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ABSTRACT: 

The optical properties of meat and meat products could be analyzed in a simple way by means of 
the reflectance spectrum, particularly by analyzing the indexes R650/R570 (RSI), R560/R500 
(NI) and R630/R580 (PTI). Certain optical properties are related to the haeminic pigments 
concentration and their chemical states. Thus, it is possible to study the evolution of the curing 
process of a dry-cured meat product, such as Spanish “salchichón”. Based on this, the evolution of 
the curing process of untreated “salchichón” and treated with potassium sorbate (antifungal) was 
carried out. Results showed modifications of the curing process due to the treatment with 
potassium sorbate, undergoing a higher initial nitrosation, but a higher discolouration at the end of 
the process. Therefore, potassium sorbate reduced the stability of nitrosopigments, and thus, the 
cured colour. 
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RESUMEN: 

El análisis de los espectros de reflexión, en particular, mediante el uso de los índices R650/R570 
(ID), R560/R500 (IN) y R630/R580 (ITP), permite analizar de forma sencilla las propiedades 
ópticas de la carne y productos cárnicos. Determinadas propiedades ópticas están relacionadas 
con la concentración de pigmentos hemínicos y con su estado químico, por lo que posibilita el 
estudio de la evolución del proceso de curado de un producto cárnico crudo-curado, como el 
salchichón. De esta manera se ha comparado la evolución del proceso de curado de salchichones 
sin tratar y de salchichones tratados con sorbato potásico (antifúngico). Los resultados muestran 
que la aplicación del tratamiento con sorbato potásico modifica el proceso de curado, provocando 
una mayor nitrosación inicial, pero una mayor decoloración al final del proceso. Por tanto, el 
sorbato reduce la estabilidad de los nitrosopigmentos, y por tanto del color curado. 

Palabras clave: Espectrofotometría, Reflexión, Productos Cárnicos Crudo-Curados, Sorbato.
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1. Introduction 
Colour is becoming very important in the food 
industry, since consumers decision when 
purchasing is highly influenced by colour 
acceptability. Additionally, meat and meat products 
appearance is highly affected by colour. Therefore, 
consumers use colour as an indicator of quality and 
freshness. Thus, colour analysis should be 
considered in the quality controls, processing and 
development of new products [1]. In general, food 
colour is determined subjectively by panellists, or 
objectively with several equipments, such as 
colorimeters, spectrophotometers or computer 
vision [2]. Then, these techniques permit to the 
food industry to obtain different information by 
means of the optical properties of the product. For 
instance, knowing the modifications of the optical 
properties of a product it is essential to evaluate the 
effect of the addition of novel ingredients, such as 
antioxidants, antibacterial, functional ingredients, 
fibre and so on [3], in reformulations, and during 
processing and conservation [4].  

Meat colour is primarily due to the presence of 
haeminic pigments (with a haem prosthetic group 
with iron) and its chemical changes in its structure, 
and also because of the existence of other pigments 
such as carotenoids and citocroms [5, 6]. The main 
haeminic pigment is myoglobin (Mb), which is 
found in three states: oximyoglobin (OMb) with a 
red colour and contains Fe2+, deoximyoglobin 
(DMb) with a purplish-red colour and also Fe2+, and 
metmyoglobin (MetMb) with a brown colour and 
Fe3+ in the haem prosthetic group. All three occur 
together in meat, they are in a kind of equilibrium; 
being easy to degrade the native form (Fe2+) into 
the oxidised form (Fe3+), and giving a brownish 
colour not acceptable in cured meat and sausage 
products [7]. However, nitrites and nitrates are used 
as curing agents in dry-cured meat products, 
forming nitrosomyioglobin (NOMb) with a red 
colour, the typical cured colour [8].  

Direct reflection spectrum analysis is a method 
based on analysis of the spectral response of a 
product to the visible radiation (400-700 nm), what 
is the light reflected by the surface of the meat 
sample. Thus, reflectance spectrum is an excellent 
tool to describe the meat and meat products colour 
appearance on surface, since each compound has a 
particular reflection spectrum. Moreover, 
reflectance measurement is closely related to the 

visual perception [9, 10]. Absorption values could 
also be used, but an extraction of the pigment 
would be necessary; however, the reflectance ratio 
method excludes errors due to the extraction, since 
the analysis is done without destroying the sample. 
In addition, with this method, repeated 
measurements over time can be made on the same 
sample; and it is a rapid and easy procedure [10, 
11]. Nevertheless, reflectance measurements are 
affected by muscle structure, surface moisture, fat 
content and pigment concentrations [11], but many 
of these effects may be corrected by using ratios of 
reflectance at different wavelengths, able to 
estimate the relative proportions of the essential 
haeminic pigments responsible for the colour [10]. 
Thus, it is possible to detect variations in the meat 
and meat products colour during processing and 
shelf life, and also modifications of the chemical 
structure of the pigments could be followed during 
technological processing [1]. More related to cured 
meat colour measurement, these ratios could be 
used to follow the evolution of the cured colour and 
discolouration [12]. In fact, the most used ratios in 
the meat industry to estimate the different states of 
Mb are the nitrosation index (NI) R560/R500, the 
red colour stability index (RSI) R650/R570 and the 
pigment transformation index (PTI) R630/R580 [1, 
7]. NI and RSI parameters have been also used to 
measure the colour of cured meat products by other 
authors [13, 14]. 

