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1 Introduction
The progress experienced in meat industrialization and the 

raise on the social and economic status of the population in the 
last years concurred to an increase in the consumption of meat 
products well as in its quality requirement (Madruga  et  al., 
2004; Ramos & Gomide, 2007). Synthetic additives are 
intentionally added to food during production or processing 
to improve organoleptic quality and/or to prevent deterioration 
(Péret-Almeida et al., 2008; Ramalho & Jorge, 2006). Although 
food additives impart technological advantages to food, a concern 
about risks associated with their consumption remains, like 
allergic reactions, carcinogenicity, and behavioral disorders, 
such as hyperactivity (Agência Nacional de Vigilância Sanitária, 
1999; Honorato et al., 2013; Zheng & Wang, 2001).

Today’s consumers look for healthier and more practical 
meat products, preferably with no synthetic chemical additives 
but still with pleasant and attractive color and taste and it rests 
to the food technologists the challenge to develop new products 
to meet that demand (Guimarães et al., 2010; Ramos & Gomide, 
2007; Sales et al., 2015; Varela & Fiszman, 2013). The gourmet 
burger has attracted great consumer interest as it is made 
with fresh and tasty ingredients and maintains the nutritional 
value and convenience in the preparation (Oliveira et al., 2013; 
Souza et al., 2012).

However, hamburgers are subject to deterioration, mostly 
due to the action of microorganisms and to lipid oxidation, 
which may occur during processing and / or storage. The use of 
natural additives containing phenolic compounds and carotenoids 

seems to be promising to refrain these deterioration processes in 
foods (Bierhals et al., 2009; Cao et al., 2009; Garcia et al., 2012).

To this end, spices like saffron, ginger, annatto, cloves, 
cinnamon, rosemary and oregano are referred to make safer 
food products and of longer shelf life have (Martínez-Tomé et al., 
2001; Semwal et al., 2015; Shan et al., 2007; Zhang et al., 2016). 
Thus, the aim of this study was to evaluate the effects of saffron, 
ginger and urucum on the microbial load and the lipid oxidation 
of bovine hamburgers prepared with these spices.

2 Material and methods
2.1 Experimental design

A completely randomized design with 3 replicates in a 
3 x 4 factorial arrangement was used. The factors studied were: 
three storage periods (0, 7 and 15 days for refrigerated burgers 
and 0, 15 and 60 days for frozen burgers for the microbial count 
and 0, 30 and 60 days for the lipid oxidation analysis) and four 
burger formulations [control, composed of a base formulation 
without additives (Table 1) and three other formulations, added 
with saffron, ginger and urucum spices].

2.2 Burgers preparation

Antisepsis of utensils and surfaces used for the preparation 
of the burgers was performed with 70% alcohol. Handlers had 
their hands washed and used disposable gloves and caps during 
the preparation (Agência Nacional de Vigilância Sanitária, 2004).
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The ingredients used for the elaboration of the hamburgers 
base formulation had recognized quality and were purchased 
in the local trade. The beef used had the seal of the Federal 
Inspection Service and was ground twice in an industrial 
grinder; the extra-virgin olive oil (O-Live) had maximum 
acidity of 0.2%. Powdered saffron (Curcuma longa L) and ginger 
(Zingiber officinale Roscoe) were purchased in the pure form 
in the local trade specialized in natural products (Temperos & 
Arte) and the urucum (Bixa orellana L.) seeds were harvested 
from a tree located at the Faculty (fruits, leaves and flowers were 
botanically authenticated in the Department of Botany - IB - 
UNESP – Botucatu), oven-dried for 72 h at 40 °C and ground 
in an industrial mill before use.

For the base formulation, the breads were moistened with 
potable water (approximately 700 ml) for about 30 minutes, 
pressed to remove water and mixed with the ground beef, the olive 
oil and the salt. The definition of the spices concentration was 
based on a preliminary sensorial analysis. The spices were added 
to the mixture according to the treatments, at 1% (w / w), and 
the final mixture was pressed and shaped manually. The burgers 
were individually wrapped in polyethylene film, then a portion 
of them was stored for 15 days at 4 ° C and another portion was 
stored for 60 days at -30 °C.

