
A C T A A L I M E N T A R I A P O L O N I C A 
Vol. VII (XXXI), No. 1-2 1981 

ZYGMUNT NIEDZIELSKI 
LUCJAN KRALA 

EFFECT OF THE COMPOSITION OF GAS MIXTURES ON THE 'PRO­
LONGATED STORAGE OF BEEF 

Department of Chemical Food Technology, Technical University, Łódź 

Key words: storage of meat, gas mixtures, beef meat 

The effect of three different gas mixtures on the period of fresh 
beef storage was investigated. The quality of samples being tested was 
assessed on the basis of a complex physico-chemical analysis (10 dis­
criminants in total) and a microbiolog!cal analysis. A mixture of gas 
containing 200/o CO2, 79°/o N2, 10/o 02 proved to be the best. 

In addition to' a temperature close to cryoscopic, natura! gases and 
· mixtures of gases with diff erent compositions are ever more of ten used 
in tests as factors prolonging the period of storage of fresh meat. Studies 
on the possibilities of using gases for an improvement of the standard of 
meat have considerably gained in intensity in the last few years [1, 4, 
13, 16, 18, 19, 20, 21, 24]. The works published point to the large variety 
of the techniques and gases used for the tests. Meat samples are storęd 
in containers or gas-tight packages with a continuous flow of gases and 
at a single filling of the containers. 

The re are diff erences of opinions concerning the eff ect ~f particular 
gases on ithe S!tandard ,of meat. This conoerns especialJy the 1eff1ecit of 
carbon dioxide. For example, Brooks and Ledward ,[14] are of the opinion 
that the optimum concentration of G02 in gas mixtures should amount 
to 20°/o; these authors consider any higher concentration of C02 to be 
harmful becau~e of the undesired change of colour. These observations 
have been confirmed by Stefanovic [30], Jasineckij [11] and O'Keeffe (19]. 
On ,th,e other hand, PaTtmann and Bomar [23] and Pohja and NiinivaMa 
[28] consider that car bon dioxide of a concentration of even up to 1008/ o 
causes a brightening of the surface of meat stored. Taking into account 
the fact that C02 is a strong inhibitor of the growth of yeasts, moulds 
and aerobiopsychrophylic bacteria, this gas would be the best suited for 
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the prolongation of the time of the availability of meat for use. However 
the absence of works conGerning a broad experimental materiał and of 
reports on the use of high CO2 concentrations on a large production 
scale does not confirm the iflightness of this hypotheses. The investigattons 
conducted in the Institute of the Chemical Technology of Food [17] have 
shown that a high concentration of the CO2 even at a small amount of 
oxygen (below 1°/o) cause that the meat surface turns brown. As the 
time of storage gets longer, browning spreads_ to ever deeper layers of , 
the tissue. 

The considerable difficulties related with the obtaining and main-
1 

tenance of aerobic conditions over a comparatively long period of time, 
have induced researches to look for possibilities of prolonging the time 1 

of meat storage by means of using multi-component gas mixtures com­
prizing small amounts of oxygen. The largest number of reports publish­
ed concern gas mixtures composed of carbon dioxide, nitrogen and oxygen. 
The works of Partmann [20, 21, 22, 23, 24], Golovkin and Kondratev' [9] 
and Pohja and Niinivaara [28] show that like in the case of using-com­
ponerntial atmospheres, th€ views ,on the ceffeat of v;artous mixtures on the 
meat standard are very differentiated. 

Data from literature also show that the various experiments were 
not conducted in the same conditions which makes it additionally difficult 
to compare the results, to establish the optimal composition of the gas 
mixture, to comprehensively evaluate the quality of meat and to fix the 
time of storage. None of the studies takes into account the possibility of 
a simultaneous ~se of temperature close to cryoscopic. 

MATERIAL AND METHODS 

The materiał used for the tests was the bicipital muscle of the thigh 
taken from the first grade heifers. Random samples were obtained from 
the slaughterhouse in Łódź, 24 hours after slaughter. Samples weighing 1 

approx. 2 kg were put in gas-tight containers (Fig. 1) which were placed 
in a cooling chamber at -1 +0°c. The cross-section of a container is shown 
on Fig. 2. The containers were filled with one of the three gas mixtures 
used in rthe tests: A - 1010/~ OO2+89°/o N2+1°/o 02; B - 20°/o CO2+790/o 
N 2 +1°/o 0 2 ; C - 306/o CO2 +69°/o N 2 +1°/o 02. The relative humidity of 
the gas mixtures was kept at the level of 9510/o. 