In relation with dry-cured meat products, on the 
one hand, fungi growth on surface originates some 
desirable effects, since their enzymes participate in 
the proteolysis, aminoacids degradation, lypolysis, 
β-oxidation, and lactate oxidation [15], related to 
the typical flavour and texture development among 
others. Moulds also retard rancidity appearance and 
stabilise the colour by difficulting oxygen and light 
penetration, and through catalase activity [16]. On 
the other hand, uncontrolled mould could grow on 
most dry cured meat products, producing a green, 
gray, or yellow pigmentation; even toxic and 
allergenic mould metabolites may diffuse into the 
meat. This kind of mould growth is undesired, and 
it could occur also during distribution and retail 
[17]. Therefore, in some countries, such as Spain, 
dried sausages with superficial white mycelium are 
considered desirable, but in North America and 
other countries consumers reject to buy dried 
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sausages covered with this kind of mould. Then, 
chemical preservatives, such as potassium sorbate, 
are applied in dry-fermented sausages, especially 
on the surface, in order to inhibit the mould growth 
during the drying process [18]. Potassium sorbate 
has become a usual antifungal used to extend the 
shelf-life of dry-fermented sausages. However, the 
effect of its addition on colour is unknown. 
Therefore, the aim of this work is to determine the 
effect of the superficial application of potassium 
sorbate on colour of “salchichón”, a Spanish dry-
cured sausage, making use of the reflectance 
spectrum. 

 

2. Materials and method 
2.1. Sausage formulation and manufacture 

Sausage manufacturing was performed following 
the methodology described by Pérez-Álvarez et al 
[19], according to the industrial procedure in the 
Food Pilot Plant of the IPOA group research in the 
University Miguel Hernández. The mixture was 
prepared with the following composition: 60% lean 
pork meat, 40% fat pork meat, 2% salt, 0.05% 
black pepper, 0.05% white pepper, 0.05% 
ascorbate, 0.015% sodium nitrite and 0.03% 
potassium nitrate, and 1% lactose. The meat was 
grounded at 4°C in a mincer through a 6 mm 
grinder plate (Mainca PM-98, Equipos cárnicos 
S.L., Granollers, Barcelona, Spain) and 
homogenized in a bowl mixer with a spiral dough 
hook (Mainca RM-35, Equipos cárnicos S.L., 
Granollers, Barcelona, Spain) with the rest of the 
ingredients and with 25g/100kg of the commercial 
starter culture (CHR Hansen, Germany) dissolved 
in 50 ml of water. The sausage mixture was stuffed 
into 3.3-3.5 mm diameter porcine casings with a 
Mainca EM-12 (Equipos cárnicos S.L., Granollers, 
Barcelona, Spain) stuffed machine in pieces of 100-
120 g.  

The sausages were placed into a chamber and 
submitted to a rapid fermentation at 20ºC, and 90-
95% of relative humidity (RH) for 24 hours; 
thereafter the chamber conditions were changed to 
ripening conditions: 16-18ºC and 80-85% RH, 
during 18 days more.  

 

2.2. Treatments and sampling 

In order to compare the sausage colour of samples 
with normal fungal growth (control) and samples 

without presence of fungal growth, two batches 
were prepared from the same initial paste. On day 
4, when the first moulds started to appear on 
sausages surface, the sausages were divided in 2 
batches with 30 sausages each treated with 
potassium sorbate (dipped into water with 20% 
potassium sorbate for 1 min); and the controls 
(dipped into ultrapure water for 1 min). After 
treatment, all sausages were put again into the 
chamber to continue the ripening process. 

Samples were analyzed on time 0 (meat mixture 
prior to stuffing), day 1 (end fermentation), and 
during the ripening process at days 3, 5, 8, 12, 15 
and 19 days from each batch. Besides the 
reflectance spectrum, physicochemical and visual 
analyses related to microbiological growth were 
undertaken. At each sampling time, three sausages 
from each batch were randomly chosen and two 
replicates were taken from each piece of sausage, 
therefore analyses were made in duplicate. 

