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Abstract

Morcilla de Burgos is a popular cooked blood sausage produced in the region around Burgos in the north of Spain. Physico-
chemical and sensory properties of this traditional product were investigated in order to support the claim for a Protected Geo-

graphical Indication. Products from 14 manufacturers were analysed for pH, water activity (aw), moisture, ether-extractable fat,
starch, protein, total sugar, ash, iron and sodium contents as well as sensory parameters related to visual, olfactory, texture and
flavour attributes. Principal component analysis confirmed the existence of three varieties of Morcilla de Burgos. Morcillas from
group I were characterised by a notable blood smell and blood and pepper flavour, a high pH, and aw and a high protein content.

Morcillas from group II were characterised by strong cumin smell and flavour and a high softness. Morcillas from group III had a
high onion odour, high presence of onion and high contents of fat, total sugar and fibre.
# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Morcilla de Burgos is a popular cooked blood sausage
(black pudding) produced in the region of Burgos, in
the north of Spain. It consists of a mixture of chopped
onion (between 25 and 55%), rice, animal fat (manly
lard and some producers also add tallow), blood, salt
and different spices such as black pepper, paprika and
cumin. According to a general scheme, onion and fro-
zen fat are chopped at low temperature and after that,
rice (sometimes pre-cooked according to local proce-
dures), salt, spices and blood are added and mixed.
Then, the mixture is stuffed in natural casings of around
35–45 mm of diameter, that have been preserved with
salt and are rinsed in clean water prior to use. The pro-
duct is boiled for 1 h at 94–95 �C, air cooled to 8–10 �C
and finally stored chilled at 4 �C. This product is com-
mercialised as a fresh product with a shelf-life of around
8–10 days, however, the use of vacuum packaging and
modified atmosphere packaging has recently increased
in order to extend the shelf-life and widen the present
market.
Consumption of this kind of blood sausages is quite

popular in many European countries, although the
ingredients used differ according to the region. In this
product no meat is added in contrast with other tradi-
tional cooked sausages like Cavourmas in Greece
(Arvanitoyannis, Bloukas, Pappa, & Psomiadou, 2000)
or blood sausages from Germany where sometimes also
offal is added (Stiebing, 1990). Morcella de Assar in
Portugal only includes fatty trimmings, blood and spices
and this product is submitted to a short smoking period
after the cooking process (Roseiro, Santos, Almeida, &
Vieira, 1998). Unlike the product described by Castaño,
Garcı́a Fontán, Fresno, Tornadijo, and Carballo
(2002), named Chorizo de cebolla (onion chorizo) with
great similarity with pumpkin black pudding, morcilla
de Burgos does not undergo a drying process.
Generally speaking, the characteristics of these kinds

of products are not well known and no data is available
about morcilla de Burgos. Nowadays, the European
Union is more involved in the protection of high quality
traditional foods from specific regions or areas as a
trend to promote rural areas and support local population.
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In this way, especial labels, Protected Designation of
Origin (PDO) and Protected Geographical Indication
(PGI), have been created according to the European
Regulation 2081/92 (1992). Producers of morcilla de
Burgos are considering the possibility of applying for a
PGI. In order to gain access to this kind of protection,
physicochemical and sensory characterisation of the
product is essential to initiate the process.
The aim of this study is to go deeply into the main

characteristics of the morcilla produced by different
manufacturers in the region of Burgos, since physico-
chemical and sensory characterisation is the first step to
obtain a PGI for this rather unknown product.
2. Materials and methods

2.1. Samples

Samples were collected from 14 industrial processing
plants. Plants were located in the region of Burgos,
three of them in the north-eastern part of the region,
four in the South and the rest in the centre and west side
of Burgos. A total of 12 items from each factory were
randomly selected 24 h after production to avoid varia-
bility due to storage time. Samples were transported to
the laboratory in refrigerated boxes. Eight items were
used for physicochemical analysis and the remaining
ones for sensory analysis.
Sampling for physicochemical analysis was performed

four times for every producer. The sensory analysis was
repeated twice, and samples were evaluated within 48 h
of production.