The main problem when filling the containers with gas mixtures was 
the removal of air (oxygen). This pr~blem was solved by two metho~s: 

a) by repeated blowing through of the containers with nitrogen or 
carbon dioxide, 

b) by an evacuation of air using a vacuum pump. 
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-
In oose when air (oxy,gern) was evacuated by mieains of nitrogen, the 

, closed containers were filled with this gas up to an absolute pressure of 
j„ 130 kPa. After a thorough mixing of the gases (using a fan), the pressure 

in the containers was levelled out to air pressure. Next, the content of . 
oxygen in the corttainers was measured by m.eahs of a gas analyser. The 
containers were then refilled with nitrogen to the same pressure, the 
pressure was levelled out and the content of oxygen was measured again. 
These operations were repeated six-times, the content of oxygen in the 
containers was reduced to 0.658/o. The initial content of oxygen in the 
containers amounted to 20.8'°/0I. After the evacuation of air, the con­
tainers -contained nitrogen and a small amount of oxygen. In order to 
achieve a gas mixture of a composition eg B, carbon dioxide to an amount 
corresponding to a pressure of 125 kPa was fed into the container. After 
mixing the gases and levelling out pressure to atmospheric pressure, 

I· 
I 
I 

Fig. 1. Set of gas-tight containers 
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Fig. 2. Cross-section of gas-tight container: 1 - container, 2 - tray, 3 - meat 
sample, 4 - psychrometer, 5 - fan, 6 - compound manometer, 7 - gas value, 

8 - cover, 9 - sight-glass, 10 - seal 

the required compo~ition of the gas mixture was obtained in the container. 
The second method of filling the containers with a gas mixture pro­

vides, first, for an evacuation of air up to a pressure of 10 kPa. Next, the 
containers were supplied with nitrogen and carbon dioxide in amounts 
necessary to obtain the required composition of the gas mixture. For 
exa~ple to achieve mixture B, nitrogen in an amount corresporiding to 
a pressure of 80 kPa was f e4 in to the container. The n, pressure in the 
container was levelled ou~ to atmospheric pressure by an addition of C02. 
After mixing the gases in the container, the preset composition of the 
gas mixture was obtained. The particular pressure values were determin­
ed experimentally. By filling the containers using evacuation of the air 
in order the obtain the required composition of the gas mixture, 53~/o 
less N 2 and 15°/o less C02 were used than when evacuating air from the 
containers by means of nitrogen. 

The qual'lty meat store<l was assessed art 8--:-10 days inctervial. P ,aralell.17, 
an evaluation was made of the quality of control samples stored in air. 
The determinations were repeated three times. 

ANALYTICAL METBODS 

On the basis of a number of published studies [1, 2, 12, 13, 14, 15, 25, 
26, 32] the f ollowing ind i ces were selected for an assessment of the 
changes in the standard of the materiał tested: colour of the surface, 
pH, water holding capacity, thermal drip, weight losses, total and non-
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protein nitrogen, content of soluble and amine nitrogen and a micro­
biological a-nalysis. The colour of the meat surface was assessed on the 
basis of changes in metmioglobin (MMb) concentrations determined ac­
carding to the method of Ledward [14] and Stewart [31]. 

When calculating the result expressed in percent MMb, use was 
made of Judd's tables [7]. pH was measured in a water meathomogeriate 
using a pH-meter type N 512, by the meat water ratio as 1:1 [3]. The 
water holding capacity was determined by the method of Grau and Hamm 
as modified by Pohja and Niinivaara [27] and by the centrifuge method [6]. 
In the case of the last method, the meat samples were submitted to the 
action of the centrifugal force corresponding to a value of relative ac­
celeration of 680 g, at a centrifugation time of 30 min and temperature 
1-:-4 °C. The thermal drip was determined after the cooking of meat 
samples in 0.6°/o Na Cl solution at 94-:--96°C [33]. Weight losses were 
calculated from the difference of the weight of meat samples before and 
after the storage, taking into account the drip collected on trays. Total 
ni tr ogen was determined by the Kjeldahl's method using a sample of 
approx. 0.5 g, and nonprotein nitrogen by Helander's method [10]. When 
determining the content of soluble protein, extraction was , carried out 
in conditions described by Dyer [8]. Soluble protein in the extract obtain­
ed was determined by the burette method acc. to Snow [29]. The content 
of fTee aminie nitrorgen was determ·tned by 1the iooloriimetrtc miethod 1after 
reaction with copper ions. The microbiological evaluation of meat was 
conducted in conditions applied by the Polish sanitary-epidemiological 
stations [5 ]. 

