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pH and temperature are fundamental parameters for the storage and maintenance of beef quality. The purpose of 

the present work was to evaluate the shelf life of meat from 120 samples of 10 steers, during 3 months of storage 

at 0° C and vacuum packed. For this purpose, a measurement was made 48 h post mortem in 3 pH ranges: <5.8, 

5.9 and 6 to 7 to quantify Escherichia coli and mesophilic aerobes. Regarding the sensory factor, flavour, colour, 

odour and texture of the meat were evaluated. Samples were evaluated monthly. The statistical analysis corre-

sponded to the randomized block design, applying the Tukey test at 5 % and 1 %. The mesophiles, were 6.8x106 

to 10x106 CFU/g, E. coli that developed between 1.75 to 2.5 CFU/g. Bacterial growth showed values of 5.9 and 6 

to 7 pH, unfavourable values according to Bolivian standard 310017. In the evaluation of E. coli, there was no 

significant statistical difference (p>0.05), however, aerobic bacteria showed a significant difference in the months 

of study (p<0.01). The sensory analysis did not show variations until the 2nd month of conservation, deteriorating 

afterwards with pH higher than 5.9 in meat stored under vacuum for 3 months, which means that its sensory and 

microbiological characteristics are not within the normal parameters. It is concluded that meat with intermediate 

and high pH should not be vacuum packed or stored for more than 3 months, as it loses its organoleptic character-

istics. However, meat with low pH and stored at low temperature maintained its quality for 3 months, therefore it 

is considered that pH and temperature are important factors to control microbial growth and maintain meat quality 
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In  

El pH y la temperatura son parámetros fundamentales para el almacenamiento y mantenimiento de la calidad de 

la carne bovina. El propósito del presente trabajo fue evaluar la vida útil de la carne proveniente de 120 muestras 

de 10 novillos, durante 3 meses de almacenamiento a 0° C y envasada al vacío. Para ello se hizo una medición 48 

h post mortem en 3 rangos de pH: <5.8, 5.9 y 6 a 7 para cuantificar Escherichia coli y aerobios mesófilos. Respecto 

al factor sensorial se evaluó sabor, color, olor y textura de la carne. La evaluación de las muestras se realizó 

mensualmente. El análisis estadístico correspondió al diseño de bloques al azar, aplicándose la prueba de Tukey 

al 5 y 1 %. Los mesófilos, fueron 6.8x106 a 10x106 UFC/g, E. coli que desarrolló entre 1.75 a 2.5 UFC/g. El 

crecimiento bacteriano presentó valores de 5.9 y 6 a 7 de pH, valores desfavorables según la norma boliviana 

310017. En la evaluación de E. coli no presentó diferencia estadística significativa (p>0.05), sin embargo, las 

bacterias aeróbicas presentaron diferencia significativa los meses de estudio (p<0.01). El análisis sensorial no 

evidenció variaciones hasta el 2 mes de conservación, deteriorándose después con pH mayor a 5.9 en carne alma-

cenada al vacío durante 3 meses, esto significa que sus características sensoriales y microbiológicas no están 

dentro los parámetros normales. Se concluye que la carne con pH intermedio y alto no debe ser envasada al vacío 

ni almacenada por más de 3 meses, ya que pierde sus características organolépticas. Sin embargo, la carne con pH 

bajo y almacenada a baja temperatura mantuvo su calidad durante 3 meses, por ello se considera que el pH y la 

temperatura son factores importantes para controlar el crecimiento microbiano y mantener la calidad de la carne 
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Introduction 

 

The preservation and export of meat is an essential 

process in the meat industry, involving the applica-

tion of techniques and measures that guarantee its 

quality, product safety during transport and storage. 

Meat preservation refers to the implementation of 

methods and technologies that make it possible to 

prolong shelf life, avoiding deterioration and pre-

serving its organoleptic characteristics. 

According to Luzardo-Butria1, vacuum packaging 

helps prevent oxidation and the development of mi-

croorganisms by eliminating oxygen from the pack-

age2 and can also maintain the sensory quality of the 

meat, such as color and texture, for a prolonged pe-

riod of time3. 

