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In the production of meat products, various 
food additives and functional food ingredients 
are commonly added to raw meat. These food in-
gredients and additives ensure the characteristic 
properties of the product, such as texture, colour, 
taste or odour [1, 2]. Meat products of high qual-
ity contain the lowest amount of food additives as 
necessary. Food additives are not used to replace 
the meat or mask defects in the meat [2, 3]. The 
correct use of food additives is clearly defined by 
the legislation of the European Union [3], as well 
as their effects, dosage, composition and potential 
negative health consequences. However, the long-
term attitude of the general public towards the use 
of food additives is negative [2, 4].

Thus, many studies have examined various 
ways to replace questionable artificial food 
additives without negatively affecting the overall 
quality of meat products. One of the possible 

approaches is to replace problematic food addi-
tives with natural compounds. However, there 
is no official general definition of natural com-
pounds or natural food additives in the EU legis-
lation. In the available literature, researchers use 
natural compounds from three possible sources 
[4, 5]. In most studies, natural compounds are ob-
tained from plants [5–7]. In some studies, antimi-
crobial and other functional substances produced 
during microbial fermentation are rated among 
natural compounds [4, 5, 8]. And finally, some 
studies classify certain products of animal ori-
gin, such as the enzyme lysozyme, the proteins of 
albumen or the lactoperoxidase system of milk, as 
natural compounds [4, 5]. For the purposes of this 
study, natural substances of the plant origin will be 
discussed.

Natural compounds obtained from plants, 
similarly to commonly used additives, can have 
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One of the less explored sources of natural 
compounds applicable in the production of meat 
products is acerola (Malpighia emarginata DC.) 
[15–18]. Acerola fruit is a  rich natural source of 
ascorbic acid (10–45 g·kg-1 of fruit) [15]. Fur-
thermore, it contains other bioactive compounds 
such as carotenoids (for example β-carotene, 
β-cryptoxanthin, lutein), phenolic acids and fla-
vonoids [15, 19]. Currently, acerola fruit is used 
mainly for direct consumption, in the beverage 
industry or in the production of food supple-
ments [19, 20]. Even though acerola fruit is a well-
known source of bioactive compounds, there are 
only few studies on the effect of the addition of 
acerola on the quality of cooked meat products. 
In the studies by Realini et al. [16] and Fruet 
et al. [17], the effects of acerola extract on the 
stability of beef patties were investigated. Accord-
ing to those studies, acerola extract had a positive 
effect on the oxidative and colour stability of meat 
products. A study of de Paiva et al. [18] examined 
the influence of acerola fruit powder on the sta-
bility of caiman meat nuggets during refrigerated 
storage. In that study, acerola had a positive effect 
on colour and did not affect the oxidative stabil-
ity or sensorial quality of the nuggets. Accord-
ing to studies by Souza et al. [21] and Eça et al. 
[22], acerola fruit pulp or extracts can be incor-
porated into biodegradable packaging materials. 
Active substances contained on the surface of the 
package are capable of being gradually released to 
the surface of the food. This can possibly be used 
in the packaging of meat products for deceleration 
of lipid and colour oxidation.

Due to the limited available knowledge on 
the usage of acerola in meat production, there is 
an increasing need to explore the use of this fruit 
in a  broader range of meat products. Therefore, 
we examined the possible positive effect of acerola 
extract on the quality of soft salami. Furthermore, 
we investigated the possibility of replacing both 
industrially produced ascorbic acid and sodium 
ascorbate with acerola extract. Acerola extract 
could have the same or a similar effect on the oxi-
dative and colour stability of soft salami as the tra-
ditionally used antioxidants. In addition, acerola 
extract has the benefit of being more attractive to 
consumers.

Materials and methods

Experimental design
To examine the effect of acerola on the qual-

ity of soft salami, we proceeded according to the 
following scheme (Fig. 1). The whole experiment 

