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Sensory profile and technological characterization of boneless 
dry-cured ham with lactulose added as a prebiotic

Hewerton Barbosa Gomes1, Lorena Mendes Rodrigues1, Armando Abel Massingue1,2,  
Ítalo Abreu Lima1,3, Alcinéia de Lemos Souza Ramos1, and Eduardo Mendes Ramos1,*

Objective: This study investigates the technological and sensory profile of boneless dry-cured 
ham with different contents of lactulose added as a prebiotic ingredient. 
Methods: In addition to the control samples (without the addition of lactulose), three treat
ments were formulated to contain 2%, 4%, or 6% lactulose. Technological (lactulose content, 
instrumental color and texture profile analysis) and sensory (acceptance and check-all-that-
applies tests) analyses were performed on the final product.
Results: The lactulose content in the finished product (1.86%±0.23%, 3.16%±0.18%, and 
2.51%±1.35%) was lower than the lactulose originally added (2%, 4%, and 6%, respectively). 
The addition of 4% and 6% lactulose made (p<0.05) the products darker (lower L*) and redder 
(lower h) with higher hardness and chewiness values, when compared to control samples. 
The additions of 2% and 4% lactulose reduce the appearance acceptability of the products, 
but overall the treatments were well accepted. 
Conclusion: The use of up to 4% lactulose as a prebiotic in the production of boneless dry-
cured hams provides an alternative to improving its nutritional value with little alteration 
in the technological characteristics and still meeting the sensory characteristics desired by 
consumers.

Keywords: Check-all-that-apply Analysis; Pork Product; Sensorial Analysis; Texture Profile 
Analysis; Instrumental Color

INTRODUCTION 

Currently, in the food sector there has been a great demand for healthier and more func-
tional products, mainly due to the greater concern of consumers with the nutritional quality 
of what they are ingesting. One product in this category is prebiotics, which are non-digestible 
food ingredients that, when passing through the upper gastrointestinal tract, are selectively 
fermented to stimulate bacteria in the gut [1].
  The production of functional foods containing prebiotic ingredients is an area that has 
been featured in the food industry throughout the years and is a very promising market 
not only for economic reasons, but also because of scientific evidence of its benefits [2]. 
However, functional meat products still constitute a very little used field in the sector, mainly 
because they are in their initial phase of development, as they are relatively new in the market. 
Functional meat products are more complex than non-meat products because of the need 
for adjustments between the technological, safety and quality aspects and the health ben-
efits of such foods [3]. Moreover, the use of these ingredients in meat products still needs 
to be studied further to make a greater variety of products available in this segment. 
  Recently, some researchers suggested the use of lactulose as a functional ingredient in 
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meat products, such as cooked hams [4], dry-cured hams [5] 
and fermented sausages [6]. Lactulose is a disaccharide con-
sisting of glucose and fructose (4-O-β-D-galactopyranosyl-
D-fructose), which is neither metabolized nor absorbed in 
the small intestine, and thus, it is available for bacteria in the 
large intestine, where it is metabolized preferentially by bifi-
dobacteria and lactobacilli [7]. In addition, lactulose reduces 
cholesterol, attenuates the blood glucose level and improves 
the metabolic absorption of certain minerals, such as calcium, 
magnesium, and iron [8]. 
  Among the products with the potential to be combined 
with lactulose, boneless dry-cured hams seem to be a good 
alternative since in Brazil they are considered noble, for a 
consumer with higher purchasing power, and pleases the 
international market. Traditionally, dry-cured hams have 
been marketed as a whole piece, but the product demands 
a very long manufacturing time due to the need for an extend-
ed period of drying, which can last from 9 to 24 months [9]. 
To overcome this problem, the ripening process has been 
accelerated by using deboned meats offering advantages during 
the production, storage and transport because it decreases the 
piece weight and volume in a quantity equivalent to the size 
of the bone [10], being more suitable for cutting and slicing 
operations. However, the use of deboned meats to make 
restructured uncooked products requires the application of 
a cold-set binding agent, such as the enzyme transglutaminase 
[5,11-14]. The transglutaminase catalyses acyl transfers in 
reactions between γ-carboxyamide groups of glutamine 
residues and ε-amino groups of lysine residues of proteins, 
promoting protein aggregation and improved texture in mus-
cle foods [15]. 
  The preparation of boneless dry-cured hams also facilitates 
the incorporation of functional ingredients. Lima et al [5] have 
been able to produce a boneless dry-cured ham with 1.44% 
lactulose, without significant differences in the physicochemi-
cal or technological characteristics when compared to the 
control (without lactulose). Although the lactulose content 
(0.58 g/portion) is well below those recommended by the 
Brazilian legislation [16] to be considered a "source of dietary 
fibre" (2.5 g/serving) or "high dietary fibre content" (5.0 g/por-
tion), the feasibility of using this prebiotic in the manufacturing 
of boneless dry-cured hams was proven. 
  In addition to contributing to human health, products with 
functional claims need to have commercial value, and there-
fore, the main requirements remain the same as for any other 
meat product; the sensory and technological aspects of the 
final product must be satisfactory [6]. Therefore, the aim of 
this study was to establish the sensory profile and technologi-
cal characterization of boneless dry-cured hams, based on the 
process of Lima et al [5], with higher contents of lactulose 
added as a prebiotic source.