The use of controlled or modified atmospheres is also 

common in the preservation of meat, these tech-

niques involve the modification of the gaseous com-

position of the environment in which the meat is 

found, with the objective of prolonging its shelf life, 

Brody et al.4, can help inhibit the growth of microor-

ganisms and delay the oxidation of meat compo-

nents5. 

Refrigeration allows meat to be kept at low tempera-

tures, which reduces the development of microorgan-

isms and delays spoilage processes. On the other 

hand, freezing involves reducing the temperature of 

the meat to below its freezing point, which stops mi-

crobial activity and preserves the quality of the prod-

uct6. 

Meat exports imply complying with the require-

ments, sanitary and quality regulations established by 

the importing countries. According to the Ministry of 

Rural Development and Lands of the Plurinational 

State of Bolivia, there are specific protocols for ex-

porting meat to different countries3. 

 

 

Livestock farmers and government representatives 

from Bolivia and China indicated that the Processing 

Plants of Frigorífico del Oriente S.A (FRIDOSA) 

and Matadero Frigorífico Santa Cruz (FRIGOR S.A.) 

were the first to be registered for the export of 

deboned meat to the Asian country, with an export of 

40000 t in 2019 and 117000 t projected for the year 

20257. 

Annual consumption in 2019 of beef in Bolivia was 

217687 t, and per capita annual consumption of 21 

kg, the main producing departments were Santa Cruz 

and Beni, among the cities with the highest consump-

tion, Santa Cruz, La Paz and Cochabamba with 71 % 

of the national total. Bolivia needs markets to gener-

ate added value to its economy by diversifying the 

supply of meat processing plants with specialized 

vacuum processed cuts. Another strategy of the meat 

industry in growing development is to offer safe, hy-

gienic, good quality products2. 

Vacuum-packed metabolically activated foods, such 

as meats, continue respiratory activity, consuming a 

small amount of oxygen present in the product's tis-

sues, which increases the vacuum producing carbon 

dioxide and water vapor. The increase of CO2 in the 

package has advantages as an inhibitor against many 

microorganisms1,4. 

Quality is a very complex term, and is not the only 

definition valid for all levels of meat production, in-

volving characteristics of carcass composition as de-

terminants of market value, and the most recent ones 

consider its nutritional, organoleptic, technological 

and sanitary hygienic properties8. 

The purpose of the present study was to determine 

the tolerable limits of fecal coliforms in vacuum-

packed meat preserved under refrigeration, by means 
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of total mesophilic aerobic bacteria counts, sensory 

analysis of the organoleptic characteristics of beef 

and shelf life of beef in 3 pH ranges. 

 

Materials and methods 

 

The research work was carried out at FRIDOSA, lo-

cated 10 km east of the city of Santa Cruz. For the 

study, carcasses were obtained from 10 Nelore breed 

steers that entered the deboning room, 120 samples 

were collected and the pH was measured 48 h post 

mortem. 

A quantitative experimental investigation was pro-

posed with 2 variables under study: pH of beef in 3 

ranges: pH < 5.8 (normal), 5.9 (intermediate) and 6 

to 7 (high)8 and its storage for a period of 3 months 

at 0±1° C4, vacuum-packed in cardboard boxes. The 

samples were taken in FRIDOSA's deboning room. 

The organoleptic characteristics of flavor, color, odor 

and texture were evaluated in cooked meat from the 

beginning to the end of the test. The raw material 

used was meat from 10 beef steers. We worked with 

the front cut (shoulder), which corresponds to the tri-

ceps brachii muscle, 30 samples were selected for 

each pH level, within 48 h after slaughter. A pH-me-

ter with a Testo 230 electrode was used to measure 

the samples. Subsequently, the shoulder cut obtained 

with a sterilized knife was divided into 4 to make a 

total sample of 120 cuts8. For the statistical analysis, 

the randomized block design was applied, followed 

by the minimum significant difference (LSD) and 

Tukey tests with a significance of 5% and 1%9,10,11. 

In the laboratory, the microbiological analysis 

method Petrifilm Plate NB 3202012,13 was used for 

the CFU count of Escherichia coli. The total meso-

philic aerobic count was carried out according to NB 

32003 and NB 3201614,15. 