a  positive effect on the technological and sen-
sory properties of meat products and, at the same 
time, are highly acceptable to consumers [4, 6]. 
The available studies focus mainly on natural sub-
stances with antimicrobial and antioxidant effects, 
as well as on the substances that can improve the 
colour of meat products [4, 6, 9]. Well-researched 
sources of natural compounds are, for example, 
various herbs (rosemary, thyme, oregano, sage) 
[10–12], spices (pepper, cinnamon, nutmeg) 
[6, 10, 11], fruits and vegetables (grapevine, grape-
fruit, cranberry, onion, garlic, capsicum, toma-
toes) [6, 9, 12] and other plants such as aloe vera 
[13] and tea plant [14]. Natural compounds from 
the aforementioned sources are commonly added 
to meat products in the form of liquid or powder 
extracts [9]. Even though the natural compounds 
have a  great potential for use in the production 
of meat products, several technological problems 
can be associated with their application. Natu-
ral compounds often have a  strong taste and/or 
odour and, therefore, they may not be applicable 
to a  wide range of meat products. Some com-
pounds may not be stable during the processing 
and storage of meat products, while some may 
adversely affect the colour stability [4, 9, 10]. For 
this reason, new sources of natural compounds 
with a  minimal negative impact on the overall 
quality of meat products are being sought out.

SOFT SALAMI MANUFACTURING

Replications1st 2nd

Storage conditions

Uncut pieces 
of salami

Stored 
in the dark

3 ± 1 °C
28 days

Sliced samples 
of salami

Analysed parameters

Microbiological analysis 
Sensory evaluation

pH

TBARS
Colour measurement

Stored 
in the dark

3 ± 1 °C
28 days

Stored 
in the light
3 ± 1 °C
28 days

Fig. 1. Scheme of experimental design.

TBARS – thiobarbituric acid-reactive substances.
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was performed in two replications to verify the re-
peatability.

Materials
Fresh meat (Tab. 1) was obtained twice (first 

and second replication) at two-month inter-
vals from a  commercial processing plant in the 
Czech Republic. The meat was stored at 3 ± 1 °C 
for 1–2 days before manufacturing. Acerola ex-
tract (content of ascorbic acid 172 g·kg-1; total 
phenolics content expressed as gallic acid equiva-
lent 167  g·kg-1) was obtained from Alchimica 
(Prague, Czech Republic). Ascorbic acid and so-
dium ascorbate were obtained from Sigma Aldrich 
(St. louis, Missouri, USA). Curing salt (content 
of sodium chloride 994 g·kg-1; content of sodium 
nitrite (E250) 6 g·kg-1) was obtained from Trumf 
International (Brno, Czech Republic). Liquid 
polyphosphate and spices were obtained from 
Hubka-Petrášek a  vnuci (Prague, Czech Repub-
lic).

Soft salami manufacturing 
Samples of soft salami were prepared accord-

ing to a traditional recipe (Tab. 1) in the laboratory 
of the Department of Food Preservation (Univer-
sity of Chemistry and Technology Prague, Prague, 
Czech Republic). Fresh meat was ground in 
Meat Grinder HLM G12SS (Hsiao Lin Machine, 
Taichung, Taiwan) by passing through a  4  mm 
plate. Immediately after, the ground meat, ice, 
liquid polyphosphate, curing salt and spices were 
mixed and cut using a bowl cutter CM 41 (Mainca, 
Barcelona, Spain). The resulting meat batter was 
divided into four batches. The first two batches 
were mixed with a  standard amount of either 
ascorbic acid (290 mg·kg-1, control sample 1 – AI) 
or sodium ascorbate (290  mg·kg-1, control sam-
ple  2 – AII). The third and fourth batches were 
mixed with acerola extract powder at 3.5 g·kg-1 and 
5 g·kg-1, respectively.

The meat batters with ascorbic acid, sodium 
ascorbate or acerola extract were filled in poly
amide bags (Viscase, Lombard, Illinois, USA). 
Each piece of salami was approximately 30  cm 
long and weighed approximately 400 g. Then, the 
samples were cooked in a convection oven 20 GN 
(Fagor Industrial, Oñati, Spain) for 10 min, ob-
taining a  temperature of 70  °C in the centre of 
the product according to the Czech regulation 
69/2016 [23]. The samples were let to cool down 
to room temperature (20 ± 2 °C) and divided into 
several groups (Fig. 1). A half of the samples were 
left uncut and these whole pieces of salami were 
placed in a refrigerator at 3 ± 1 °C in the dark. The 
rest of the samples were aseptically unpacked and 

sliced into 2 cm thick slices and vacuum-packaged 
(90% vacuum) in transparent polyethylene-
polyamide bags (Wipak, Helsinki, Finland). After-
wards, half of these prepared samples were stored 
at 3 ± 1 °C in the dark, while the other half were 
stored at 3 ± 1  °C  in the light (fluorescent light, 
approximately 700 lx). These conditions were in-
tended to simulate different ways of storage of 
meat products in shops and their effects on colour 
stability and lipid oxidation during storage. The 
samples were stored for 28 days.