2.3 Microbiological analysis

Total bacteria (viable facultative aerobic and anaerobic 
mesophilic bacteria) were counted by the plating method 
in PCA (Plate Count Agar) and the results were expressed 
in log of the Colony Forming Units (CFU), as described by 
Downes & Ito (2001). The analyzes were performed immediately 
after the burgers were prepared and repeated after 7 and 15 days 
of storage at 4 °C and after 15 and 60 days of storage at -30 °C.

2.4 Lipid oxidation

Ten g of the hamburgers were homogenized with 50 ml of 
7.5% trichloroacetic acid in turrax for 1 min. Then the mixture was 
filtered and 5 ml of the filtrate were transferred to tubes containing 

5 ml of 0.02 M thiobarbituric acid. The tubes were heated in a 
boiling water bath for 40 minutes and cooled in running water 
for 10 minutes for the quantification of the thiobarbituric acid 
reactive substances (TBARS) by spectrophotometry at 538 nm. 
Values were expressed as mg of malonaldehyde / kg of sample. 
The analyzes were performed soon after the burgers were made 
and repeated after 30 and 60 days of storage at -30 ºC.

2.5 Sensory analysis

The affective sensory analysis of the hamburgers (appearance, 
aroma, color, taste and texture) was performed with 43 untrained 
panelists, regular consumers of hamburgers. Prior to the 
assessment, the subjects were informed about the objectives 
and methods of the research and signed an Informed Term 
of Consent. The procedures were approved by the local Ethics 
Committee on Human Research (Opinion CEP 2.440.503).

The grilled samples identified with three random digits 
were presented to the panelists in white disposable dishes and 
the subjects were asked to rate the samples on the basis of a 
5-point hedonic scale (5 = “strongly liked”, 4 = “moderately liked”, 
3 = “indifferent”, 2 = “moderately disliked” and 1 = “strongly 
disliked”) (Minin, 2013). Mineral water and cream cracker 
biscuits were available as neutralizers between samples in order 
to avoid carryover effects.

The purchase intention was also evaluated using a 5-point 
hedonic scale (5 = “certainly would buy”, 4 = “probably would 
buy”, 3 = “may buy/may not buy”, 2 = “probably would not 
buy”, 1 = “certainly would not buy”) and the scores obtained 
were classified as: “rejection” (1 and 2); “indifference (3)” and 
“acceptance” (4 and 5).

2.6 Statistical analysis

Data on microbiological and lipid oxidation assays were 
analyzed by ANOVA, followed by t test when appropriate 
(p <0.05) and data from the sensory analysis were assessed with 
Friedman test followed by Simes-Hochberg test when appropriate 
(p <0.05). The data were analyzed using the Statistical Analyses 
System (SAS) 2012.

3 Results and discussion
3.1 Microbiological analysis

The interaction between the formulations and the storage 
periods under refrigeration (Table  2) was not statistically 
significant (p = 0.196) regarding to the total bacteria count (TBC). 

Table 1. Hamburger base formulation.

Ingredients Quantity
Ground bovine meat 1000 g
Bread (French type) 140 g
Salt 20 g
Extra-virgin olive oil 10 L

Table 2. Means (± standard deviations) of the total bacterial counts (log CFU */g) in the refrigerated burgers.

Formulations
Refrigeration (4 °C)

Storage period (days)
Means

0 7 15
Control 7.20 ± 0.00 9.88 ± 0.11 9.98 ± 0.02 9.02a ± 1.41
Saffron 6.89 ± 0.22 9.32 ± 0.01 9.18 ± 0.19 8.46c ± 1.23
Ginger 6.78 ± 0.31 9.09 ± 0.05 9.50 ± 0.03 8.45c ± 1.32

Urucum 7.04 ± 0.00 9.46 ± 0.24 9.58 ± 0.18 8.69b ± 1.29
Means 6.98b ± 0.22 9.44a ± 0.32 9.56a ± 0.32 -

*CFU = Colony Forming Unity. Means with the same letter do not differ statistically in both rows and columns at 5% significance.
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Refrigeration increases the lag phase of the microbial growth 
and thus increases the shelf life of food (Madigan et al., 2016). 
However, after a period of adaptation to low temperatures, the 
microbial growth resumes, albeit at a slower rate (Tortora et al., 
2012), as it was observed in the present study.

