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INTRODUCTION

The food industry tends to create products with synthetic pre-
servatives to prevent food from deteriorating, extend shelf life, 
inhibit the growth of microorganisms and prevent the altera-
tion of physical-chemical and organoleptic properties.1Studies 
related to the intake of food items containing synthetic pre-
servatives reveal that consumers may develop health prob-
lems, such as cancer, age-related issues, vascular diseases and 
degenerative diseases. This is because free radicals accumu-
late in the body. For this reason, the global food industry is 
encouraging the consumption of healthy, safe and high-quality 
products through the use of natural preservatives of vegetable 
origin,2 for instance vitamins and essential oils extracted from 
plants. Essential oils are considered secondary metabolites 
that have antimicrobial, antiparasitic, insecticide, antiviral, an-
tifungal and antioxidant properties.3,4

Guava is a tropical fruit that is distributed throughout 
the Americas. In Ecuador, it is even found in the Andean 
valleys.5Guava essential oil is obtained from the leaves, 
which contain bioactive compounds, such as phenolic acids, 
flavonoids and carotenoids, which provide greater antioxi-
dant capacity.6,7,8 The antioxidant effect of essential oils is 
less than that of vitamins, especially vitamin C.9,10,11Thus, 
vitamin C, when combined with essential oils, enhances 
their properties due to a synergistic effect. In food, vitamin 
C acts by eliminating free radicals. It slows down the chain 
reactions that occur upon contact with oxygen and therefore 
prevents food spoilage.12,13

Given that there are bacteria, moulds and yeasts that dete-
riorate food, it is necessary to inhibit microbial activity with 
natural compounds, which have the ability to halt their mul-
tiplication.6,7,8 In this context, the antioxidant effect of guava 
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ABSTRACT
Introduction: The food industry uses synthetic preservatives in order to extend the shelf life of products and avoid their dete-
rioration. However, some of these preservatives can affect people’s health. In order to counteract this, industries are replacing 
them with those of vegetable origin. Guava is one option, because of its bioactive compounds. 
Objective: The purpose of this study was to substitute synthetic preservatives with natural compounds to offer consumers a 
high-quality product that guarantees their health.
Method: This study evaluated the effect of seven concentrations of guava essential oils and ascorbic acid on the microbial activ-
ity (Staphylococcus aureus, Escherichia coli and Salmonella) of Frankfurter-style chicken sausages over a period of 30 days. 
Therefore, finding a viable solution to reduce the contamination levels of Frankfurter-style chicken sausages and to propose a 
natural alternative as preservative in these meat products. The collected data was analysed by means of ANOVA.
Results: Of the results obtained, the application of 1000 ppm of guava essential oil alone or in combination with 700 ppm of 
ascorbic acid was best at inhibiting the presence of these microorganisms in the sausages, compared with the synthetic pre-
servative (BHT). 
Conclusion: It is important to mention that the number of microorganisms present in the sausages were within the ranges 
stipulated by Ecuadorian regulations. Therefore, the obtained results demonstrated the potential of guava essential oil (Psidium 
guajava L) in the processed food industry, constituting a viable alternative to replace those of artificial origin.
Key Words: Antimicrobial, Antioxidant, Chicken sausage, Guava essential oil, Natural preservatives, Ascorbic acid
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essential oil in combination with ascorbic acid in chicken 
sausages was tested. There is evidence that some plant com-
pounds have anti-microbial action, since they decelerate the 
growth of microorganisms in processed foods. Hence, a vi-
able technological alternative is to replace synthetic preserv-
atives with natural compounds to offer consumers a high-
quality product that guarantees their health.

