atm osp here p ack age.

Methods
T w o typ es o f  P ortu gu ese  sm o k ed  dry sa u sa g e  w ere  stud ied  after their co m m ercia l m anufacture and after s h e lf  l ife  period . T h ese  " chourigo” 

con ta in ed  pork (8 6 .0 3 % ), red p ep p er paste  (6 .2 1 % ), w ater (3 .1% ), garlic  paste  (1 .1% ), salt (1 .0 3  % ), o liv e  o il (0 .52% ), sugar (0 .2 1 % ), sp ice s  
(0 .1 7 % ), liq u id  sm o k e  (0 .1% ), ad d itives [sod iu m  ch lor id e  co n ta in in g  0 .6%  o f  sod iu m  nitrite, E 2 5 0  (1 .03% ) and co m m ercia l sau sage  sod iu m  
p o lyp h osp h ate , E 4 5 2 ( i)  (0 .5% )] for typ e  ’’A len te ja n o ” , and pork (8 8 .0 1 % ), red p epper p aste  (5 .7 4 % ), w ater (1 .27% ), garlic  paste  (1 .13% ), 
sa lt (1 .0% ), paprika (0 .5% ), w h ite  w in e  (0 .3 9 % ), su gar (0 .2 1 % ), liq u id  sm ok e (0 .14% ), sp ice s  (0 .1 1 % ), ad d itives [sod iu m  ch lorid e con ta in in g
0.6%  o f  sod iu m  nitrite, E 2 5 0  (1 .0% ) and co m m ercia l sau sage  sod iu m  p o lyp h osp h ate , E 4 5 2 (i)  (0 .5% )] for  typ e  " R ibatejano” . T h e tech n o lo g ic a l  
p ro cess o f  ch ou rigo  co n sis te d  in a m ixtu re o f  p ork m eat and fat m in ced  (+  2 0  m m ) w ith  the form u lation  in gred ien ts. T h is p aste  is  m atured  
for o n e  day at 5°C . T h e stu ffin g  is  f illed  in to  pork gut in  Ribatejano sa u sa g e  type and in to  dehydrated  b o v in e  g u t for Alentejano sau sage  type, 
su bject to  the dry in g  e ffe c t  o f  sm o k e  and tem perature. T herm al p ro cessin g  w as d iv id ed  in tw o  p h ases . F irst p h ase  is  in  industrial c o o k ed /  
sm ok er ch am bers w ith  tem perature b e tw een  5 0  and 60°C  and rela tive  hu m id ity  and sm o k e  p rod u ction  a u tom atica lly  con tro lled  for  4  hours. 
S eco n d  fa se  is  in  a traditional sm ok ery  for  3 d ays. F in a l product is  kept on e  day in  a stab ilisa tion  room  at 17-19°C  w ith  R H  o f  75%  until 
p ack ag in g . T he product w a s p ack ed  sep arately  in m od ified  a tm osphere w ith  45%  o f  C 0 2 and 55%  o f  N 2. T h e m aterial p ack age  is  co m p o sed  
b y p la stic  p o ly m ers lam in ate o f  severa l v ery  thin  p o ly m ers. It w a s u sed  a C om b ith erm  film , 7 0 -3 0 0  m m , P A /E V O H /P E /S Y  -  coextruded , 
lam inate [E V O H  (e th y len e  v in y l a lco h o l), P E  (p o ly e th y len e )  and PA (p o ly a m id e  p o lym er)]. S h e lf  life  p eriod  recom m en d ed  w as 4  m onth s at 
room  tem perature (2 0  to  25°C ). T h e  ex p erim en ts w ere  con d u cted  at a co m m ercia l m eat plant and d iv id ed  in four grou p s. T h e  first group  w as  
a cco m p lish ed  in 8 4 0  k g o f  " ch ou rigo” typ e  A  (A C 2 ). T h e  seco n d  group w a s perform ed  in 5 6 0  k g o f  ’’ch ou rigo” T ype R  (R C 2). T he third group  
o f  exp erim en ts w as carried o u t in  8 4 0  k g o f  "ch ou rigo” type A  (A C 1 ). T he last exp erim en t w as m ade in 5 6 0  k g o f  " chourigo” type R  (R C 1). 
In all exp erim en ts w ere  taken 6  sa m p les o f  sa u sa g es. F rom  th ese  6  sam p les, 3 w ere  im m ed ia te ly  prepared for m icrob ia l an a ly ses and the other  
3 w ere  kept at room  tem perature and an a lysed  after four m onths, sh e lf  life  period . T h e  preparation in v o lv ed  the m ix  o f  8 .3 3  g  o f  ea ch  sam p le. 
S a u sa g e  sa m p les w ere  n ot p ee led  to  a cco m p lish  the m icrob ia l a n a ly ses . C ou n tin g  o f  m icroorgan ism s, a im in g  at the tech n o lo g ica l aspects  
included: Total cou n t o f  M ou ld  and Y east (C R B A , O x o id  C M 5 4 9  w ith  ch lo ro p h en ico l, O x o id  S R 7 8 E  -  5 d ays at 25°C ); Total count o f  L actic  
A cid  B acteria  (M R S A , M erck  1 .1 0 6 6 0  w ith  2  m l/ 10 0 0  m l o f  5%  so lu tion  ta llium  acetate  and 1 m l/ 1000m l o f  1% so lu tio n  trifen il-tetrazo liu m  
- in cu b ation  in an aerob ic jars at 30°C  for 7 2  hours. Total cou n t o f  M eso p h y lic  S p oreform er B acteria  (A fter  80°C  for 10 m inu tes the enum eration  
Was perform ed  in T G E A , O x o id  C M  127  sea led  w ith  0 ,08%  o f  A gar, H im ed ia  R M 0 2 6  - 7 2  to  1 20  hours at 30°C . V ia b le  cou n ts per gram  w ere  
transform ed to  logarithm s (b ase  10).