CHARACTERISTIC OF THE MATERIAL 

The meat used for the tests has the following characteristic: tempe­
rature 4°C; MMb concentration 23,4+29.56/o; pH 5.42+5.88; water holding 
ability 11.7-:-19.0 iem3/100 g of oomminuted meat; rthermal drip 27.1 +37~/()I; 
total nitrogen 31.37-:--35.22 mgN/1 g tissue; non protein nitrogen 4.65+ 
""75.44 mg N/1 g tissue; soluble nitrogen 9.46+16.69 mg N/1 g of tneat 
tissue; aminie nitrogen 1.07+1.26 µg/1 g; total amount of microorganisms 
on the surface of meat (6.58+7.60)• 10'/1 cm2

• 

DISCUSSION OF THE RESULTS 

The results .of the assessment ,of the qualiJty of meat stored a~e pr.esented 
on Figs. 3-:--12 and in Table. Each dot on the diagrams is an arithmetic 
value obtained from 3 repetitions. In order to evaluate the amount of 
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Fig. 3. Changes in MMb concentration on the meat surface depending on the gas 
mixture composition; 1 - control conditions, 2 - 300/o C02, 690/o N2, 1°/o 02, 3 - 100/o 

C02, 890/o N2, lG/o 02, 4 - 200/o C02, 790/o N2, 1°/o 02 
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Fig. 4. Changes of pH in meat depending on the gas mixture composition; explana­
tions - see Fig. 3 
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Tab Ie. Microbiological assessment of meat stored in gas mixtures 

Number of colonies per 1 cm2 of surface or count 

initial state after 36 days storage 
Group of 

psychro-microorganisms mesophilic 
gas 

mesophilic psychrophilic philic mixture 
bacteria bacteria bacteria bacteria 

control 
conditions•> 2.8 . ·106 2.3. 106 

A 1.5 · 107 1.2. 107 

Total number 7.6· 104 6.58. 104 B 7.0. 105 6.1 . 106 

C 2.9. 105 2.5. 106 

control 
conditions 6.8. 106 6.3 · 105 

-
Enterobac- 1.45. 104 2.88. 104 A 2.0 · 106 

I 
5.8. 106 

teriaceae I B 1.2 · 105 I 4.2 · 105 

C 8.0 · 104 5.3. 104 

control 
conditions 1.5. 104 9.0. 103 

Coccidians and 1.8. 102 1.5. 102 A 8.0 · 105 5.6· 105 

streptococci B 2.8. 104 1.3 · 105 

C 1.0 • ro3 4.5. 103 

control 
conditions 10- 3 absent in 0.1 g 

Anaerobes count abscnt in absent in A 10- 3 10- 3 

0.1 g 0.1 g B 10- 3 10- 3 

C 10- 2 10-l 

control 
, conditions 10- 2 absent in 0.1 g 

Entcrococci count absent in absent in A 10- 3 absent in 0.1 g 
0.1 g 0.1 g B 10- 2 absent in O.I g 

C absent in absent in 0.1 g 

0.1 g 

• > After 16 days storage . 

erro~, guaranteed error was ,calcu1ated using ,the pairametric tiest of 
Student. 

n 

~ ' (x,~x2
) 

mg = trt, c, • L....J ( n - 1) n 

' 
The average guaranteed error for each analytical discriminant is given in 
the Figs. 

Changes of colour .expressed as changes of methioglobin concentration 
on the surface of the meat samples tested are shown in Fig. 3. _As seen 
from the curves in the diagram, a distinct increase of MMb concentration 

-

' 
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for all mixtures took place afted 2~ days storage. The lowest increase 
of MMb was observed in mixture B. After 43 days storage in this ~ix­
ture, MMb concentration at the surface of meat samples amounted to 
550/o and in mixture C - 85~0/o. In mixture A the concentration of MMb 
after 36 days was equally high and amounted to 77"1/o. This was also 
a time when meat began to deteriorate. Comparing the results shown 
on the diagram it is possible to say that mixture B was the best especially 
as in the initial period of storage (up to the 23rd day) the content of 
rvIMb on the surface of meat did even decrease. Meat stored in control 
conditions had the worst colour after 23 days and signs of deterioration 
appeared already after 17 days. 

pH of meat (Fig. 4) displayed the most iavourable changes in samples 
kept in mixtures B and C, the spee_d of pH growth in meat stored in 
mixture B was shower than in mixture C. After 43 days pH amounted 
to 5.75 which proved the high standard of meat. The growth of pH in 
case of mixture A was very distinct, especially after 23 days. In control 
samples after 17 days of s'torage, pH increased dramatically which was 
linked with rapidly progressing unfavourable change~ of the meat tissue. 