MATERIALS AND METHODS 

Materials 
Frozen pork hams with the Federal Inspection seal were ob-
tained at the local market, brought to the Laboratory of Meat 
Science and Technology (Lab Carnes) at the Federal University 
of Lavras (UFLA), thawed (4°C/24 h) and manually deboned 
immediately before processing. Lactulose syrup (667 mg/mL 
of lactulose; Farmasa, São Paulo, SP, Brazil) was used as the 
prebiotic, and D-(+)-gluconic acid δ-lactone (glucono delta-
lactone, GDL; Sigma-Aldrich, San Luis, MO, USA) was used 
as an acidulant. The tranglutaminase Activa GS was donated 
by Ajinomoto do Brazil (Ajinomoto Co. Inc., Chuo, Tokyo, 
Japan), and the other additives were donated by New Max 
(New Max Industrial Ltd.; Americana, SP, Brazil).

Ham formulation and processing 
The following four formulations (treatments) were prepared: 
without lactulose (CONT) and manufactured with the addi-
tion of 3%, 6%, and 9% lactulose syrup in order to contain 
2%, 4%, and 6% lactulose (LAC2, LAC4, and LAC6) respec-
tively. 
  Boneless dry-cured hams were manufactured according to 
Lima et al [5], as illustrated in Figure 1. As the salting mix-
ture, 3% sodium chloride, 150 ppm sodium nitrite, 300 ppm 
sodium nitrate, 0.25% glucose, 0.25% sucrose, and 0.3% GDL 
were used. The GDL was used to accelerate the ripening pro-
cess [13]. The salting mixture (3.845% salts and 3%, 6%, or 
9% lactulose syrup in the LACT treatments) was distributed 
manually over the pork and maintained at 4°C for 24 hours 
for the initial dry-curing process. After that, the salted/cured 
pork was mixed (model MJ35; Jamar Industries Ltd., Sao 
Paulo, SP, Brazil) with a 0.5% solution of tranglutaminase 
Activa GS 25% for 15 min, formed into 1 kg metallic forms 
and maintained at 4°C for another 48 hours for finishing the 
dry-curing process and equalization. The product was re-
moved from the metallic forms and submitted to the pre-
drying and drying processes in a climate chamber (model 
EL202; Electrolab, SP, Brazil) with controlled temperature. 
The air relative humidity (RH) in the chamber was not con-
trolled but accompanied with a thermohygrometer (model 
Data Logger HT500; Instrutherm, RJ, Brazil). In the pre-dry-
ing (post-salting) process, the products were maintained for 
4 days at 4.1°C±0.6°C (41.6%±6.9% RH). Then, the products 
were covered with a lard paste (with 2% sodium chloride) to 
avoid excessive drying and maintained at 16.4°C±0.5°C (52.2% 
±10.9% RH) for drying and to finalize the ripening process. 
During the entire process, the products were weighed peri-
odically, and upon reaching 40% weight loss, the pieces were 
washed with distilled water (±40°C) and 1.5% lactic acid 
solution, dried with paper towels, packed in a vacuum and 
finally maintained at 16°C for 24 hours for final equalization. 
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The mass loss during processing was calculated and expressed 
as a percentage.