2.2. Physicochemical analysis

pH was measured directly in four different items with
a pH meter Micro pH 2000 (Crison, Barcelona, Spain)
equipped with a penetration electrode, immediately
after reception of the samples.
Then, prior to physicochemical analysis, the total of

sample units were ground and homogenised in a
domestic food processor, to minimise the heterogeneity
of the product. Water activity (aw), moisture and ether-
extractable fat were measured within 12 h of the recep-
tion of the samples. Five hundred grams of the homo-
genised sample were vacuum-packed and frozen stored
at �20 �C for further analyses.
Aqualab-CX-2 (Decagon, Washington, USA) was

employed to measure the water activity at 25 �C. Three
measures per sample were obtained. Moisture, ether-
extractable fat, protein, starch, total sugar, ash and fibre
were determined by duplicate according to standard
AOAC procedures (1997). Iron and sodium contents
were measured by flame atomic absorption spectro-
photometry, using a Perkin-Elmer AA spectro-
photometer model 3300 (Norwalk, CT, USA) with air-
acetylene flame according to standard AOAC (1997)
procedures. Optimisation of flame parameters as well as
preparation of solutions for calibration of the instru-
ment were done in accordance with instrument manu-
facturer’s instructions. Data from chemical analyses
were expressed on a dry matter basis.

2.3. Sensory analysis

The samples were cut as 1-cm thick slices and eval-
uated by an eight-member trained panel. Two open-dis-
cussion sessions and 10 training sessions were held to
familiarise the judges with the attributes to evaluate and
the scale to use, respectively. Quantitative descriptive
analysis was carried out by the panel scoring over a five-
point scale, where 1 corresponded to absence and 5 to
maximum intensity of each parameter. The sensory pro-
file consisted of 23 descriptors grouped in three blocks.
The first block was related to visual attributes like com-
pactness, colour, intensity of rice cooking, surface
moisture and presence of spices, which can give different
coloration depending on the amount and type of the
spices used as paprika and cumin. The second block
included olfactory attributes like onion, fat, blood, pep-
per, paprika and cumin smell and odour intensity. The
last block corresponded to the evaluation of texture and
flavour attributes such as crumbliness, softness, presence
of onion, fat sensation, saltiness, overall pungency, and
onion/blood/pepper/paprika and cumin flavour.
Samples were evaluated at room temperature for the

first two blocks while for the texture and flavour eval-
uation samples were cooked in a domestic microwave
(Panasonic, Matsushita Electric, UK) to a core tem-
perature of 70–75 �C. Water and non-salted crackers
were provided to cleanse the palate between samples.

2.4. Statistical analysis

Differences according to the origin of the samples
were analysed through an ANOVA and a posterior
Tukey test with a 0.05 level of significance. Data ana-
lyses were conducted using the statistical package Stat-
graphics Plus for Windows ver. 4.0. Physicochemical
and sensory parameters were subjected to correlation
analysis (multivariate method) to determine possible
statistical relationships between them. Principal compo-
nent analysis (PCA) was also applied in order to reduce
the number of variables by finding linear combinations
of those variables to explain most of the variability.
3. Results and discussion

Table 1 shows the results as mean, standard
deviation, maximum and minimum values and coeffi-
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cient of percentage of variation of the physicochemical
analyses. It can be observed that the pH of all the mor-
cillas analysed is quite high, exceeding in some of them
pH 7. The aw is also high and shows a medium degree of
variability. Both features are of great importance in
morcilla preservation. Since this product is subjected to
high temperatures during the manufacturing process,
vegetative cells are not expected to survive (Allen &
Foster, 1960; Mäkela & Korkeala, 1987; Mäkela, Kor-
keala, & Laine, 1992), but since handling of the cooked
product is a necessary step in the processing procedure,
post-contamination of the product may occur. The pH
of this kind of product, around 6.0, as well as the high
aw and the absence of a fermentation do not help to
restrict the microbial growth (Borch, Kant-Muermans,
& Blixt, 1996; Santos, Jaime, & Rovira, 1998). There-
fore, further research is needed to investigate the safety
and microbiological stability of this product.
A great variability was found in fat, protein, starch and

ash contents (Table 1) especially in total sugar and fibre
contents with coefficients of variation higher than 30%.
The noticeable variability in the physicochemical compo-
sition and the differences found in the production process
(Santos, Gonzalez-Fernandez, Jaime, & Rovira, 2002) led
to the establishment of three groups that coincide with
three geographical zones in the region of Burgos.