Microbiological analysis
Samples of soft salami were analysed according 

to Czech Standards ČSN EN ISO 6887-1 [24] and 
ČSN EN ISO 6887-2 [25].

Ten grams of the soft salami from each sample 
were weighed aseptically into a sterile blender bag 
(VWR, Philadelphia, Pennsylvania, USA), then 
mixed with 90 ml of sterile physiological saline so-
lution and homogenized in a  laboratory blender 
Mixwel plus MIXW 1002 (Alliance Bio Exper-
tise, Guipry, France) for 2 min. Then, 1 ml of the 
appropriate dilution was pipetted onto a  sterile 
Petri dish and mixed with Plate Count Agar (PCA; 
Merck, Darmstadt, Germany). PCA plates were 
incubated at 30 °C for 72 h. Samples were analysed 
on day 1 after packaging and then after 14 and 
28 days of storage.

pH measurement
pH values were measured using pH meter 

Seven Go SG2-B with combined pH puncture 
electrode InLab Solids (Mettler Toledo, Colum-
bus, Ohio, USA). Each sample was measured 
three times on the first day of storage.

Lipid oxidation
Lipid oxidation in samples was determined 

by measuring 2-thiobarbituric acid-reactive 
substances (TBARS, method of Tarladgis et al. 
[26]) on days 1, 7, 14, 21 and 28 of storage for both 

Tab. 1. Composition of soft salami.

Raw materials [%]

Beef shank 20.0

Beef round 10.0

Pork lean 33.0

Pork arm shoulder 20.0

Water 14.6

Curing salt 1.9

Liquid polyphosphate 0.4

Spices (white pepper, nutmeg) 0.1
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the samples stored in the dark and in the light. The 
results were expressed as milligrams of malondial-
dehyde (MDA) per kilogram of soft salami.

Colour measurement
The colour of the soft salami was measured 

using a  Minolta CM 5 reflection spectrophoto
meter (Konica Minolta, Tokyo, Japan). Colour 
measurements were carried out in the CIE-Lab 
space with 10° standard observer, illuminant D65 
and an aperture diameter of 30  mm. Previously 
sliced samples were packed in transparent poly
ethylene-polyamide bags (Wipak, Helsinki, Fin-
land). This enabled the instrument use Specular 
Component Included (SCI) mode to measure the 
true colour of the sample without the influence 
of surface conditions of the polymer foil. The 
measured values of lightness (L*), redness (a*) 
and yellowness (b*) were evaluated by the pro-
grams Spectra Magic NX (Konica Minolta) and 
Microsoft Excel (Office 2016, Microsoft, Red-
mond, Washington, USA). Results were reported 
as average of 18  consecutive measurements from 
random locations of each sliced sample (three 
pieces of salami from each sample, six measure-
ments of colour for each piece). Colour measure-
ments were carried out on days 1, 7, 14, 21 and 28 
of storage.

Sensory analysis
In all experiments, samples of soft salami 

were presented to a semi-trained sensory panel of 
15  researchers from Department of Food Preser-
vation (University of Chemistry and Technology 
Prague). Samples were coded with four-digit ran-
dom numbers and were presented to the assessors 
in random order. Equally big pieces of salami 
were served cold along with unsalted crackers 
and water. Panellists were asked to evaluate 

sample colour, intensity and acceptability of off-
flavours and atypical taste, intensity of salty taste 
and overall sensory quality. These qualities were 
evaluated with the use of 10 cm non-structured 
linear scoring scale ranging from 0 (not intense; 
unacceptable) to 10 (extremely intense; accept-
able). The optimum for the acceptability of salty 
taste was represented by a value of 5. The samples 
of soft salami were evaluated on day 7 of storage.

Statistical analysis
The data obtained from the measurements 

were evaluated regarding statistical significance 
by one-way ANOVA using Statistica 13.1 (Dell, 
Round Rock, Texas, USA). Significance of the 
differences among results were analysed using 
Tukey’s post hoc test (at P < 0.05).

