41 '15,17,20 and 22 days.).
‘ ‘ili@l Snd of each storage pericd,data were collected
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MICROBIOI.OGICAL AND CHEMICAL FEATURES OF THE

s “ACKED IN OXYGEN + CARBON DIOKIDE STORED AT OSC.
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A '%A,Deparme_nt of Technology of Animel Products

|| "y

g;?“alv High School.Rua Games Freire,1199 LISBOA

§
*‘:g,l& Of Beef( M.semitendinosus and femoral biceps)

| ;‘%:d fram beef carcass weredivided into two equal
Uy,

... "eighed and placed in bags.Ones bags were filled
Ypq T and others with 80% 02 + 208 COp.Steaks vere
" 1.3t O°C for specified storage periods(0,3,6,

R, © Dasic nitrogen(T.B.N.) ,thicbarbituric acid
i &x:rpercsntages of myoglobin and metmyoglobin
Gation,

‘,&;%t:llclu’ied micrcbiel counts,percentage of moisture,
¥y

<

v
Ny nds stored under air,present higher microbial
{jckageg\an those stored under 80% Oy + 20% CO,. The
1She . Steaks in controlled atmosphere exhibited
O Weight losses,as well as a decrease in pH and
Ues of T.B.N. and metmyoglcbin than those

an air atmosphere.

\tw
£8 L
?Q‘XQQ “ncluded that Packacing beef under an 80%07 +
b Qoidatﬂosghere makes an extension in the shelf life
Stored meat possible.

%I)DU
CTIon
b,

-
:‘}ng thls Substantial econamic incentive to lengthe—
:“erbt:dshelf life of fresh meats.This has been
ZQ‘\*i;JQr through many techniques,same of which are
Q%ntl Qtion, irradiation,vacuum-packaging and most
S, Y controlled atmosrhere storage in gases such
:e‘g%(imz'oz and air,as well as a mixture of several
:lt&r ) The storage of meats in gas atmospheres may
N rnynEat lor and micrabiology due to effects cn
‘?yth}gglmin pigment and growth rate of gram-negative
a\tale fu‘ophic bacteria which are most often respon-
gy X fresh meat spoilage (2,3,4) .Myoglcbin levels
TQSQQ;Eat color.Heme pigments may be oxidized by COp
N%"e\,e 9 in deleterious effects on meat colar (5).
Y “Seg N,  slows Frowth of microorganisms which
% sg-'fam deterioration of meatespeciallyPseudo-
N thend‘(s)-High concentrations of Oz has been shown
Wty the shelf life of the praduct(7),as well as
\\p»thar‘ the bright cherry-red lean color of the retail
Qi < Preserving the appearance of beef marketed
?he . Qrm.
Of this

5

N

3;3?" & study was to determine the effect of
b Shry, 0% CO, atmosphere on the colar microbiology
N b&tm(age of beef steaks in an attempt to select
X - Ontrolled atmosphere for preservation of
}QIE% SXtension of shelf life.

?Qs

AND METHODS

ey
"r:Hrl]:S Were obtained from a flesh,called "Round
o

fan, - t@ﬁcally composed by muscles-semi tendinosus
Sasg al Diceps.This flesh was removed from beef
znd divided into two equal parts.These parts

CUt in steaks of about 200g and packed into
Nt wiags of polyethylene/polyamide.These bags were
g Re goo 3out 2.4 1 of air(control) and 2.4 1 of
3§ let oo ® 02 + 208 Q07 (sample) .The steaks were sto-
) 7,20 C for specified storage periads (0,3,6,9,12,
and 22 days ).
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At the termination of each storage pericd it was per-
formed same micrabiological and chemical analyses

(2 bags at a time ) .The individual packages were asep-
tically opened after defrost period (30 min) at room
temperature.The appearancelnd cdor were cbserved. Odor
was evaluated by sniffing vapors emanating fram the
sample source.The accampanying exudate volume was
measured.