Results and Discussion
T he resu lts o f  m icro b io lo g ica l a n a ly ses  o f  L actic  A c id  B acteria  (L A B ), Total M eso p h y lic  A n aerob ic  C ount (T M A C ), Total V iab le  C ount  

T V C ) and v ia b le  cou n ts o f  m ou ld  are p resen ted  in  F igu res 1-4. A ll the va lu es ob ta in ed  in L A B , T M A C  and T V C  after 4  m onth s in  m od ified  
atm osphere w ere in ferior to  th o se  reported  in the final product, in  the b eg in n in g  o f  s h e lf  l ife  p eriod . M o d ified  a tm osp here (45%  C 0 2 /  55%  
o f  N 2) has in flu en ce  on  m icrob ia l flora d ecrea se . M od ified  a tm osphere w ith  C 0 2 exten d  sh e lf  life  ev en  w h en  com p ared  to  vacuum  p ack agin g  
ln h igh  barrier film s4. T h e  type o f  p a ck a g in g  sy stem  greatly  in flu en ced  the m icroorgan ism s present in the product. T h e  e ffe c tiv en ess  o f  C 0 2 
as a b acteriostatic  is  a lso  d ep en d en t on  its so lu b ility  in  the a q u eou s p ortion  o f  the fo o d . A s  the storage tem perature in creases, so lu b ility  and  

us ab ility  o f  the gas to in h ib it grow th  d ecrea ses . For th is reason , M A  co n ta in in g  e levated  con cen tra tion s o f  C 0 2 are m ore e ffe c tiv e  at low  
e m peratures5. S evera l researchers have dem onstrated  that p h y s io lo g ica l state o f  the m icroorgan ism s a lso  d eterm in es the e ffe c t  o f  C 0 2. B acteria  

| n the lag  p h ase o f  grow th  are e s p e c ia lly  su scep tib le  to  C 0 2, w h ile  th ose  in the exp on en tia l p h ase are le s s  so . T h e  earlier the ap p lication  o f  C 0 2 
°  a fo o d , the lon ger  its p o ten tia l s h e lf  l i f e 6. O ther factor that in flu en ced  the e ffe c tiv en ess  o f  M A P  is  the a b ility  o f  the p ack age  to con tain  the 

• G a ses u sed  in  M A P  perm eate all co m m o n  fo o d  p ack ag in g  film  b y d iffu sion  and so  the s h e lf  l ife  is d irectly  a ffec ted  b y  the rate o f  d iffu sion , 

sh 'iV 30' tlaS grCat in flu en ce  on  the survival and grow th  o f  m ould  and, on  the b asis o f  resu lts sh ow n  in F ig . 4 , m ou ld  cou n ts in creased  during  
e  l ife  in  tw o  sa m p les. H ow ever , the co s t  o f  the film s in creases w ith  in creasin g  barrier7. T hus, a trade o f f  in  s h e lf  l ife  versus co s t  m ust be
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m ade. H igh er barrier film s con ta in  the C 0 2 lo n g er  than lo w  barrier film s, but at an in crease in  cost. T h e  total am ount, rather than con cen tration  
o f  C 0 2 relative to the m a ss o f  fo o d  in  a p a ck a g e , the length  o f  tim e the g a s  is  in  con tact w ith  the fo o d , the co n d itio n  o f  the product w h en  the  
C 0 2 is  app lied , and the storage tem perature a ll contribute to  the e ffe c tiv en ess  o f  the M A . T h e am oun t o f  C 0 2 required fo r  m ax im u m  sh e lf  l ife  
is , in  part, a fun ction  o f  the ratio o f  h ea d sp a ce  v o lu m e to  m ass o f  product. I f  th is ratio is lo w  ( i.e ., < 1 )  then  a h igh er con cen tration  o f  C 0 2 m ay  
b e required. I f  the ratio o f  h ea d sp a ce  to p roduct v o lu m e is large ( i.e ., > 1 ), the con cen tration  o f  C 0 2 can  be as lo w  as 10-20%  and still e ffec tiv e . 
N 2 is u sed  prim arily  as a filler  g a s, to  k eep  the p a ck a g e  from  co lla p sin g  as C 0 2 is  d isso lv ed  in to  the product8.

Conclusions
Furtherm ore in vestiga tion  co n cern ed  w ith  the e ffe c t  o f  d ifferen t com b in ation s o f  C 0 2/N 2 in dry m eat products h as to  be d ev elo p ed . O n ly  

w ith  th is data is it p o ss ib le  to  d eterm in e the op tim u m  con cen tration  o f  C 0 2/N 2 to  determ in e s h e lf  life  p eriod  w ith  sa fety  on  th ese  typ e  o f  
traditional m eat products.
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F igure 1. Total co u n ts o f  L a c tic  A c id  B acteria . F igu re 2. Total cou n ts o f  sp ore form in g  bacteria.
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F igure 3. Total cou n ts o f  m eso p h y lic  bacteria. F igu re 4 . M ou ld  cou n ts.
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