Technological analyses
The water activity (aw) of the dry-cured hams was measured 
at 25°C using an AQUALAB Lite dielectric hygrometer (Deca-
gon Devices Inc., Pullman, MA, USA).
  The lactulose concentration in the finished products was 
determined by the spectrophotometric method proposed by 
Zhang et al [17] and adapted by Lima et al [5] for meat prod-
ucts. Briefly, 5 g meat was homogenized (Turratec TE 102; 
TECNAL, Piracicaba, SP, Brazil) in 50 mL of distilled water, 
filtered on quantitative Whatman No. 1 filter paper and di-
luted to 100 mL. After 1:50 dilution, a 1.0 mL aliquot was 
mixed with 2.8 mL of sulfuric acid (75%) and kept in a water-
bath at 46°C for 5 min. Then, 0.2 mL of cysteine-tryptophan 
hydrochloride solution (25 mg/mL cysteine and 0.8 mg/mL 

tryptophan in 0.01 M HCl) was added, mixed in a vortex 
mixer and maintained at 46°C for an additional 70 min. The 
tubes were cooled in running water for 5 min, and the ab-
sorbance was read at 518 nm in a digital spectrophotometer 
(Kasuaki IL-227; São Paulo, SP, Brazil). The lactulose concen-
tration was determined from an analytical curve elaborated 
with standard lactulose solution (5 to 25 μg/mL; Sigma-Al-
drich, USA) and expressed as a percentage.
  Meat color was assessed using a Minolta CM-700 (Konica 
Minolta, Japan) colorimeter as described by Lima et al [5], 
using the CIELAB system in the specular component exclud-
ed mode with a D65 standard illuminant, an observer angle 
of 10° and an 8 mm aperture. Six measurements representing 
the entire internal cross-sectional surface were taken from 
each sample. The lightness (L*), redness (a*), and yellowness 
(b*) were recorded. The angular coordinates of chroma (C*) 
and hue angle (h, degrees) were calculated using the following 

Figure 1. Flowchart of the process for producing boneless dry-cured ham.
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formulas [18]: C* = (a*2+b*2)1/2 and h = arctan (b*/a*). 
  The texture profile analysis was carried out using a uni-
versal Texture Analyser TA.XT2i (Stable Micro Systems Ltd., 
Godalming, UK), as described by Ramos and Gomide [18]. 
Six cubes (with 10 mm edge cores) were obtained from each 
sample and compressed twice to 50% of their original height 
at room temperature with a compression flat cylindrical alu-
minium probe (36 mm diameter). A crosshead speed of 180 
mm/min was applied. There was no rest time between the 
two cycles of compression. Force time curves were recorded 
during compression, and the following five texture attributes 
were calculated: i) hardness (N), peak force required for the 
first compression; ii) springiness (mm), distance sample re-
covers after first compression; iii) adhesiveness (N mm), the 
negative force area for the first bite representing the work 
necessary to pull the compressing plunger away from the 
sample; iv) cohesiveness, ratio of positive force area during 
the second compression to that in the first compression; and 
v) chewiness (N mm), the product of the hardness, cohesive-
ness and springiness.