Sensory analysis (flavor, color, odor and texture) was 

evaluated on 3 cm thick samples, cooked according 

to the ISO 220001 Food Safety Management System 

standard (Table 1). 

 

Table 1 Parameters for sensory analysis of meat according to pH ranges9 

 

Parameters Initial 1 month 2 months 3 months 

Taste 
Crude Not applicable —    

Stew Beef and veal Own Own Slightly acidic Acid 

Color 
Crude Bright reddish Reddish Reddish Opaque red Brown 

Stew Cooked meat Own Own Brown Brown 

Odor 
Crude Meat Meat Meat Slightly acidic Residual 

Stew Meat Meat Meat Residual Residual 

Texture 
Crude Normal Normal Normal Slightly soft Soft 

Stew Normal Normal Normal Slightly soft Soft 

Results 

 

Microbiological analysis. The total mesophilic aer-

obic bacteria count from day 0 to 3 months showed 

a significant difference (p < 0.05) between the 3 pH 

levels and the lowest development was at pH < 5.8 

with 6.8x106 CFU/g4.8 (Figure 1). When comparing 

the CFU count of vacuum-packed meat with the lim-

its set by the Bolivian IBNORCA standard 1x105 

CFU/g10 for fresh, refrigerated and/or frozen red 

meat, it was observed that the meat samples pre-

sented counts above the permissible level, the limit 

being 10x106 CFU/g, so the risk of spoilage is 

higher11. 
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Figure 1 Development of mesophilic aerobes in CFU/g according to pH range 

 

  

 

Figure 2 Development of E. coli in CFU/g according to pH range 

 

 

E. coli at pH 5.9 presented the lowest CFU count 

with 1.75 and the highest at pH 6 to 7 with 2.25 CFU 

(Figure 2), a value that is within the levels estab-

lished by the NB 310017 standard. No significant 

statistical difference by month was observed in any 

of the 2 microorganisms (p>0.05). 

Sensory analysis. The organoleptic characteristics of 

flavor, color, odor and texture were evaluated in 

cooked meat from the beginning to the end of the test 

(Table 2). At pH < 5.8 there were no variations in the 

first month, but in the second month a change in 

color was observed (it became an opaque red) and in 

6,8E+06

7,8E+06

1,0E+07

0,0E+00

2,0E+06

4,0E+06

6,0E+06

8,0E+06

1,0E+07

1,2E+07

<5,8 5,9 6 a7

U
F

C
/g

Ranges de pH

2,0E+00

1,8E+00

2,3E+00

0,0E+00

5,0E-01

1,0E+00

1,5E+00

2,0E+00

2,5E+00

<5,8 5,9 6 a7

U
F

C
/g

Ranges de pH



Vol. 10 No 2 2023                                                                                             Tolerable fecal coliform limits in the preservation of beef 

______________________________________________________________________________________________________________ 

100 

the third month there were variations in the three pa-

rameters. 

At pH 5.9 from month 2 the samples showed varia-

tions in 3 parameters and in month 3 a change in odor 

(Table 2). At pH 6 to 7 from month 2, there were 

variations in color and odor, and in month 3 in tex-

ture and odor. At pH 5.9 and pH 6 to 7 after 2 months 

of storage, there were evident signs of deterioration 

(Table 2). 

The E. coli CFU count showed low values under the 

conditions of pH, storage, time and temperature in 

which the study was carried out16, indicating that no 

significant growth was observed for E. coli in the 

meat cuts stored at 0 and 4° C for 3 months. 

 

Table 2 Sensory evaluation with pH: < 5.8, 5.9 and 6 to 7 in vacuum-packed meat stored at 0 ± 1° C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 Sensory evaluation with pH: < 5.8, 5.9 and 6 to 7 in vacuum-packed meat stored at 0 ± 1° C (Continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

 

In the study carried out, it was found that meat with 

intermediate pH (5.9) and high pH (6 to 7) should not 

be vacuum-packed or stored for a period of 3 months 

because it does not maintain its organoleptic charac-

teristics that ensure quality and safety for human con-

sumption17. 