MATERIALS AND METHODS

The sausages were prepared under strict hygienic practices 
at the Food Processing facilities of UDLA (Universidad de 
las Américas) using this formulation: chicken meat (40 %), 
chicken fat (15 %), soy protein (13 %), corn starch (7 %), 
salt (3 %), spices (3.5 %), sugar (2 %), carrageenan (1 %), 
iced water (15 %) and the proposed antimicrobial growth 
agents. The obtained emulsion was packed in the appropri-
ate casings and a heat treatment was applied by immersion 
in hot water (82 °C until a 73 °C internal temperature was 
achieved) with a subsequent bath in cold water to cool the 
sausages down before packaging. A total of 882 chicken sau-
sages were prepared with the desired concentrations of the 
proposed microbial growth inhibitors, divided into 3 repeti-
tions that were carried out 1 month from each other. Each 
sausage weighed 10 g and was individually vacuum-packed 
for further storage. In order to contrast the antimicrobial ef-
fect of the ascorbic acid (AA) and guava essential oil (GEO), 
BHT (butylated hydroxytoluene) was considered as a con-
trol. The sausages were stored at a cold temperature (4 °C) 
and the microbial growth in the sausages was assessed every 
5 days over the period of a month (days 0, 5, 10, 15, 20, 25 
and 30). Seven treatments were performed, as shown below 
in Table 1.  

Table 1: Treatment description of the proposed mi-
crobial growth inhibitors with BHT as a control in 
Frankfurter-style chicken sausages
Treatment GEO (ppm) AA (ppm) BHT (ppm)
T1 0 0 0
T2 0 0 100
T3 500 200 0
T4 600 300 0
T5 800 500 0
T6 1000 700 0
T7 1000 0 0

GEO= Guava essential oil; AA= ascorbic acid; BHT= butylated 
hydroxytoluene.

According to the Ecuadorian Food Legislation14 described 
in Table 2, a meat product must comply with health stand-
ards in order to be released by the industry. In this table, 
the method used to assess the variables is mentioned. In our 
study, the variables for microbial growth were: Mesophilic 

aerobes count (cfu/g), Escherichia coli presence (cfu/g), 
Staphylococcus aureus count (cfu/g) and Salmonella pres-
ence (cfu/25g). 

Table 2: Health standards for cooked meat products 
according to Ecuadorian Legislation (INEN 1338: 2012)
Requirement Acceptable

 level
Rejection 

level
Legislation

Mesophilic 
aerobes(cfu/g)

5x105 1x107 NTE INEN 1529-5

Escherichia coli 
(cfu/g)

< 3 - AOAC 991.14

Staphylococcus 
aureus (cfu/g)

1x103 1x104 NTE INEN 1529-
14

Salmonella/ 
25 g

Absent  NTE INEN 1529-15

From each sausage, 1 g was randomly obtained for the mi-
crobiological and chemical analyses. These samples were 
cultivated in specific media to check for microbial presence. 
The mesophilic aerobes assessment was performed by ob-
taining as stated 1 g samples and each sample was introduced 
into 9 ml of peptone water. An aliquot of the solution was 
inoculated in PCA (plate count agar) and further incubated 
at 37 °C for 48 h. All whitish-yellowish round colonies were 
counted in the tripartite petri dishes. Another sausage was 
used for the following analysis: 1 g sample + 9 ml of pep-
tone water was used for Staphylococcus aureus count. This 
solution was inoculated into Mannitol Nutrient Agar tripar-
tite petri dishes and further incubated at 37 °C for 48 h. All 
yellowish round colonies were counted. As for the E. coli 
assessment, another sausage was used to obtain the 1g ran-
dom sample (immersed into 9 ml of peptone water) and the 
solution was further inoculated into Eosin Blue Metilated 
Agar and incubated at 37 °C for 48 h. Metallic green-colored 
bacteria with black-blueish centers were taken into account 
if present in the agar. 

Meanwhile, for Samonella, SS Agar (Salmonella-Shigella 
Agar) was used. It was necessary to carry out a pre-enriched 
step with peptone water and then an enriched step with Muller 
Kauffman tetrathionate broth and later with Rappaport-Vassi-
liadis Soya broth. Finally, 100 microliters of this enriched 
broth that already contained the sample was placed on the SS 
agar at 37 ºC for 24 hours. Tripartite petri dishes were inocu-
lated and all pink and bright red bacteria present were counted.

The cfu were counted and the following formula was used:

In order to assess the chemical properties of the sausages, the 
variables taken into account were pH and peroxide level. pH 
determination was accomplished using a Fished Scientific 
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Accume potentiometer in each of the samples taken. This 
value was compared to the Ecuadorian Food Legislation 
standard that recommends a maximum of 6.2. For the perox-
ide level in the samples, a MQuant Peroxide semi-quantita-
tive Test (Merck) was used with a peroxide level range of 0; 
5; 2; 5; 10; and 25 mg/l H2O2. 