All burgers containing natural additives had lower TBC than 
the control formulation, thus demonstrating the bactericidal 
effect of these spices (Table 2). In addition, the ginger and saffron 
burgers had lower TBC than the urucum burgers, when the 
storage temperature was 4ºC. Mancini et al. (2017a) also detected 
a delay on the TBC of pork burgers added of powdered ginger 
at 1% and 2% and stored at 4 °C for 7 days.

The interaction between the formulations and the storage 
periods under freezing also was not statistically significant 
(p = 0.460) regarding to TBC (Table 3). Freezing makes microbial 
metabolism infeasible by preventing enzymatic activity and 
limiting water activity in foods and may even cause cell death 
due to temperature-induced injuries (Archer, 2004; Fellows, 
2006; Forsythe, 2013). That was probably the case in the 
present study, since the lowest TBC was found with 60 days of 
storage (Table 3). This effect was potentiated by the presence 
of ginger in the hamburger formulation, which confirmed the 
antimicrobial action of the spice, as already described in the 
literature (Yadav et al., 2012).

The antimicrobial effect of the spices can be attributed to 
phenolic compounds like curcumin, bisdemethoxycurcumin, 
demethoxycurcumin, gingerols (saffron) and shogaols (ginger) 
(Brasil, 2015; Péret-Almeida  et  al., 2008; Semwal  et  al., 
2015), and to carotenoids like bixin and norbixin (urucum) 
(Galindo-Cuspinera & Rankin, 2005; Garcia  et  al., 2012; 
Mercadante & Pfander, 2001; Tocchini & Mercadante, 2001).

It is recognized that the antimicrobial activity of phenolic 
compounds may involve multiple modes of action, such as 
breakage of the cell wall, rupture of the cytoplasmic membrane 

with leakage of cellular components, alteration of fatty acid 
constituents and membrane phospholipids, and influence on DNA 
and RNA synthesis with (Shan et al., 2007; Zhang et al., 2016).

3.2 Lipid oxidation

A significant interaction (p = 0.0064) between the hamburger 
formulations and the storage periods under freezing was detected 
(Table 4). The use of the spices guaranteed the lowest TBARS 
with 0, 30 and 60 days of storage, which means an important 
result once the shelf life of frozen hamburger 60 days.

More than bringing undesirable organoleptic characteristics 
to foods, lipid oxidation causes the loss of nutrients and the 
production of compounds harmful to human health, thus impairing 
the nutritional value (Ansorena & Astiasarán, 2004; Germano 
& Germano, 2001; Koblitz, 2011). Besides that, temperature 
is not able to inhibit the reaction, which may increase during 
frozen storage (Fellows, 2006), as it occurred in the experiment.

These results demonstrate the effectiveness of the spices 
also as antioxidants and indicate that their phenolic compounds 
and carotenoids may be used as an alternative to synthetic 
antioxidants (Del Ré & Jorge, 2012; Georgantelis et al., 2007; 
Karre et al., 2013). Due to their oxidation-reduction properties, 
the phenolic compounds play an important role in the absorption 
and neutralization of free radicals (Zheng & Wang, 2001) and 
also are able to chelate metal ions, so disrupting the propagation 
phase of the lipid oxidation reaction (Degáspari & Waszczynskyj, 
2004). The conjugated double bonds in the carotenoids structures 
render them antioxidant properties, acting as quenchers of singlet 
oxygen and scavengers of other reactive oxygen species, both 
in vivo an in vitro. So, the use of carotenoids containing spices 
in food formulations might also bring benefits to the consumers 
since the adequate carotenoid supplementation may significantly 
reduce the risk of several disorders mediated by reactive oxygen 
species (Edge et al., 1997; Fiedor & Burda, 2014).