Sensory evaluation 
Sensory evaluation was carried out after approval of the Re-
search Ethics Committee of UFLA and under protoregistration 
(protocol CAAE 30774814.3.0000.5148) at the National Re-
search Ethics System (SISNEP, São Paulo, SP, Brazil). 
  To describe the sensory characterization of each formu-
lated product, the check-all-that-apply (CATA) questions 
were evaluated according to Ares et al [19], with adaptations 
for meat products described by Jorge et al [20]. The test was 
performed in two stages. First, the CATA questions were 
defined by 10 randomly recruited untrained participants, 
consisting of undergraduate and graduate students from 
UFLA. Slices with a thickness of 3 mm (~20 grams) of each 
product were presented in a single test session (network tech-
nique), in which the judges used open questions to establish 
the appropriate terms to describe the color, appearance, flavor, 
odor, and texture of the products. The most mentioned terms 
for each attribute (Table 1) were chosen to compose the CATA 
questions. 
  In the second stage, 60 untrained participants (68% women 
and 32% men), consisting of professors as well as undergradu-

ate and graduate students, were randomly recruited from the 
UFLA. This group were predominantly young individuals 
(91% between 18 and 30 years old and only 9% between 31 
and 45 years old). The sensory analysis was performed dur-
ing a single testing session conducted in individual cabins 
with white light. The 3-mm thick sliced samples were labelled 
with a 3-digit code and were presented to each panelists ran-
domly and balanced in a monadic sequence. Mineral water 
was offered for cleaning the palate between the samples. The 
panelists received the sensory evaluation form (acceptance 
test) and evaluated the samples using a 9-point hedonic scale 
(“1, disliked it very much” to “9, liked it very much”) for each 
attribute (appearance, flavor, odor, texture, and overall im-
pression). In the same form, the panelists were asked to check 
all the CATA terms (Table 1) that they considered to appro-
priately describe each attribute.

Statistical analyses
To characterize the products, the technological analysis data 
were tested using the F-test (analysis of variance [ANOVA]), 
in a completely randomized design with four treatments 
(samples) and three replicates; when significant (p<0.05), the 
means were separated using the Tukey test. 
  For the acceptance test, a statistical analysis was performed 
by assuming a randomized block design, in which each as-
sessor represented a block. The data were tested by the F-test 
(ANOVA), and when the result was significant (p<0.05), the 
means were separated using the Tukey test. In addition, each 
attribute was analysed individually with an internal preference 
map (IPM), and the attributes of appearance, flavor, odor, and 
texture were simultaneously analysed by a three-way internal 
preference map (IPM tri-plot), which is also known as paral-
lel factor analysis (PARAFAC) according to Nunes et al [21].
  To identify the relationships between the CATA terms se-
lected for each sample, an external preference map (EPM) 
was used [20]. The EPM analysis was based on the regression 
of external descriptors against the overall impression of each 
consumer’s data. To generate the EPM map, a significance 
of 30% was considered, as proposed by Elmore et al [22]. 
  Statistical analyses were performed using the SAS statisti-
cal package, version 9.2 (SAS Institute Inc., Cary, NC, USA). 
The IPM and EPM analyses were performed using the Sen-
soMaker statistical software package version 1.91 (Lavras, 
Brazil).

RESULTS AND DISCUSSION 

After a pre-drying process (4 days of processing at 4°C), the 
average mass loss was 15.07%±1.44%, but at the end of 36 days 
of ripening (16°C), an average total loss of 40.02%±2.23% was 
achieved. The average value of the water activity (aw) of finished 
products was 0.91±0.01, slightly above that (0.90) reported by 

Table 1. Terms surveyed for check-all-that-apply (CATA) questions of boneless 
dry-cured hams elaborated with and without lactulose according to each sensory 
attribute

Appearance Odor Flavor Texture

Bright Rancid odor Rancid taste Firm
Matte Fermented Acid taste Soft
Yellowish color - Bitter aftertaste Rubbery
Pink color - Pleasant -
Reddish color - - -
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Lima et al [5] in boneless dry-cured hams made with 2% lact-
ulose. The aw observed in this experiment was slightly below 
the maximum (0.92) required by Brazilian legislation for dry-
cured hams [23] and exactly the 0.91 reported by Fernández-
Salguero [24] to be considered a stable product without the 
need refrigerated storage. 