RESULTS 

Mesophilic aerobes 
When analyzing the growth data of mesophilic aerobes in the 
products, it was determined that there are significant differ-
ences between treatments starting at day 15 (Table 3).

Table 3: Effect of essential oils on the growth of meso-
philic aerobes in chicken sausages over 30 days
  Means squared
Days D of F M. aerobs  S. aureus Peroxide

0 20 2.41ns 0 ns -
5 20 51.66ns 2.22ns 0.0004*

10 20 162.01ns 2.84ns 0.014*
15 20 181.10** 5.42** 0.04*

20 20 461.11** 8.88** 0.03*

25 20 861.20** 15.07** 0.06*
30 20 434.91** 7.60** 0.03**

ns: no statistical differences; * Statistical differences (5%); ** 
Statistical differences (1%).

Mesophilic aerobes appeared from day 5 onwards in the 
product. However, from day 15, they increased consistently 
up to 30 days in all treatments (Table 4). Treatment T7, 
which contained 1000 ppm of guava essential oil, was the 
best at inhibiting the growth of this type of microorganism, 
since it presented the lowest amount of cfu / g of mesophilic 
aerobes (133 cfu/g), followed by T5 with more than 3 times 
the amount of the pathogen (767 cfu), and also T6 (1000 
ppm of guava essential oil + 700 ppm of ascorbic acid) with 
3033 cfu / g. The same trend occurred for the evaluations 
carried out at 20, 25 and 30 days (Table 4). For its part, 
the control (T2) containing the synthetic preservative BHT 
exceeded the amount recommended by Ecuadorian regula-
tions, increasing from 9133 to 21967 cfu/g between days 
15 and 30.

Staphylococcus aureus
The treatments under study affected the growth of Staphy-
lococcus aureus as well as the aforementioned microorgan-
ism from day 15 onwards (Table 3). The amount of cfu of 
Staphylococcus aureus increased as the storage time of the 
products increased for all treatments (Table 5). Only T7 had 
less than 1000 cfu of Staphylococcus aureus, which com-
plies with the provisions of the INEN standard. However, 
T6 did not exceed that amount by much, hence treatments 
6 and 7 did not have significant statistical differences (let-
ter c).

Table 4: Mesophilic aerobic averages in chicken sausages between 15 and 30 days after processing
Mesophilic Aerobes (cfu/g)

Day 15 Day 20 Day 25 Day 30
T1 4722 ± 846 cd 12733 ± 6225 cd 15200 ± 5376 cd 25889 ± 5358 cd
T2 2545 ± 234 cb 9133 ± 351 cd 13755 ± 3803 cd 21967 ± 2318 cd
T3 10589 ± 571 d 15789 ± 859 d 23533 ± 14695 d 39755 ± 5589 d
T4 2167 ± 171 abc 6367 ± 2184 bcd 7478 ± 2813 bcd 16611 ± 8672 bc
T5 289 ± 139 ab 767 ± 491 ab 15444 ± 6576 cd 26444 ± 7919 cd
T6 578 ± 386 ab 3033 ± 2530 abc 3633 ± 303 cd 5454 ± 2974 ab
T7 133 ± 88 a 167 ± 88 a 211 ± 84 a 267 ± 121 a

Means followed by the same letter in each column are statistically equal (Tukey 5%).

Table 5: Staphylococcus aureus averages in chicken sausages between 15 and 30 days after processing
Staphylococcus aureus (cfu / g)

   Day 15 Day 20 Day 25 Day 30
T1 55 ± 39 a 111 ± 107 a 144 ± 84 a 3211 ± 222 b
T2 66 ± 58 a 800 ± 153 b 5756 ± 350 c 13222 ± 102 c
T3 145 ± 39 a 7667±612 d 10767±1765 e 15511 ± 826 e
T4 100 ± 33 a 2844 ± 51 c 10822 ± 455 e 10571 ± 5096 d
T5 122 ± 39 a 3211±801 c 7956 ± 455 d 14322 ± 971 de
T6 556 ± 117 b 1.211±302 b 1478 ± 300 b 7289 ± 402 c
T7 111 ± 38 a 156 ± 20 a 411 ± 150 a 722 ± 84 a

Means followed by the same letter in each column are statistically equal (Tukey 5%).
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Escherichia coli and Salmonella 

In the 30 days of investigation, neither E.coli nor Salmo-
nella cfu grew

Peroxides
Regarding peroxides, an effect of the treatments was deter-
mined on the evaluated product during the entire evaluated 
period (Table 3). The average and standard deviation of the 
peroxide data at days 20, 25 and 30 can be seen in Table 
6. From day 20, differences were identified between treat-
ments.