Group I: morcillas from Northeastern part of the
region.
Group II: morcillas from the Southern part of the
region.
Group III: morcillas from the Centre and Western
part of the region.

Composition results, according to the groups estab-
lished, are shown in Table 2. Although pH had a low
variability when all samples were jointly analysed
(Table 1), it was significantly different according to the
group. While products from groups II and III had a
similar pH to other cooked products such as Cavourmas
(Arvanitoyannis et al., 2000), pH of morcillas from
group I around 7.00, was significantly higher. Group I
also had the highest value for protein content. It may be
due to the fact that blood is the only source of protein in
this case, amounting to almost 30% of the ingredients
of morcillas from group I and only for 10-20% of the
initial ingredients of morcillas from groups II and III. In
general, protein content in morcilla de Burgos is lower
than in Cavourmas (Arvanitoyannis et al., 2000) and
Morcella de Assar (Roseiro et al., 1998).
Groups I and II had the highest values for moisture

and starch content, being significantly different from
those found for group III. The higher values found for
aw and moisture contents in the groups I and II can be
explained by the use of pre-cooked rice with a high
water content in these zones before being mixed in with
the rest of ingredients. Besides, products from these
zones also included more rice resulting in higher starch
contents. Fat content showed a high overall variability
(Table 1), but when the morcillas were divided, group
III differed significantly, having the highest values. This
high variability can be explained because no legislation
about composition limits exists. Nevertheless, since fat
and starch are the two main ingredients of morcilla, a
significant negative correlation between starch and fat
contents (r:�0.73, P<0.05) was found.
Significantly higher ash contents were present in mor-

cillas from group II, and morcillas from group III had
the highest total sugar and fibre contents. Group III
showed the lowest pH levels and the highest sugar and
fibre contents probably because a higher percentage of
onion is used in the formulation of the product in that
particular area (Santos et al., 2002).
Table 1

Mean, standard deviation (S.D.), maximum, minimum and the coeffi-

cient of variation (CV) of physicochemical parameters and composi-

tion of Morcilla de Burgos
Mean
 S.D.
 Max.
 Min.
 CV
pH
 6.39
 0.35
 7.32
 5.75
 5.43
aw
 0.984
 0.004
 0.992
 0.974
 0.395
Moisturea (g/100 g)
 62.21
 4.05
 70.44
 51.08
 6.51
Starcha (g/100 g)
 46.51
 5.89
 58.12
 34.68
 12.67
Fata (g/100 g)
 28.65
 4.92
 41.80
 19.35
 17.18
Proteina (g/100 g)
 13.09
 2.30
 19.94
 9.10
 17.57
Total sugara (g/100 g)
 4.61
 1.60
 9.95
 2.05
 34.63
Asha (g/100 g)
 4.26
 0.49
 5.38
 2.97
 11.41
Fibrea (g/100 g)
 1.71
 0.68
 3.21
 0.50
 39.73
Naa (g/100 g)
 1.33
 0.19
 1.78
 0.92
 14.53
Fea (ppm)
 183.57
 57.83
 355.95
 75.68
 31.51
a Expressed on a dry matter basis
Table 2