Technological characteristics
The effects of lactulose addition on the technological charac-
teristics of boneless dry-cured hams are described in Table 2. 
  The control treatment presented residual values of this di-
saccharide, probably due to interference from the aldoses 
present [17], such as the added glucose, or even an intrinsic 
analytical variation of the method itself, especially in the ex-
traction step [6]. Other authors have also observed residual 
values of lactulose in dry-cured ham (0.17%) [5] and ferment-
ed sausage (0.37%) [6] samples that were not from the addition 
of this prebiotic. 
  As expected, the lactulose content was higher in samples 
with greater quantities of this prebiotic added, although there 
was no difference (p>0.05) between dry-cured hams added 
with 4% and 6% lactulose. This may be justified by the obser-
vation of a large amount of liquid lost during the formation 
step in the preparation of treatments containing 6% lactulose. 
In this treatment, a large amount of syrup (90 mL/kg) was 
necessary to achieve the amount of lactulose required, and it 
was most likely expelled with the pressure exerted on the prod-
uct during forming into metallic forms. 
  Another observation is that the average values of lactulose 
content in the finished products were lower than the amount 
of lactulose originally added. Moreover, considering that dur-
ing the drying process the products lost approximately 40% 
of their mass, mainly by the evaporation of water, an increase 
in the solute concentration was expected and consequently 
an increase in the lactulose content. This difference was also 

observed by Lima et al [5] in dry-cured hams (1.44%) and 
by Coelho et al [6] in fermented sausage (1.27%) with 2% 
lactulose added. These authors suggested that these differences 
indicate a possible use of lactulose as a source of carbon by 
lactic acid bacteria, since lactulose has been reported as one 
of the most effective substrates for the growth of all eight strains 
of Lactobacillus [25,26].
  Even in the treatments containing higher amounts of lact-
ulose (4% added), the amount of lactulose delivered per 
serving (1.26 g/40 g) was still below the minimum required 
(2.5 g/40 g) by the Brazilian legislation [16,27] for the prod-
uct to be considered a “source of dietary fibre”. However, 
Oliveira et al [4] emphasized that the application of lactu-
lose as a prebiotic in food is restricted to low doses since in 
high amounts, it acts as a laxative (transitory laxative thresh-
old was 0.26 g/kg body weight). In addition, studies suggest 
that the consumption of lactulose to exert prebiotic action 
in adults is effective at much lower concentrations (4 to 10 
g/d) than the transitory laxative threshold [28]. According 
to Terada et al [29], 3 g of lactulose for two weeks was able 
to significantly increase the number of bifidobacteria in the 
faecal flora. This amount could almost be achieved with two 
servings of dry-cured ham formulated with 4% lactulose. 
Moreover, as pointed out by Coelho et al [6], considering the 
low daily consumption of these products, there is no expec-
tation of these being used as a single source of fibre in the 
diet but rather that they may contribute to the daily con-
sumption of this type of ingredient. 
  With regards to the chroma (C*) values, the addition of 
2% lactulose did not change (p>0.05) the lightness (L*) and 
hue (h) color of samples, which was also observed by Lima 
et al [5] for the same product. However, in this experiment, 
the dry-cured hams added with 2% lactulose were darker 
(lower L*) and reddish (lower h), although with more in-
tense color (higher C*), than the products (L* = 45.30, C* = 

Table 2. Mean values (±standard deviation) of the technological characteristics of boneless dry-cured hams elaborated with (LACT) and without (CONT) lactulose

Characteristic CONT
LACT

Mean
2% 4% 6%

Lactulose (%) 0.11 ± 0.05a 1.86 ± 0.23b 3.16 ± 0.18c 2.51 ± 1.35c 1.91 ± 1.31
CIE color