Small portions(10g) of steaks were removed to micro-
biological sanpling.Using conventional dilution
procedures (8,9) ,viable counts were cbtained from the
suspension on Tryptone Glucose Extract agar (TGE;Oxoid)
Deaxycholate,Rogosa ¢ Sharp Medium (RSM) ,Rose Bengal
t7ith Kanamycin and Tetracycline (RB) and Pseudamonas
Medium(PM;Oxoid) . The TGE cultures were incubated at
300C for 3days(d)-(Total aercbic count) or at 10° C
for 8 d (psychrotrophic count) ;Deoxycholate at 30 © C
for 1 d ( coliforms); RSM at 30° C for 2d (lactic
acid bacteria) ;RB at 22° C for 8 d (Yeasts and molds:
Pl at 302 C far 2 4 ( Pseudamonas) . Mean bacterial
counts were scored arithmeticelly then converted to
logarithmic (log 10) values per gq.

The pH measurements were perfomed in steak  homoge-
nate using a digital Chemtrix type 60 A. The moisture
was calculated by weight loss by drying (10). T.B.N.

was determined by Corway's microdiffusion method(10) .
T.B.A. was perfamed by Tarladgis® method (11), myoglo—
bin by Wilson's method(12) and metmyoglcbin by Hornsey's
methaod (12) .

RESULTS AND DISCUSSION
The bacterial growth on steaks stored at O° C in air,

or in 80% Oy + 20% COp is summarized in Figures 1 and
2.

gr --- CONTROLS
—— SAMPLES .-

LOG,, BACTERIA PER @

3 ;3 5z 15 1720 22

DAYS OF STORAGE
Fig 1. Micrabial counts on beef steaks stored at
9°C in(~-) air and in (=) 80%02+20%CO2.Total
aercbic count(e) ,Lactobacillus () ,Pseudamonas (=) .

8r _...CONTROLS =
( ——SAMPLES

kid

o

L

n

N

A -

e e ncmale - calbe=

LOG,, BACTERIA PER g
- (%)

S R T | B 3
DAYS OF STORAGE

20 22

Fig 2. Micrabial counts on beef steaks stored at
09C. Psychrotroohic(O) ,Coliforms (%) ,Yeast(e) ,Molds(a).




For the most part,the bactzrial growth was nicher in
control, than in sample and along the time the develo-
prent grown-up in coliforms and lactcbacilli.Tables 1
and 2 show the bacterial count on different substrates.

Table 1. Micrcbial counts on beef steaks stored at 0°C
under different gasecus atmospheres.

Stor.| Total Lactcbacillus[rPseudomcnas
time aerdoic(a) (a) (a)
counts
(days 02‘4-(302 Air 02+C02 Air 02+CO2 Air
0 3:19 1.00 100
£IRRE s M e (S B s (o R WO Uy e )
6 484" 623 3423 G-~ 1I00N $ 2500
3 4.92  §.2992.61 %379 200%0 3030
3230654651 26583 4344787 WERTSER -3V d7
E5 %6.36 " 16.92 4.76% 4,950 w1, 541383 560
1A 71536500087 . 3485349585027 1.2 .60 55 18%65
2 Q=6 9T W71 5L T9FE5085 R3S eNEgTT0
2. 2.5:6-98+ 479456136 #6415 43400 3.74

Each value represents the mean value fram three
different semples of meat.
(a)- Reported as the number (log 10) microorganisms,’g.

The growth of lactic acid bacteria was stimulated by
packaging and the count was higher in steaks stored
at 0, and CO,. Mean values for total aerobic count,
coli;orms, pgeudomonas and yeast counts from 0, and
C0, packaged steaks were lower than were counts~on
stgaks stored in air. The inhibitory effect of CO
on aerobic spoilage bacteria is well documented (lg,
14).

Table 2. Micrcbial counts on beef steaks stored at O°
under different gaseous atmospheres.