Table 6: Peroxide averages in chicken sausages be-
tween 15 and 30 days after processing

Peroxides

Day 20 Day 25 Day 30

T1 1.50 ± 0.87 b 3.00 ± 1.73 b 4.00 ± 1.73 b

T2 1.50 ± 0.87 b 1.50 ± 0.87 ab 4.00 ± 1.73 b

T3 0.50 ± 0.00 ab 0.50 ± 0.00 a 1.00 ± 0.87 a

T4 0.50 ± 0.00 ab 1.00 ± 0.87 ab 1.50 ± 0.87 a

T5 0.83 ± 1.04 ab 1.33 ± 1.15 ab 1.33 ± 1.15 a

T6 0.00 ± 0.00 a 0.33 ± 0.29 a 0.83 ± 1.04 a

T7 0.17 ± 0.29 ab 0.50 ± 0.00 a 1.00 ± 0.87 a

Means followed by the same letter in each column are statisti-
cally equal (Tukey 5%).

DISCUSSION

Mesophilic aerobes 
It is important to note that the amount of this microorganism 
present in the product during the time evaluated in T7 is within 
the parameters stipulated by Ecuadorian regulations,14which 
indicate that the amount must be equal to or less than 5 x 105 

cfu / g for sausages, therefore we can indicate that they are 
suitable for human consumption.

It is important to indicate that food can contain bacteria 
(mesophilic aerobes), molds and yeasts, and depending on 
the amount of these microorganisms present, it can be evalu-
ated whether or not a product is suitable for human consump-
tion1.In this study, it can be indicated that the T7 sausages 
are safe for consumption during the 30 days of evaluation. 
Furthermore, this indicates that the processing and stor-
age processes were adequate.The inhibition of mesophilic 
aerobes in chicken sausages with antimicrobial emulsions, 
which contained the essential oil of guava monoterpenes, 
1,8 cineol,α- terpenil and p- cimen, among others, delayed 
the growth of microorganisms14,15and therefore increased the 
product’s shelf life.16

Treatments T6 presented the lowest averages of cfu / g of 
mesophilic aerobes over the 30 days. This coincides with 
the study by17, who determined in an in vitro study that the 
minimum inhibitory amount of guava essential oil in chicken 
sausages should be 800 ppm. The presence of ascorbic acid 
in T6 also helped to control the proliferation of bacteria.13

In our investigation, it was determined that all the treatments 
were within the parameters of the INEN Standard for sau-
sages as regards mesophilic aerobes. In chicken sausages, 
the antimicrobial solutions did not totally inhibit mesophilic 
aerobes; however, the decrease was due to the guava essen-
tial oil in combination with ascorbic acid.

Staphylococcus aureus
The growth of Staphylococcus aureus in processed foods 
limits their useful life. The presence of this bacterium is con-
sidered an indicator of sanitary control1, because it can pro-
duce toxic infections in the consumer caused by thermostable 
toxins.1In chicken sausages, the proliferation of bacteria took 
place from day 0 to day 30, exceeding the admissible limits 
set by the INEN standard (1,000 cfu / g). The only treatment 
that maintained the product’s useful life until day 30 was T7. 
This is corroborated by the studies published by,18,19who re-
ported that extracts of Psidium guava perform antimicrobial 
activity on gram-positive bacteria such as Staphylococcus 
aureus, determining that the minimum inhibitory concentra-
tion is between 500 and 1,000 ppm of guava essential oil. 
Another research group20 also found that guava extract is an-
tibacterial due to its constituents and that it limits the growth 
of Staphylococcus aureus. Additionally21,22confirmed that 
the active compounds of guava essential oil as thermenoids 
provide an antimicrobial effect and inhibit some Staphylo-
coccus aureus strains.23,24,25

The T2 treatment, which contains BHT (chemical preserva-
tive), inhibits the presence of S. aureus up to day 20. There-
fore, the T7, which contains only guava essential oil, had the 
best results.8Rakmaia26 demonstrated that the antimicrobial 
activity of guava essential oil with a minimum inhibitory 
amount of 500 μg / ml controlled the growth of S. aureus 
thanks to the presence of monoterpenes such as limonene.