Composition and physicochemical characterisation according to the

groups established on the basis of geographical source for ‘‘morcilla’’

from Burgos
Group
I
 II
 III
pH
 6.91c
 6.35b
 6.19a
aw
 0.988c
 0.985b
 0.982a
Moisturea (g/100 g)
 65.06b
 64.52b
 59.66a
Starcha (g/100 g)
 48.54b
 48.58b
 44.46a
Fata (g/100 g)
 28.13a
 26.06a
 30.36b
Proteina (g/100 g)
 15.34b
 12.52a
 12.45a
Total sugara (g/100 g)
 3.14a
 4.41b
 5.35c
Asha (g/100 g)
 4.22ab
 4.47b
 4.16a
Fibrea (g/100 g)
 0.90a
 1.64b
 2.10c
Naa (g/100 g)
 1.36b
 1.40b
 1.27a
Fea (ppm)
 234.85b
 165.38a
 171.99a
a Expressed on dry matter basis. Means in the same row with dif-

ferent letters (a–c) are significantly different (P<0.05).
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As might be expected a close correlation was observed
between sodium and ash contents (r: 0.891, P<0.001)
and iron and protein contents (r: 0.911, P<0.001).
Furthermore, Morcilla de Burgos, like other blood sau-
sages, can be considered a good source of easy to
assimilate iron because of the high content of haem iron
in blood. This is absorbed directly by the mucosal epi-
thelium of the small bowel and absorption is not affec-
ted by the ascorbic acid and phytates presence
(Fairbanks, 1998).
Regarding sensory parameters (Table 3), significant

differences were found due to the origin of the samples.
Product from the Northeast (group I) had a darker col-
our (greyish brown) and a stronger blood smell and
blood and pepper flavour than the rest since black pep-
per is the only spice used in the elaboration process.
Morcillas from the South of Burgos were significantly
softer, showing a distinctive cumin smell and flavour. A
stronger onion scent, a higher presence of onion as well
as a lower degree of softness were the main character-
istics of morcillas from group III.
The variables related to olfactory attributes (onion,

blood, paprika and cumin smell) were highly correlated
with those corresponding to flavour attributes (r: 0.662,
r: 0.735, r: 0.748 and r: 0.909, P<0.001, respectively).
However, black pepper scent was hardly correlated with
pepper flavour (r: 0.255, P<0.001). This can be due to
the fact that black pepper is less aromatic than the other
spices and it was masked during olfactory and tasting
phases in groups II and III, where more spices are used.
Softness presented a highly significant negative corre-
lation with crumbliness (r:�0.7836, P<0.001) while
cooking grade presented a significant positive corre-
lation with surface moisture (r: 0.598, P<0.001).
From the total of variables studied, 15 were finally

selected for principal component analysis (PCA). Initi-
ally, variables that provided the same kind of informa-
tion (highly correlated) were excluded, namely starch,
iron and sodium contents, intensity of rice cooking,
onion/blood/paprika/cumin smell and crumbliness. Fat
sensation was removed from the analysis because no
significant difference was found for this variable
between the groups. In the stepwise PCA, those vari-
ables that showed low loadings on the two first compo-
nents (fat and protein contents, compactness, surface
humidity, fat and black pepper smell, odour intensity,
hot taste and paprika flavour) were also discarded
(Papadima, Arvanitoyannis, Bloukas, & Fournitzis,
1999; Pompei & Spagnolello, 1997).
The PCA extracted three components with eigenva-

lues greater than or equal to 1 (Table 4). These compo-
nents accounted for 63.41% of the variability in the
original data. The first and second principal compo-
nents explained 34.87 and 18.01% of the overall varia-
tion, respectively. The first component basically
discriminated samples by pH, variables related to water
Table 3

Sensory attributes of the morcilla from Burgos according to the groups

established
Group
I
 II
 III
Visual attributes
Compactness
 3.78b
 3.36a
 3.29a
Colour
 3.69c
 2.43a
 3.12b
Intensity of rice cooking
 3.56b
 3.08a
 2.99a
Surface moisture
 3.78c
 3.51b
 3.21a
Presence of spices
 1.30a
 1.88b
 2.29c
Olfactory attributes
Onion smell
 1.95a
 1.89a
 3.12b
Fat smell
 1.39b
 1.22a
 1.36ab
Blood smell
 2.38b
 1.11a
 1.18a
Black pepper smell
 1.23b
 1.02a
 1.03a
Paprika smell
 1.00a
 1.00a
 1.54b
Cumin smell
 1.00a
 3.00b
 1.00a
Odour intensity
 2.77a
 3.07b
 3.13b
Texture and flavour attributes
Crumbliness
 2.16a
 1.92a
 2.92b
Presence of onion
 2.20a
 2.52b
 3.21c
Softness
 3.47b
 4.25c
 2.82a
Overall pungency
 3.14b
 2.09a
 2.93b
Fat sensation
 2.85a
 2.90a
 2.90a
Saltiness
 3.06b
 2.61a
 2.95b
Onion flavour
 1.98a
 1.85a
 3.21b
Blood flavour
 2.24b
 1.18a
 1.17a
Pepper flavour
 2.39b
 1.01a
 1.19a
Paprika flavour
 1.00a
 1.02a
 1.71b
Cumin flavour
 1.00a
 2.99b
 1.00a
Means in the same row with different letters (a–c) are significantly