Stor. ngg_ Coliforms Yeasts Molds
e (@ (a) (a) (a)
(days)| 050 Adr| 0,+C0; Alr|0,+C0zALx P2+C0p Alr
0 3.84 1,10 2.65 .70
3 4.20 4.40 2.67 3.19 2.50 2.63 1.23 l.co
6 5:06 6.40 2.08 3.20 2.48 2.93 1.38 1.15
9  5.03 6.50 4.25 3.89 2.01 2.98 1.38 1.15
12 6.59 7.054.39 4.99 2.64 3.10 1.62 1.12
15 €.77 7.07 4.46 5.722.93 3.01 1.65 1.34
177" 601 T.37 482 6.11 2.1, 3.20.1.47. 1.4
20 7.49 7.515.49 6.02 2.74 2.69 1.88 1.53
S i I e e S L i i T

Each value represents the mean value fram three
different samples of meat.
(a)- Reported as the number (loglO) microorganisms/g.

Enfors and Molin(15) pointed out that 10% CO; had an

inhibitory influence on Pseudamonas spp.In this study,
Pseudomonas count increased about 3 times in sample

and 3.7 times in control.

At the erd of storage time didn't develop off-odours.

Chemical data are sumarized in the Tables 3 and 4.
The pH of the meat was not veryreduced by air or
80%07 + 20%C0,,althouch the sample show a lower pH
than oonn:ol.zLedward (16)reported that the decrease
in pH during the storage of meat.in high concentration
of CO2 may explain why autooxidation of myoglcbin is
accelerated at lower pH values,while enzymatic reduc-

tion is retarded.
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&
In this study,the percentace of oxygen can be rever

these effects. 5
Table 3. Camparison of scme chemical data of peef g
steaks stored at 0°C in different gase© 5
atmospheres :
/ 3
Stor. pH Moisture T.B.Nt T.B.A. R
time (9/100g) | (mg/100g) |(mg/KD ~ | 1
(days) |07+C0 Air |0p+CO, Air |0,+00, Air] 0,400 25
0 6.12 76.0 9.56 .10 /
4
3 67505 W6 09V 7625576, 2 10,6 S13, 49529 .l:
6 6: 107616 7571 375.5 12:8"-12.9 4B .li
9 6, 12166 760" - T6 021279 1406 V80 '39 :
it 2 6512 '6.18 735 | 75.503.0% T658 S0 '12
15 61,16 86,18, 7557 5. T L5 /0016 6 w08 "3
n 7 515 "16.,20 75.9 75.9" ;7.7 19.4.-08 -25
2 0 6.18.46.33 74,8 « 74,9198 21.0..92 '37
R 2 62D il6: 30 s S73LE 74098 2110 24.6ilo/' 4

Each value represents the mean value fram three€
different samples.

Data of T.B.N. show an unfavourable rise , thoed
sampler values are lower than those of control: e |
T.B.A. index is higher in steaks stored under 02" "
perhaps by phospholipid oxidation by oxygen-
Myoglabin  values are not different during the €~
riment. Metmyoglobin data show hicher values =
control than in sample.

The formation of metmyoglcbin increases when the ¢
oxygen concentration decreases and the presa'lcemy(
carbon dioxide didn't promote the formation of “eed'
gldbin,what would have happened if it had been ¥
alone.

Table 4. Comparison of same chemical data of beefus
Steaks stored at O° C in different gase

atmospheres.
ety
Stor, Exudate Myoglcobin [Metmyoglabin
time (m1) (mg/g) (mg/g)
(days) | 0+00 Air | 02+CO, Air | 0,+C0p Adr
0 0 X.32 .14
3 03 eyt 0 RN B T I et
6 i digthnC 1400 4k 8l e« 12 Pl
9 240 D By R e N i3
1.2 25 AL $215, 1:39.. -15 «26
115 3.0 7 139" . 3.49 .13 .13
37 3.0 1.0 332 1.32 . .10 o2
20 20D 1.0 L3 2 i 20l k + 16
2.2 2.9 3.2 1.34 . 1.39 . -l .y
s

Each value represents the mean value from thre®
different samples.

z
The steaks under controlled atmosphere show more v
tural exudate than those with air. This can haPPd;y

because N, content is useful to minimize exudat®

CONCLUSICNS

.
Carbon dioxide inhibits the micrabial growth oyég
bacteriostatic effect.High concentration of oxY®
doesn't aid the increase of aercbic flora.