 

2.3. Determination of the reflectance ratios 
R650/R570, R560/R500 and R630/R580 

Reflectance spectrum determinations were 
measured by a reflectance spectrophotometer 
Minolta CM-2600 (Minolta Camera Co., Osaka, 
Japan) with illuminant D65, 10° observer, SCI 
mode, 11 mm aperture of the instrument for 
illumination and 8 mm for measurement, and 
spectrally pure glass (CR-A51, Minolta Co., Osaka, 
Japan) was put between the samples and the 
equipment. The colorimeter was calibrated 
according to manufacturer’s instructions before 
each measurement period with its white calibration 
tile in the cap (CM-A145) and with the zero 
calibration box (CM-A32) supplied by the 
manufacturer. Recommendations of the AMSA [10] 
were followed; taking nine replicates of each 
sample, and also in duplicate each sample, with 
pieces of 15 mm thick. Results were obtained from 
the analysis of the spectrum of light reflected by the 
surface of the sample every 10 nm between 400 and 
700 nm. To determine the degree of nitrosation, the 
cured colour intensity and the pigment 
transformation level, the R560/R500 [7], 
R650/R570 [10] and R630/R580 [1] reflectance 
ratios, respectively, were used. 

 
R500
R560 (NI)index n Nitrosatio = , (1) 
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R570
R650 (RSI)index stability colour  Red = , (2) 

 ,
R580
R630 (PTI)index on ansformatiPigment tr =  (3) 

where R denotes the reflectance. 

 

2.4. Statistical analysis 

For the comparison of the parameters studied 
throughout the fermentation and ripening period 
and between treatments, a variance analysis 
(ANOVA) was carried out with an interval of 
reliability of 95% (P<0.05). Tukey's test of all 
comparisons among means was also utilized using 
the computer program SPSS® for Windows™ 
version 18 (SPSS Inc., Chicago, IL). 

 

3. Results and discussion 
The ANOVA test done to both factors time and 
treatment showed significant differences in all the 
studied variables.  

3.1. Nitrosation index: R560/R500 

The NI determines the relative proportion of Fe2+ 
native pigments and the Fe2+ pigments stabilized by 
nitrosation on surface by measuring at 560 nm and 
500 nm. Thus, this ratio Mb/NOMb determines the 
relation between the Mb and the NOMb, 
representing the efficacy of the curing process. 
Therefore, this parameter can be used to control 
nitrosation conditions and maturation limit before 
nitrosopigments are retrograded by air and light 
effects [7]. A high proportion of a red-brown 
colour, and the fading of red pigments occurs when 
the proportion of nitrosopigments are scarce. The 
smaller the ratio, the larger is the proportion of 
nitrosopigments [1, 7]. Small NI values indicate 
high conversion of Mb and OMb to NOMb, and 
therefore the meat product shows a red coloration, 
good colour properties [14]. Formation of nitroso 
derivatives from Mb is a complex and slow process; 
it is the result of a series of microbial, enzymatic 
and chemical mechanisms.  

Nitrosation (NI) was calculated from reflectance 
values (Equation 1). Analyzing the obtained 
reflectances from sausages, the Tukey’s test pointed 
out that during fermentation, no significant 
differences (P>0.05) were found between 
treatments. This was expected, since until day 4 no 

treatments were applied. However, significant 
differences (P<0.05) were found throughout the 
time. This means that the fermentation process was 
very similar for the two batches. When potassium 
sorbate was added, it can be appreciated (Fig. 1) 
that the NI value was highly reduced on day 8, 
showing significant differences (P<0.05) with the 
control samples. Therefore, the superficial 
formation of nitrosopigments was favoured initially 
with the addition of the preservative. However, the 
stability of these superficial nitrosopigments was 
very low, since the NI increased rapidly until day 
15. Consequently, these pigments underwent 
retrogradation, likely due to the absence of the 
fungal microbiota usually developed on the surface 
of these sausages, which make, among other 
functions, to protect from the oxygen activity 
against pigments. By contrast, in the control 
samples the retrogradation was slower, protecting 
more effectively to the nitrosopigments, 
responsible, in some extend, for the cured colour in 
these meat products. Nevertheless, no significant 
differences were found among treatments on the 
last day. 

 

 
Fig. 1. Nitrosation index evolution of both samples 
control  and treated with sorbate potassium throughout 
the time. 

 

3.2. Red colour stability index: R650/R570 

The red colour stability index (RSI) determines the 
pigment discoloration, the intensity of the cured 
colour by means of the estimation of the relative 
proportion of Fe2+ (Mb, OMb and NOMb) and Fe3+ 
(MetMb) pigments (Mb+OMb+NOMb/MetMb) 
present at the surface of the meat sample [1,20]. It 
is very sensitive to the intensity of the cured colour 
development [10]; it is a measure of the bright red 
colour and of its weakening through the formation 
of MetMb [1]. Then, high RSI values indicate low 
levels of brown MetMb; no cured colour≈1.1; 
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moderate fade≈1.6; less intense but noticeable 
cured colour 1.7 to 2.0; and excellent cured colour 
2.2 to 2.6 [10]. Thus, the degree of curing and the 
discoloration of the product could be evaluated. In 
addition, this ratio is highly correlated with the 
visual perception and minimices the effect due to 
the pigments concentration [10,21]. 