different (P<0.05).
Table 4

Loadings of the three first components, eigenvalues and explained

variance
PC1
 PC2
 PC3
pH
 0.375a
aw
 0.330
Moisture
 0.285
 0.251
Ash
 0.317
 0.583
Total sugar
 �0.306
 0.257
Fibre
 �0.318
Colour
 �0.364
 0.287
Presence of spices
 �0.283
 �0.264
Presence of onion
 �0.322
Softness
 0.421
 0.289
Onion flavour
 �0.305
Blood flavour
 0.289
Black pepper flavour
 0.295
 �0.275
Cumin flavour
 0.474
Saltiness
 �0.285
 0.394
Eigenvalue
 5.230
 2.700
 1.579
Percent of variance
 34.87
 18.01
 10.53
Cumulative percentage
 34.87
 52.88
 63.41
a Loadings lower than 0.250 were not considered.
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content (aw and moisture) and variables related to the
presence of spices and onion (sugar and fibre content and
onion presence and flavour). Colour, softness and cumin
flavour were the variables that showed the highest weight
on the second component. The third component was
mainly determined by ash content and saltiness.
The variables selected and the distribution of the

samples in the function of the first two components are
shown in Figs. 1 and 2 as obtained by PCA. Fig. 1
showed that some physicochemical parameters like
sugar and fibre content are related to the presence of
onion and onion flavour and spices in the product, giv-
ing morcillas from group III the highest values for these
parameters (Fig. 2). It confirms that onion contributes
to a higher content of sugar and fibre on the composi-
tion of the product. The pH and aw were highly related
to blood and black pepper flavour, nonetheless this was
expected considering that morcillas from group I had
the highest values for these variables. It seems to be that
first component differentiates group I from group III
with regard to pH, aw, moisture, onion flavour and
presence of onion and spices mainly.
Finally, the second principal component led to the

differentiation of group II from groups I and III espe-
cially due to the high cumin flavour, softness and ash
content and the light colour of ‘‘morcillas’’ from group
II (Figs. 1 and 2).
Overall, PCA discriminates between the several types

of morcilla that are especially defined by sensory attri-
butes but also by physicochemical parameters like total
sugar and fibre contents, ash content and moisture and
pH. However, the separation between groups is not
enough to speak of three clearly different products
rather of varieties of a unique product.
Fig. 1. Plot of loadings of physicochemical and sensory parameters on the first two factors (PC1 vs. PC2) obtained from principal component

analysis.
Fig. 2. Plot of sample scores on the first two factors (PC1 vs. PC2) obtained from principal component analysis according to the groups established.
E.M. Santos et al. /Meat Science 65 (2003) 893–898 897



4. Conclusions

Morcilla de Burgos, similarly to other traditional
European products which include blood in their com-
position, has a notable protein content and is a source
of easily assimilable iron. However, this product is made
with a high content of onion and rice, which differ-
entiate it from other blood sausages. Two other features
that define this product are the high contents of fat and
starch, and also some characteristics, which make their
preservation difficult like a high pH and aw. Concerning
sensory attributes, it is the marked smell and flavour of
onion, blood and several spices that characterisse this
product, and simultaneously establishing differences
between morcilla from different producers. Most of the
physicochemical and sensorial characteristics have a
high variability leading to designation of three varieties
of morcilla related to geographical origin.
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