The storage of vacuum-packed cuts with a pH < 5.8 

and kept at 0° C contributes to the quality of the prod- 

uct, controls microbial development and maintains 

its sensory characteristics in commercially accepta-

ble conditions for 3 months, which allows its 

transport to distant destinations17-20. 

FRIDOSA uses innovative techniques for the preser-

vation of vacuum-packed meat products, thus im-

proving the shelf life and quality of its cuts, for which 

it conducts studies on texture, water retention, micro-

bial development and color5. 

Research carried out at FRIDOSA is related to the 

Parameters 

 pH ˂ 5-8 

Initial 1 month 2 month 3 month 

Taste 

Crude Not applicable     

Cocido Beef and veal Own Own 
Characteristic ma-

tured meat 

Characteristic 

matured meat 

Color 

Crude Bright reddish Reddish Reddish Opaque red Brown 

Cocido Cooked meat Own Own Opaque red Brown 

Olor 

Crude Meat Meat Meat 
Characteristic ma-

tured meat 
Residual 

Cocido Meat Meat Meat Meat 
Characteristic 

matured meat 

Texture 

Crude Normal Normal Normal Slightly soft Soft 

Cocido Normal Normal Normal Slightly soft Soft 

pH 5.9 pH 6 a 7 

1 month 2 month 3 month  1 month 2 month 3 month 

      

Own Characteristic matured meat Acid Own Slightly acidic Ácid 

Reddish Opaque red Brown Reddish Opaque red Brown 

Own Brown Brown Own Marrón Brown 

Meat Characteristic matured meat Residual Meat  Residual 

Meat Residual Residual Meat  Residual 

Normal Slightly soft Soft Normal Slightly acidic Soft 

Normal Slightly soft Soft Normal Residual Slightly soft Soft 
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control of meat quality with the pH of live muscle, 

which is normally above 7, with the pH of the meat 

after slaughter reaching values of 5.4 to 5.7 in normal 

meats. 

The pH of meat has an effect on its organoleptic char-

acteristics such as color and water retention capacity, 

but has only a slight effect on flavor and tenderness, 

which is why it is difficult to predict changes in the 

latter through pH6. 

Maturation time has a significant influence on pH. 

Frozen meat does not show increases in pH in rela-

tion to storage time. Vacuum packaging was able to 

neutralize the increase in pH, but at the time of pack-

aging, the product should not have a pH higher than 

5.85. The variation of pH values is the effect of many 

factors, some of which are specific to the animal (ge-

netics, metabolism, susceptibility to stress, etc.), but 

normally the most relevant ones have to do with the 

environment in which the animal was handled and its 

carcass during the 24 h before and after slaughter8. 

In relation to mesophytic bacterial, significant varia-

tions in CFU/g were observed in the samples ana-

lyzed, coinciding with Martinez et al.7 who men-

tioned that these variations are due to factors such as 

the final pH of the meat, temperature and storage 

time; it is worth noting that pH values <5.8 showed 

low microbial development. 

In the sensory analysis of the 1 month cooked meat, 

no variations were observed in the organoleptic char-

acteristics at the 3 pH levels, but in the 2nd and 3rd 

months it showed signs of deterioration unfit for hu-

man consumption at pH > 5.921. At high pH, the risk 

of deterioration (protein degradation, putrefaction) is 

greater. Meat and meat products with pH above 6.0 

are particularly risky1,22. 

A fundamental parameter for ensuring the shelf life 

of fresh cuts is the refrigeration temperature, which 

has a direct effect on the speed of microbial growth; 

however, strict control of microbial load and temper-

ature is not sufficient to achieve a limited marketing 

period23. 

In this sense, cuts stored at 4° C presented physico-

chemical and appearance alterations in month 3 pH 

<5.416, loss of vacuum and presence of odors, while 

at 0°C no alterations were perceived until month5. 

The color change occurred from month 2 at pH levels 

> 5.8. Meat color is the first quality aspect that di-

rectly influences consumer preferences18 and the de-

cision of whether or not to buy beef, the first one per-

ceived at the time of purchase24-26. 
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