Lightness (L*) 38.64 ± 3.36a 38.44 ± 4.57a 32.52 ± 2.11b 32.72 ± 2.56b 35.58 ± 3.42
Chroma (C*) 13.43 ± 1.74a 10.44 ± 1.61b 10.71 ± 1.12b 11.26 ± 1.16b 11.68 ± 1.20
Hue (h, graus) 28.69 ± 3.64a 28.36 ± 7.19a 23.95 ± 4.53b 24.12 ± 4.67b 27.31 ± 4.09

Texture profile
Hardness (N) 3.51 ± 0.15a 3.87 ± 0.60ab 4.09 ± 0.87b 4.05 ± 0.74b 3.88 ± 0.27
Cohesiveness 0.78 ± 0.21 0.82 ± 0.11 0.82 ± 0.11 0.79 ± 0.12 0.80 ± 0.22
Adhesiveness (N × mm) 0.21 ± 0.08 0.30 ± 0.15 0.25 ± 0.12 0.33 ± 0.20 0.27 ± 0.28
Springiness (mm) 5.57 ± 0.60 5.28 ± 0.20 5.98 ± 0.33 5.24 ± 0.47 5.52 ± 0.43
Chewiness (N × mm) 15.25 ± 1.63a 16.67 ± 2.11ab 20.06 ± 4.51b 19.87 ± 3.78b 17.97 ± 2.39

CONT, samples without lactulose; LACT, samples with 2%, 4%, and 6% of lactulose added, respectively.
a-c Means with different letters in a row differ (p < 0.05).
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7.00, and h = 45.17) made by those authors. Overall, the ad-
dition of amounts of lactulose greater than 2% increased these 
differences, reducing the L* and h values of the products.
  For the texture profile attributes, the same behaviour was 
observed, with samples with 4% or 6% of lactulose added 
having higher (p<0.05) hardness and chewiness values than 
the control ones. Otherwise, the cohesiveness, adhesiveness 
and springiness did not change (p>0.05) with treatments. 
These changes were also observed by Oliveira et al [4] when 
evaluating hams with higher additions of lactulose (3%, 6%, 
and 10%). According to these authors, higher hardness and 
chewiness with the addition of lactulose could be due to the 
saccharides (glucose and galactose) and disaccharides (lactose) 
present in the syrup, which could retain water molecules 
forming colloidal solutions, which changes the texture of a 
system. 

Sensory profile
For sensory profile of the dry-cured hams, the addition of 
lactulose as a prebiotic only affected (p<0.05) the appearance 
of the products (Table 3). The addition of 2% of lactulose 
reduced the appearance acceptance of the products compared 
to the control sample (without lactulose), but the appearance 
scores of the products containing lactulose increase with 
increasing amounts of prebiotic added. In fact, samples with 
higher additions (6%) of lactulose did not differ (p>0.05) 
from the control samples, these being more preferred by the 
panelists. 
  In general, all sensory acceptance attributes were well-
accepted by the panelists, which reported the perceptions 
between “I liked it moderately” and “I liked it very much”. 
With the exception for the appearance, these results agree 
with Coelho et al [6], who reported no differences in the ac-
ceptance scores of dry-cured sausages elaborated without 
and with 2% lactulose.
  The acceptance of the products was also evaluated by an 
IPM of each product attribute (appearance, flavor, odor, tex-
ture, and overall impression). For all attributes, the first two 
principal components (PCs) of the IPM explained more than 
70% of the variance in the data (Figure 2). In the IPM graphs, 