Ohanges of ithe amount ,of f1o~oed drip 1as ierlernal Tef1ection of the 
changes in water holding capacity determined by the method of Grau 
and Hamm are presented on curves in Fig. 5. After eight days of storage 
a larger amount of drip was found in all conditions tested compared 
with the initial value. In case of mixture B this difference was the 
smallest. In a la ter period of storage the amount of drip was smaller · 

~ -o 

E 16~~~---+--::!~~--+-------4-----~-----1 
/ "'b 

,., ~ 
E ::, 
u ·S 

E 
mg=0.77 

§ 12~--...-!!!~~~~----++-~----ł--------!-----~ u 

8' 
o -

\ o, 
o 10 20 30 

Time of storage (days) 

Fig. 5. Changes in the water holding capacity depending on the gas mixture com­
position. Grau and Hamm method; explanations - see Fig. 3 
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which points to a graduał improvement of the water holding capacity. 
Similar changes were observed also in the case of the water holding 
capacity determined by the centrifuge method (Fig. 6). 

A comparison of the changes in the water holding capacity with 
changes of hydrogen ions concentration gives a basis for a determ.ination 
of their mutua~ dependency. The growth of pH which took place after 
8 days of storage was accompanied by a reduction of the amount of 
pressed juice both in the Grau and Hamm method and the centrifuge 
method. In the farmer case, changes in water holding capacity cor­
responded mare closely to changes in hydrogen ion concentration than 
in the latter case. In order to thoroughly determine this dependence an 
attempt was made to establish the multiple correlation coefficients · and 

I 
I 

mg=0.68 

12 ._,_ ___ __ __J_ _____ ____J_ _____ -J--------;--------1 
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Time of storage (days) 

Fig. 6. Changes of the water holding capacity depending on the gas mixture com­
position. Centrifuge method; explanations - see Fig. 3 

the rectilinear regression coefficients. Calculations were made on an 
Odra 1204 computer. Changes in pH (X) and of the water holding capacity 
(Y) determined by the method of Grau and Hamm (Fig. 7) may be des­
cribed by the following rectilinear equation: 

y = -30.05•X+ 177.04 cm1/l00 g force meat 

At a significance level a = 0.05, the confidence interval for the directivity 
index is oornprized hetween - 38.33 and -22.76. The couelation coeffi­
cient is high and amounts to r = -0.821. As much as 90.5'°/0I of exiperi­
mental poinrts 1cWe comprized wd.thin 95°/o of the •oo.nfide:ooe intervar of 

\.Vlater holding 1CalI)acity changes. 
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Fig. 7. Dependency between the wa ter holding capacity determined by Gra u and 
Hamm method and the pH value of meat; - - - - -~ - - confidence interval of 

mean value y 

Changes of the amount of thermal drip from meat stored in all the 
conditions tested (Fig. 8) wer~ comprized within the limits characteristic 
for tender meat [32]. 

The content of total nitrogen in particular meat samples amount~d 
to 30-34 mg N/1 g tissue and was subject to _ insignificant changes only, 

_ irrespecively of the conditions of storage. 
Changes in the content of non protein nitrogen (Fig. 9) varied accord­

ing to the composition of the gas mixtures. The content of -non protein 
nitrogen in meat samples stored in mixtures B and C over a period of 
36 days stayed, practically, at an unchanged level and amounted to 5 mg 
Nil .g of the tissue. Afrter the period, this index grew io 6 mg N/1 g of the 
t'issue. In samples stored in mixture A the growth of non protein nitrogen 
took place after 23 days, and in control conditions even earlier, i.e. 
already after 17 days of storage. This growth 1s connected with a de­
terioration of meat quality. 
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Fig . . 8. Changes in- the thermal meat drip depending on the gas mixture composition; 
explanations - see Fig. 3 
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Fig. 9. Changes of non protein nitrogen content depending on the gas mixture com-
- position; explanations - see Fig. 3 

':Dhe oontent of amino nitriogen incre:ased w.ith the itime ,of s1torage 
(Fig. 10). For mixt~re A, after 23 days this growth was much more rapid 
than for inixtures B a~d C. Meat stored in air featured a distinct growth 
of this index over the whole period of the tests. 
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Fig. 10. Changes of the amino nitrogen content depending on the gas mixture 
composition; e~planations - see Fig. 3 
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Fig. 11. Changes of soluble nitrogen content depending on the gas mixture com-