Results and discussion

Microbiological stability
The addition of acerola had no significant 

effect (P > 0.05) on the microbiological stability of 
the salami during storage (Tab. 2). Similar results 
on the minimal effect of the addition of acerola 
extract on the microbial stability of beef patties 
were reported by Realini et al. [16].

pH values 
The addition of acerola had a significant effect 

(P < 0.05) on the decrease in pH of the salami 
(Tab.  3). This was probably caused by the high 
contents of malic, citric and tartaric acids in the 
acerola extract [19]. Generally, the decrease in 
pH can have a positive effect on the slowing down 
of microbial growth and a  negative effect on the 
water-holding capacity in meat products in the 
pH range of 5–7 [5, 27]. However, the decrease in 

Tab. 2. Effects of the addition of acerola extract on the total microbial counts of soft salami during storage.

Replication
Day 

of storage
Total microbial counts [log CFU·g-1]

AI AII B C

1st

1 1.90 ± 0.01 a 1.86 ± 0.01 a 1.75 ± 0.03 b 1.84 ± 0.02 ab

14 2.93 ± 0.03 2.98 ± 0.04 2.86 ± 0.05 2.86 ±0.08

28 4.81 ± 0.04 4.86 ± 0.02 4.88 ± 0.01 4.87 ± 0.01

2nd

1 2.39 ± 0.04 2.50 ± 0.03 2.39 ± 0.04 2.37 ± 0.01

14 3.87 ± 0.02 3.96 ± 0.02 3.88 ± 0.05 3.93 ± 0.04

28 6.61 ± 0.02 a 6.38 ± 0.04 b 6.17 ± 0.12 b 6.59 ± 0.02 a

The results are presented as mean ± standard deviation. The means with different superscript letters (a, b) in the row are sig-
nificantly different (P < 0.05).
AI – control sample with the addition of ascorbic acid, AII – control sample with the addition of sodium ascorbate, B – sample 
with the addition of acerola extract 3.5 g·kg-1, C – sample with the addition of acerola extract 5 g·kg-1.
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pH in the range of 6.23–6.17 in the first replica-
tion and of 6.28–6.21 in the second replication was 
probably too low for these changes to appear.

Thiobarbituric acid-reactive substances 
TBARS values fluctuated during storage in the 

dark (Tab. 4). The fluctuations could be caused by 
the further reactions of aldehydes in the oxidized 
lipids or by the possible reactions of the secondary 

oxidation products of lipids with proteins and 
other food components. Such reaction products 
were not detected by the TBARS measurement 
[28]. Despite the fluctuating nature of the 
measured values, all samples stored in the dark in 
both replications had significantly higher TBARS 
values (P < 0.05) at the end of storage.

TBARS values of the samples stored in the 
light grew significantly faster than of those stored 

Tab. 3. Effects of the addition of acerola extract on pH of soft salami.

Replication
pH

AI AII B C

1st 6.23 ± 0.01 a 6.23 ± 0.01 a 6.17 ± 0.01 b 6.17 ± 0.01 b

2nd 6.28 ± 0.01 a 6.28 ± 0.01 a 6.21 ± 0.01 b 6.21 ± 0.02 b

The results are presented as mean ± standard deviation. The means with different superscript letters (a, b) in the row are sig-
nificantly different (P < 0.05). 
AI – control sample with the addition of ascorbic acid, AII – control sample with the addition of sodium ascorbate, B – sample 
with the addition of acerola extract 3.5 g·kg-1, C – sample with the addition of acerola extract 5 g·kg-1.

Tab. 4. Effects of the addition of acerola extract on the thiobarbituric acid-reactive substances values 
of soft salami during storage in the dark and in the light.

Replication
Day 

of storage
TBARS [mg·kg-1]