Tukey’s test, as well as in the NI values, did not 
show significant differences during the 
fermentation process among samples with different 
treatments, but between day 0 and day 1 significant 
differences (P<0.05) were found. Therefore, the 
fermentation processes were very similar, but with 
the addition of potassium sorbate it can be observed 
in Figure 2 that the RSI value decreased on day 5 
until 1.81. This indicates that the cured colour on 
surface was not yet appropriate, likely to be due to 
the existence of a high concentration of 
nitrosometmyglobin (NOMetMb), an intermediate 
in the formation of NOMb. However, control 
values at the same day were close to 2.2, which 
means an excellent cured colour. After that, the RSI 
increased for samples with potassium sorbate on 
day 8. This indicates that the surface sausage 
developed a better cured colour, with less 
proportion of MetMb; however, underwent a higher 
discoloration at the end of the ripening process (RSI 
value of 1.91), with the consequent formation of 
grey-brown compounds during this stage. Control 
samples showed a significantly (P<0.05) better 
stability of the cured colour on day 19, with a RSI 
value of 2.10. Therefore, Figure 2 shows how the 
addition of potassium sorbate reduced the stability 
of the RSI throughout the time. The decrease of the 
RSI is characteristic of the alteration of Fe2+ 
pigment insufficiently stabilised, and then, the 
residual native Mb is oxidised to MetMb [7]. This 
effect could be related to the protector effect against 
the oxygen activity on surface of the fungal 
microbiota.  

Moreover, considering the evolution of both 
ratios NI and RSI, the nitrosopigments formation in 
the control samples could be achieved in a direct 
way in which Mb reacts with nitric oxide (NO) 
producing NOMb. However, samples treated with 
potassium sorbate may have used an indirect way, 
in which nitrites oxidise Mb into MetMb, reacting 
with NO to produce NOMetMb. The concentration 
of Mb decreased while MetMb+NOMetMb 
increased, with a small increase in NOMb, resulting 
in a decrease of pigment nitrosation index 

(Mb/NOMb) and an increase of RSI (Fe3+/Fe2+). 
After that, the NOMetMb would be reduced to 
NOMb, corresponding to an increase in the 
conversion of total pigment to the cured NO haem 
pigment form, and a decrease in the RSI values. A 
further reduction in the NI would be also expected 
[22,23].  

 

 
Fig. 2. Red stability index evolution of both samples 
control  and treated with sorbate potassium throughout 
the time. 

 

3.3. Pigment transformation index: R630/R580 

This ratio permits to estimate the relative 
proportion of Mb without reacting with nitrite. In 
that case, meat products present haem pigments 
mainly in form of Mb and MetMb. Thus, when the 
PTI value is elevated indicates more redness, and a 
small PTI is related to a brown visual perception. 
Therefore, the R630/R580 reflectance ratio was 
used to estimate the degree of redness, and it is 
more indicated to assess changes in colour [24].  

Tukey’s test did not show significant differences 
during the fermentation process among samples 
with different treatments, but between day 0 and 
day 1 significant differences (P<0.05) were found. 
Therefore, samples underwent a similar 
fermentation process. However, it can be observed 
in Fig. 3 that the addition of potassium sorbate 
made diminished the value of this index on day 5, 
what indicates, as in the other ratios, that a higher 
amount of Mb did not react to form 
nitrosopigments, being in the MetMb form. This 
did not occur in the control samples; and what is 
more, at the end of the ripening process can be 
appreciated in the Figure 3 that samples treated 
with potassium sorbate showed a higher proportion 
of MetMb. Therefore, the presence of the fungal 
microbiota usually developed on these sausages 
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seems to protect against the oxygen activity, same 
as occurred with the other ratios. 

 

 
Fig. 3. Pigment transformation index evolution of both 
samples control and treated with sorbate potassium 
throughout the time. 

 

3. Conclusions 
This study indicates that the application of 
potassium sorbate as preservatives in dry-cured 
meat products causes changes in the reflectance 
ratios. The antifungal activity of potassium sorbate 
derives in a lower stability of nitrosopigments at the 
end of the ripening process on surface. Therefore, 
the desired cured colour is affected negatively by 
the addition of potassium sorbate. Moreover, it has 
been demonstrated that the use of the reflectance 
ratios could be used as a tool to determine the 
different states of myoglobin in dry-cured meat 
products, and thus, to optimize the elaboration and 
conservation processes.  
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