QA
o Sxperimental conditions the predaminance of

% o.° aCid bacteria can inhibit the development

%irer carbon dioxide resistant organisms which may,

Y O With lactcbacilli,have a more deleterious

Ny P the meat.

Ngeo ) the results of this study,it appears that

#ex(g;“g beef in an 80%0.,& 2200, atmosphere allows

&l shelf-life of “fresh meat.

CEs

Sﬁ;nl'A-,Reineccius,G.and Tatini,S. (1981)-Storage
7 & of park chops in COp -containing atmospheres

! g0 Proct. 44,670-673.

(lgﬁran,D.L.,Davis,K.A. ,Marple,D.N.andMcGuire,J.A.
75)-Effect of gas atmospheres in microbial

g”thmlm and pH of beef.

Ve

1
X

) yPocd sei. 40,1229-123 .
%ha‘t\(msm,ra. \Dryden,F.D. nd Marchello,J.A. (1982)
Sag ty changes of beef steaks stored in controlled
%y, g:ntnbsmer&s containing high or low levels of

{ gafm%d Proct. 45,41-45.
Bg +H.X.,Solberg,M. ,Frank,W.and Gilbert,S. (1971)
SCt of oxygen-enriched atmoscheres on storage
J 2ty of packaged fresh meat.
y . Food sci. 36,1011-1014.
ch’nsecﬁ,H. ,Brito,D.and Oliveira,M. (1983) Effects
q dioxide on beef stored at 0° C.
§ National Meeting of Veterinary Medicine-Lisbon
g;‘ers,s.o.,vom,G. and Ternstrdm,A. (1979) Effect
o S2ckaging under carbon dioxide,nitrogen ar air
3. Werchial flora of pork stored at 4oC.
! Tﬁyl‘l' Bact. 47,197-208.
pad(orrA-A.and MacDougall,D.D. (1973) . Fresh beef
J, Ped in mixtures of oxygen and carbon dioxide
4 Technol.8,453-461.

i?“rgeois,c.m. ,Leveau,J.Y. (1980) Techniques

A;gal}@e et de controle dans les Industries

o

Aux,R. ,Beerens,H. and Tacquet,A. (1974)
0, 4 Uel de Technique Bacteriologique.4th Ed.
GﬁgrsanfD. ,(1970) The Chemical Analysis of Foods

Voy taires.
S, guﬁéfﬁ‘d. Apria.
M

B
3
2]
9
’.l
H

a;lmgis,B.G.,Natfs,B.M.,Yotmatﬁan,M.T. and
1y Ja3,L., (1960)
h: Mopes:OLl Chem. Soc.,37,44
4 g +F.M. (1972) Dados tecnicos para o equipamento
ing. o520 de Fisica e de Quimica de um matadouro
8 g trial-Métcdos de Analise.
s;%’karu.a.am Wolfe,S.K. (1980) Micrcbiological
Stop. Considerations in controlled-atmosphere
Pons o0 of meat.
i Technol.3,59-63.
A ]

ag o »J-S.,Reagan,J.0. ,Carpenter,J.A. ,Schuler,G.
lig mSon, J.E. (1979) Types of bacteria and shelf-
Pagk, Of evacuated carbon dioxide-injected and ice-
J, Fed broilers.

Proct. 42,218-221.

FS,8.0. ,and Molin,G. (1980) Effect of hich

of 1;S.'a“trat;i.ons of carbon dioxide on growth rate

SWamonas fragi Bacillus cereus and Strepto-
J App) Q-‘ennrls

%, . Pl Bacteriol. 48,509-516.
StOngng-A. (1970) Metmyoglcbin formation in beef
ty I N carbon dioxide enriched an oxygen deple-
J posTheres.
Sci., 35,33-36.

T

L%