Table 3. Means (± standard deviations) of the total bacterial counts (log CFU * / g) in the frozen burgers.

Formulations
Freezing (-30 °C)

Storage period (days)
Means

0 15 60
Control 7.16 ± 0.06 6.75 ± 0.05 6.45 ± 0.15 6.79a ± 0.33
Saffron 6.70 ± 0.01 6.52 ± 0.15 6.05 ± 0.01 6.43ab ± 0.31
Ginger 6.34 ± 1.00 6.83 ± 0.05 6.02 ± 0.03 6.40b ± 0.58

Urucum 7.10 ± 0.10 6.77 ± 0.04 6.24 ± 0.04 6.70ab ± 0.39
Means 6.83a ± 0.52 6.72a ± 0.14 6.19b ± 0.19 -

*CFU = Colony Forming Unity. Means with the same letter do not differ statistically in both rows and columns at 5% significance.

Table 4. Influence of the formulations on the burgers lipid oxidation.

Formulations
TBARS (mg of malonaldehyde /kg)

Storage period (days)
0 30 60

Control 0.174 ± 0.011c 0.202 ± 0.018b 0.255 ± 0.023a

Saffron 0.154 ± 0.008c 0.157 ± 0.018c 0.163 ± 0.007c

Ginger 0.120 ± 0.008d 0.117 ± 0.009d 0.153 ± 0.018c

Urucum 0.125 ± 0.015d 0.153 ± 0.018c 0.160 ± 0.009c

TBARS – Thiobarbituric Acid Reactive Substances. Means with the same letter do not differ statistically at 5% significance.
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Antioxidant activity in camel and tilapia meat hamburgers 
prepared with ginger and urucum extracts has also been described 
in the literature (Abdel-Naeem & Mohamed, 2016; Meleiro et al., 
2013) well as in pork and rabbit burgers prepared with ginger 
powder and refrigerated at 4 °C for 7 days (Mancini et al., 2017a; 
Mancini et al., 2017b).

3.3 Sensory analysis

Ginger and control burgers headed the tasters acceptance 
regarding to appearance and color, which are decisive sensory 
attributes for the buying decision (Figure 1). This preference was 
confirmed by the higher scores assigned to the same formulations 
in the purchase intention survey (Figure 2) and this result was 
explained by the color similarity between ginger and control 
formulations. Aroma and flavor did not differ between treatments 
and the final texture of the burgers was not influenced by the 
type of spice (Figure 1).

The main objective of the sensory analysis is to study the 
perceptions, sensations and reactions of the consumer to the 
characteristics of the products, including their acceptance or 
rejection and represents an important tool for the food industry, 
especially in the development of new products (Minin, 2013; 
Ramos & Gomide, 2007). The lower grades received by the saffron 
and urucum formulations for appearance, color and purchase 
intent (Figures 1 and 2) demonstrated that the consumers are used 
to standard formulations and resists novelties such as the color 

that came up from the carotenoids in the spices. The disapproval 
of saffron and urucum burgers was associated to the colors of 
the products, referred as “deteriorated” and “raw”, respectively, 
by the panelists.

Other authors also found high sensory acceptance for burgers 
prepared with ginger and different types of meat (Abdel-Naeem 
& Mohamed, 2016; Mancini et al., 2017a).

Among the spices tested in this experiment, ginger showed 
up the best one for controling microbial growth and lipid 
rancidity and attained the highest sensory acceptance, which 
makes it the spice of choice to be used as a natural additive in 
the elaboration of beef hamburgers.

4 Conclusion
The addition of the spices in the formulations reduced the 

microbial counts and slowed the lipid oxidation of the burgers. 
Moreover, the burgers made with ginger had the highest rates 
of sensory acceptance and purchase intent.
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