AI AII B C

Samples stored in the dark

1st

1 0.075 ± 0.006 B 0.070 ± 0.011 B 0.073 ± 0.003 B 0.066 ± 0.009 B

7 0.123 ± 0.002 aA 0.119 ± 0.004 aA 0.081 ± 0.001 bB 0.082 ± 0.007 bAB

14 0.087 ± 0.012 B 0.073 ± 0.005 B 0.070 ± 0.010 B 0.089 ± 0.005 A

21 0.065 ± 0.003 B 0.074 ± 0.012 B 0.087 ± 0.003 B 0.080 ± 0.004 AB

28 0.130 ± 0.006 A 0.124 ± 0.012 A 0.108 ± 0.010 A 0.105 ± 0.006 A

2nd

1 0.153 ± 0.009 D 0.144 ± 0.010 C 0.139 ± 0.002 D 0.146 ± 0.010 B

7 0.181 ± 0.009 aC 0.170 ± 0.007 abBC 0.158 ± 0.002 bCD 0.131 ± 0.003 cB

14 0.234 ± 0.009 aB 0.199 ± 0.003 aB 0.169 ± 0.015 bC 0.139 ± 0.023 bB

21 0.151 ± 0.006 dD 0.196 ± 0.006 bB 0.216 ± 0.004 aB 0.172 ± 0.005 cB

28 0.277 ± 0.007 aA 0.291 ± 0.022 aA 0.247 ± 0.012 bA 0.230 ± 0.004 bA

Samples stored in the light

1st

1 0.068 ± 0.005 D 0.077 ± 0.016 D 0.070 ± 0.007 D 0.079 ± 0.005 C

7 0.314 ± 0.013 aC 0.297 ± 0.019 aC 0.200 ± 0.029 bC 0.183 ± 0.027 bC

14 0.769 ± 0.029 aB 0.621 ± 0.061 bB 0.583 ± 0.028 bB 0.434 ± 0.032 cB

21 0.671 ± 0.073 B 0.631 ± 0.044 B 0.519 ± 0.041 B 0.528 ± 0.056 B

28 1.195 ± 0.030 aA 1.157 ± 0.033 aA 1.003 ± 0.015 bA 0.911 ± 0.038 bA

2nd

1 0.152 ± 0.010 D 0.138 ± 0.005 D 0.140 ± 0.012 E 0.142 ± 0.006 E

7 0.720 ± 0.061 aC 0.613 ± 0.006 aC 0.470 ± 0.049 bD 0.363 ± 0.032 bD

14 0.908 ± 0.028 aB 1.009 ± 0.061 aB 0.873 ± 0.088 aC 0.648 ± 0.013 bC

21 1.979 ± 0.032 aA 1.814 ± 0.062 aA 1.061 ± 0.062 bB 1.143 ± 0.058 bB

28 2.016 ± 0.039 aA 1.928 ± 0.084 aA 1.638 ± 0.043 bA 1.397 ± 0.068 cA

The results are presented as mean ± SD. The means with different superscript capital letters in the column (A–E) or lowercase 
letters in the row (a–d) are significantly different (P < 0.05). 
TBARS – thiobarbituric acid-reactive substances (expressed as milligrams of malondialdehyde per kilogram of soft salami).
AI – control sample with the addition of ascorbic acid, AII – control sample with the addition of sodium ascorbate, B – sample 
with the addition of acerola extract 3.5 g·kg-1, C – sample with the addition of acerola extract 5 g·kg-1.
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in the dark (Tab.  4). The faster oxidation of li-
pids in the light was probably supported by the 
oxidation of photosensitive heme pigments of 
heat-treated meat products nitrosylmyoglobin 
and its detaturated pink form nitrosylmyochrome 
[29–32]. The oxidation of these pigments in the 
light, in combination with the presence of oxygen 
even at low oxygen levels in the headspace of the 
package, leads to further oxidative reactions with 
metmyoglobin and hemin as main products [29, 
31–33]. The formation of these compounds nega-
tively affects the lipid stability and leads to oxi-
dative rancidity, the development of off-flavours 
and product discoloration [29]. Oxidized flavour 
could be, according to Campo et al. [34], perceived 
by consumers in the range of MDA contents of 
0.5–1.0 mg·kg-1 in pork and 0.6–2.0 mg·kg-1 in beef. 
Thus, it could be perceived on day 14 in the first 
replication and on Day 7 in the second replication. 
The rapid oxidation of the samples in the light also 
resulted in significant discolouration, which is dis-
cussed in the section Colour measurements.