Escherichia coli and Salmonella 
The presence of bacteria such as Escherichia coli and Sal-
monella spp. indicates that a product is contaminated and is 
unsuitable for human consumption1.The Frankfurter-style 
chicken sausages with antimicrobial emulsions did not pre-
sent colony-forming units of Escherichia coli and Salmonel-
laspp during the thirty days of investigation. All the treat-
ments inhibited the growth of Escherichia coli. This was due 
to the presence of components like flavonoids in guava,26,27 
which causes the denaturation of the membrane and inhibits 
the proliferation of Escherichia coli.28Furthermore, studies 
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from Bermudez et al.3confirmed the effectiveness of guava 
essential oil against E. coli in meat and bone meal previously 
contaminated with this bacterium.

Studies by Dhiman et al.8also revealed that a minimal inhibi-
tory concentration (0.78 μg / ml of the P. guajava extract) 
exhibited the bacterial activity of E. coli.During the thirty 
days of research, there was no contamination by Salmonella 
spp. in the chicken sausages: all treatments inhibited this 
bacterium. This is consistent with the in vitro investigation 
of guava essential oil through the disc diffusion method, the 
result of which was an inhibition of 9 mm.29

Arima et al.31 identified two new flavonoid glycosides, 
morin-3- O- α- L- lixopyranoside and morin-3- O- α- L-
arabopyranoside, which with a minimum inhibition concen-
tration of 200 μg / ml were able to inhibit Salmonella bac-
teria.Furthermore, guava essential oil’s anti-bacteriostatic 
activity against Salmonella is attributed to the presence of 
flavonoids.27

However, there are studies in which the effect of guava es-
sential oil on the inhibition of gram-negative bacteria, such 
as Escherichia coli could not be verified. One group of in-
vestigators extracted oil from Psidium guava through vari-
ous processes and demonstrated that there was no inhibition 
of Escherichia coli due to the permeable structure of this 
bacterium’s membranes, which are composed of an external 
lipopolysaccharide that restricts the entry of the essential oil 
extract.20

In addition, the inhibition of these bacteria was attributable 
to the effect of the scalding temperature in the formulation 
of the sausages, as confirmed by,30 who established that in 
the elaboration of sausages it is necessary to use scalding or 
a heat treatment. This process reduces the number of micro-
organisms present in the samples because it reaches a tem-
perature of 70-75 ºC, guaranteeing the safety of the food with 
respect to these bacteria. In this case, the sausage production 
was controlled by scalding, reaching an internal temperature 
of 70 ºC and a water temperature of 75 °C, guaranteeing the 
safety of the food with respect to these bacteria.By not pre-
senting colony-forming units of Escherichia coli and Salmo-
nella spp. over the 30-day period, the chicken sausages were 
within the parameters of the INEN Standard,14 which estab-
lishes that they must be less than 3 cfu/g for Escherichia coli 
and that the colony-forming units must be completely absent 
for Salmonella spp.

Peroxides
Peroxides have an oxidizing capacity in food.They are com-
pounds that produce lipid rancidity, which causes food to 
deteriorate and shortens its useful life.31From day 20 to day 
30, there were significant changes between treatments, be-
cause peroxides formed due to a lipolysis process (Table 3). 
However, only treatments 1 and 2 exceeded the limits estab-

lished by,31which suggest that a peroxide index of 10 meq / 
L or above in meat products causes oxidative rancidity and 
deterioration.

Treatments 3 to 7 controlled lipid rancidity, which agrees 
with,32 who determined that the presence of solutions with 
essential oils in meat products preserves the product by post-
poning the oxidation that causes its deterioration. 

CONCLUSION 

The studied treatments over the 30 days had different ef-
fects on the control of the microorganisms evaluated in the 
chicken sausages. The use of guava essential oil alone and in 
combination with ascorbic acid were the treatments that best 
controlled those microorganisms, having an even better ef-
fect than the synthetic preservative used as a control. In addi-
tion, they had the best action against the product’s peroxides, 
obtaining the lowest averages.
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