position; explanations - see Fig. 3 

The amount of protein soluble nitrogen (Fig. 11) calculated from the 
difference between the content of total soluble nitrogen and non protein 
nitrogen, changed in a similar way in mixtures B and C. In mixture A, 
after 23 days storage a rapid drop of this index was observed which may 
point to a deterioration of the meat standard in this period of time. In 
the case of control samples the course of changes in the content of · 
protein nitrogen was the less advantageous. A definite deterioration of 
the meat standard took place as soon as after 17 days of storage. 
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On the basis of physico-chemical assessment of the quality of meat 
tes'ted discussed above, it is possible to say that mixture B is the best 
suited for long prolongated storage of meat. In this connection, additional 
determinations were made of meat weight losses in this mixture (drip and 
drying). The determinations were made taking into consideration the 
30-day period of storage (Fig. 12). The amount of drip was 0.27P/()I and 
drying losses - 0.89°/o. Weight losses amounted to a total of 1.16°/o and 
did not 1exceed ,the !ower limilt of the amount iaif natura! Josses observed by 
Baranowski during one-stage cooling meat [2]. In control conditions, the 
amount of drip and of drying losses were many- times higher in the same 
time and amounted to 2.86°/o and 2.04{0/o respectively, i.e. a total of 4.9°/o. 
The con1paratively high losses of weight result from the large surface 
of cuts and from the lack of natura! protection which is constituted in 

' 
the case of whole carcasses by their external layer. Weight losses will 
be much smaller in industrial conditions. A reduct_ion of weight losses in 
meat stored in a gas mixture as compared to losses in meat stored in 
air yte1ds ressential economirC eff,ects when 1this m1ethod is apiplied in in­
dusrtrial practi.c•e. 

5 

1 

o b C 

Fig. 12. Weight losses of meat samples stored in gas mixture comprising 20°/o C02, 
790/o N2, 10/o 02 and in control conditions; 1 - control conditions, 2 - gas mixture; 

a - total weight losses, b - drip, c - drying loss 

Th€ .microbio1og.ical :assessmenrt (Tabl,e) show,ed that mieat stored in 
air deteriorated after 16 days, and in a gas mixture after 36 days. Symp­
toms of a lovering standard of samples kept in mixtures B and C took 
place after 43 days only. The gas mixtures used are the strongest in­
hibitors of microorganisms of the Enterobacteriacae genus, followed by 
coccidians and staphylococci. The higher the concentration of C02 in 
the mixture, the slower the growth of microorganisms. Mention is due 
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to the fact that the total initial number of microorganisms per 1 cm2 of 
the surface of meat used for the tests was relatively high and amounted 
to 6. 5 8--:- 7. 6 o) • 1 04

• . 

It is possible to further prolongate the period of storage provided that 
the initial number of microorganisms on the surface of meat will be 
lower. This fact is confirmed both by the authors' own studies and data 
obtained by other authors [23]. · 

The finał conclusion of the studies made is that taking into accóunt 
all the physicochemical and, microbiological determinations, a. mixture of 
gases: 200/o C02 + 7HO/o N 2 + l l0/()I 02 should be considered the most suita ble 
for a prolongation of the period of storage of beef, at a temperature 
close the cryoscopic. In these conditions, the time of meat storage amounts 
to 43 days and it is three-times longer than storage in air. 
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WPŁYW SKŁADU MIESZANINY GAZOWEJ NA CZAS SKŁADOWANIA 
WOŁOWINY 

Instytut Chemicznej Technologii Żywności, Politechnika, Łódź 

Streszczenie 

Przebadano wpływ trzech mieszanin gazowych na przedłużenie okresu składo­
wania wołowiny w temperaturze zbliżonej do krioskopowej. Stosowano następujące 
mieszaniny: 
A - 100/o C02, 890/o N2 ·10/o 02 
B-200/o C02, 79'-0/o N2 10/o 02 
C - 30% CO2, 690/o N2 10/o 02 

W tym samym czasie prl>bki mięsa były składowane w atmosferze powietrza (wa-
runki kontrolne). Opracowano dwie metody napełnienia zbiorników mieszaniną ga­
zów. Jakość mięsa w okresie składowania oceniano na podstawie następujących 
wskaźników: zmiany barwy, pH, zdolności utrzymywania wody, wycieku cieplnego, 
ubytku masy, azotu ogólnego, niebiałkowego, rozpuszczalnego i aminowego oraz 
analizy mikrobiologicznej. W celu ustalenia korelacji pomiędzy wartością pH i zdol­
nością utrzymywania wody obliczono współczynniki regresji i korelacji. 

Na podstawie otrzymanych wyników można stwierdzić, że najbardziej sprzyja­
jące warunki daje mieszanina gazowa zawierająca 200/o C02. W tych warunkach 
można składować mięso przez 43 dni, tj. 3 razy dłużej niż w warunkach kontrolnych. 

4 Ac ta Alimentarla 