Ascorbic acid and sodium ascorbate belong 
to the most important antioxidants used in heat-
treated meat products. During the manufactur-
ing, they participate in the formation of the typical 
pink colour of the product by reducing metmyo
globin to myoglobin and nitrites to nitric oxide. 
Their addition can also decelerate the oxidation 
and discolouration of the meat products during 
storage [35, 36]. The replacement of ascorbic acid 
and sodium ascorbate with acerola extract posi-
tively affected the oxidation stability of the soft 
salami. When stored in the dark, the samples with 
the addition of acerola showed lower TBARS 
values (P < 0.05) than the control samples on 
Day 7 in the first replication and on Days 7, 14 and 
28 in the second replication. On the other days of 
dark storage, there were no significant differences 
in TBARS values between the samples (P > 0.05). 
During the storage in light, the samples with the 
addition of acerola were statistically less oxidized 
(P < 0.05) on Days 7 and 28 in the first replica-
tion and on Days 7, 21 and 28 in the second rep-
lication. The reason for the improvement of the 
oxidative stability of salami with the addition of 
acerola, compared to the control samples with 
ascorbic acid and sodium ascorbate, could be the 
synergistic effect of ascorbic acid, carotenoids 
and phenolic compounds contained in acerola. 
These are, for example, lutein, β-carotene, quer-
cetin and anthocyanins, which may have a  posi-
tive effect on the oxidative stability of foods [19, 
37]. Our results agree with the study of Realini 
et al. [16] and Fruet et al. [17], where the oxida-
tive stability of beef patties with acerola was better 

than that of the control samples. In contrast, the 
study of de Paiva et al. [18] did not show a  sig-
nificant effect of acerola on improving the oxida-
tive stability of caiman nuggets. To the best of our 
knowledge, there are not many studies that deal 
with the effect of the replacement of ascorbic acid 
or sodium ascorbate by acerola extract on the oxi-
dative stability of cooked meat products.

Colour measurements
Replacement of ascorbic acid and sodium 

ascorbate by acerola extract had a significant effect 
on the instrumental colour of salami stored in the 
dark and in the light (P < 0.05). Samples with the 
acerola extract had a  statistically lower lightness 
(L*), higher redness (a*) and higher yellowness 
(b*) at the beginning of storage (Fig.  2, Fig.  3). 
This agrees with the study of Realini et al. [16] 
and Fruet et al. [17]. The lower lightness of the 
acerola-containing salami samples was related to 
higher redness and yellowness that was probably 
caused by the carotenoids and anthocyanins con-
tained in the acerola extract [19, 38]. 

When stored in the dark, all samples of the soft 
salami became discoloured during the storage pe-
riod (P < 0.05). However, samples with the addi-
tion of acerola extract were superior to the control 
samples because they maintained lower L*, higher 
a* and higher b* values throughout the storage 
period (Fig.  2). Discolouration of the samples 
was probably caused by microbial growth, oxida-
tion of lipids and/or oxidation of heme pigments 
[29, 39]. Storage in the light resulted in more sig-
nificant discolouration in comparison to storage 
in the dark (Fig.  3). This could be related to the 
sensitivity of nitroxymyochrome and nitroxymyo
globin to light in the presence of oxygen and to 
the associated oxidative changes [29, 30]. In the 
second replication, these changes were more pro-
nounced probably due to the more advanced lipid 
oxidation (Tab. 4) and/or due to the higher micro-
bial counts (Tab. 2). All samples showed a signifi-
cant decrease in redness and a significant increase 
in lightness and yellowness (P < 0.05). However, 
the addition of acerola had a  significant positive 
effect on maintaining the colour of soft salami. 
Samples with acerola had significantly lower L* 
and higher a* values than the control samples 
throughout the storage period. Improved colour 
stability in the samples with acerola was probably 
caused by a combination of factors. The addition 
of acerola slowed down both the oxidation of 
lipids (Tab. 4) and the oxidation of heme pigments 
due to the synergistic effect of ascorbic acid, caro-
tenoids and other phytochemicals contained in the 
extract [19, 37]. Furthermore, carotenoid pigments 
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Fig. 2. Effects of the addition of acerola extract on the colour of soft salami during storage in the dark.

A – lightness during the first replication; B – lightness during the second replication; C – redness during the first replication; D – 
redness during the second replication; E – yellowness during the first replication; F – yellowness during the second replication.
Markers represent the means and the error bars represent the standard deviations. The means with different superscript 
lowercase letters (a–d) are significantly different between the samples (P < 0.05) and different capital letters (A–B) indicate 
significant difference between the first and last day of storage (P < 0.05).
AI – control sample with the addition of ascorbic acid, AII – control sample with the addition of sodium ascorbate, B – sample 
with the addition of acerola extract 3.5 g·kg-1, C – sample with the addition of acerola extract 5 g·kg-1.
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Fig. 3. Effects of the addition of acerola extract on the colour of soft salami during storage in the light.

A – lightness during the first replication; B – lightness during the second replication; C – redness during the first replication; D – 
redness during the second replication; E – yellowness during the first replication; F – yellowness during the second replication.
Markers represent the means and the error bars represent the standard deviations. The means with different superscript 
lowercase letters (a–d) are significantly different between the samples (P < 0.05) and different capital letters (A–B) indicate 
significant difference between the first and last day of storage (P < 0.05).
AI – control sample with the addition of ascorbic acid, AII – control sample with the addition of sodium ascorbate, B – sample 
with the addition of acerola extract 3.5 g·kg-1, C – sample with the addition of acerola extract 5 g·kg-1.
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are relatively stable during the manufacturing of 
meat products. Moreover, the loss of carotenoids 
during the light storage is not so significant if 
the meat product is vacuum-packed [28]. Simi-
lar results on the positive effects of acerola on 
the colour of meat products were reported in the 
studies of Bloukas et al. [38], Realini et al. [16], 
Fruet et al. [17] and de Paiva et al. [18].

Sensory analysis
The addition of acerola extract had a  signifi-

cant effect (P < 0.05) on increasing the inten-
sity of foreign taste, which, however, was highly 
acceptable for the panellists (Fig. 4). Samples with 

acerola extract had higher overall quality in the 
second replication (P < 0.05). This could be re-
lated to statistically lower lightness, higher redness 
and higher yellowness in the samples with acerola 
on Day 7 of storage (Fig.  2), when the samples 
were sensorially evaluated. Other assessed para
meters were comparable in all respects (P > 0.05). 
This agrees with the study of Reallini et al. [16] 
and de Paiva et al. [18], who investigated the 
effect of the addition of acerola extract on the 
quality of meat products. Our results suggest that 
the addition of acerola extract had no negative 
effects on the sensory quality of soft salami.
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Fig. 4. Effects of the addition of acerola extract on the sensory quality of soft salami.

A – first replication, B – second replication.
AI – control sample with the addition of ascorbic acid, AII – control sample with the addition of sodium ascorbate, B – sample 
with the addition of acerola extract 3.5 g·kg-1, C – sample with the addition of acerola extract 5 g·kg-1.
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Conclusion

Our results showed that the addition of acerola 
extract to the soft salami vastly improves the 
colour and helps to considerably slow down the 
discolouration during storage in the dark and in 
the light. Moreover, the addition of acerola extract 
had a comparable or even better antioxidant effect 
than the standard used ascorbic acid or sodium 
ascorbate in soft salami. The addition of acerola in 
the range of 3.5–5  g·kg-1 had no negative impact 
on the microbiological stability or sensorial 
quality. Thus, acerola could enable the replace-
ment of questionable food additives in cooked 
meat products. The positive effect of acerola on 
the oxidative and colour stability of soft salami 
would be even more significant in the combination 
of functional packaging with an oxygen absorber. 

Although acerola extract had a  positive effect 
on the quality of soft salami, there are some limi-
tations and challenges which relate to the use of 
acerola extract in the meat industry. One of them 
is the significantly higher price of the extract in 
comparison with the traditionally used antioxi-
dants and colourants. However, the price is most 
likely to drop in the near future due to the grow-
ing market of acerola extracts. Another challenge 
for the use of acerola extract in meat products is 
the legislation. Acerola extract is not permitted as 
a food additive in the European Union. Some pro-
ducers recommend labelling the usage of acerola 
on the package of the meat product as “acerola 
flavouring”, which supposedly follows the Regula-
tion (EC) No. 1334/2008 [40]. However, this way 
of labelling does not describe the real purpose of 
the use of acerola extract in meat products. To be 
classified as an approved food additive, antioxi-
dant or colourant, acerola should undergo the au-
thorization procedure according to the Regulation 
(EC) No. 1331/2008 [41].

Another drawback of the use of acerola extract 
in the meat industry is the need to find the right 
amount of the extract for every type of meat 
product. There is also a  need for the analysis of 
the content of bioactive compounds in the indi-
vidual batches of extract. Some limitations could 
also be related to the manufacturing of the meat 
products. The acerola extract used in our study 
was a  fine powder, which made it more difficult 
to obtain a  uniform blend throughout the meat 
batter than in the case of using ascorbic acid or so-
dium ascorbate.

Despite these limitations, we believe that 
acerola could be a  suitable natural food additive 
for a  wide range of meat products because of its 
positive effect on the oxidative and colour stabil-

ity of the meat products, its lack of strong taste or 
odour and its attractiveness for consumers.
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