the vectors represent the consumers’ liking scores for the 
products in a two-dimensional space; high density of vectors 
(panelists scores) in the direction of a sample indicate a greater 
preference. Accordingly, it is possible to observe in the IPM 
graphs the dispersion of the scores for the attributes flavor, 
odor, texture, and overall impression, which indicates an 
absence of preference by the consumers. For the appearance 
of the products, it is clearly perceived that samples containing 
2% lactulose (LACT-2) were the least preferred and samples 
without lactulose (CONT) were the most preferred.
  The consumer acceptance data were also organized into a 
three‐way IPM array, named PARAFAC, where the correla-
tions between the samples, consumers (vectors) and sensory 
attributes are shown simultaneously on a single graph (Fig-
ure 2). The core consistency diagnostic (CORCONDIA) of 
the PARAFAC model explained 70.34% of the correlation 
between the two PCs. By the PARAFAC graph, all evaluated 
attributes were positively highlighted (more preferred) in 
the control sample (CONT) than in samples with lactulose 
added. However, according to Jorge et al [20], the graphical 
representation of PARAFAC provides less information for 
each attribute than the individual analysis of the IPM, espe-
cially the IPM for the overall impression, since each consumer 
weighted the sensory attributes differently when determin-
ing his or her overall impression.
  A better understanding of how these sensory attributes 
were affected by the treatments can be obtained through the 
EPM of the CATA analysis, associating the consumer prefer-
ence with the product characteristics (descriptive attributes). 
The EPM was generated from the number of times that the 
consumers associated each of the 14 sensory terms of the 
CATA questions (Table 1) with the samples and overall im-
pression scores from acceptance test. The PC plots show the 
relative positions of the samples and factor loadings indicate 
the attributes that best describe the dimensions of the percep-
tive space. Only the slopes for 6 panelists (of the 60 untrained 
participants) that provided valid models (p≤0.30; [22]) were 
plotted on the map (Figure 3). Despite the low number of valid 
responses (consumers), the two main components (PC1 and 
PC2) of the EPM explained 85.66% of the variance in the data 

Table 3. Scores1) (mean±standard deviation) from consumer sensory panel assessments for boneless dry-cured hams elaborated with (LACT) and without (CONT) lactulose 

Attributes CONT
LACT

Mean
2% 4% 6%

Appearance 7.22 ± 1.28a 6.67 ± 1.34c 6.83 ± 1.40bc 7.10 ± 1.17ab 6.95 ± 1.30
Flavor 6.33 ± 1.80 6.37 ± 1.95 6.12 ± 1.78 6.03 ± 1.96 6.21 ± 1.87
Odor 5.88 ± 1.95 6.15 ± 1.96 5.83 ± 1.81 5.87 ± 1.84 5.93 ± 1.89
Texture 6.23 ± 1.75 6.82 ± 1.60 6.53 ± 1.59 6.28 ± 1.79 6.47 ± 1.68
Overall Impression 6.47 ± 1.53 6.53 ± 1.53 6.27 ± 1.69 6.40 ± 1.55 6.42 ± 1.58

CONT, samples without lactulose; LACT-2, LACT-4, and LACT-6, samples with 2%, 4%, and 6% of lactulose added, respectively.
1) From a 9-point hedonic scale: 1 =  “disliked extremely”; 5 =  “neither liked/disliked”; and 9 =  “liked extremely”.
a-c Means with different letters in a row differ (p < 0.05).
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Figure 2. Internal preference maps (IPM) and PARAFAC graph for the sensory attributes (appearance, flavor, odor, texture, and overall impression) based on their consumer 
scores (shown as vectors in the plot) of the elaborated boneless dry-cured hams. CONT, samples without lactulose; and LACT-2, LACT-4, and LACT-6, samples with 2%, 4%, 
and 6% of lactulose added, respectively.
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after fitting with a vector model with a coefficient of deter-
mination (R2) of 0.98. According to Ares et al [30], CATA is 
useful for identifying consumer perceptions, even when there 
are not large differences between the samples, being a valuable 
tool for understanding consumers’ perception of sensorial 
and hedonic characteristics.
  Like the PARAFAC from the acceptance test, the EPM en-
abled the spatial separation of samples in four distinct groups, 
each with specific attributes. However, by the PC1 (57.24% 
of the variance), two groups could be distinguished: samples 
with lactulose (LACT-2, LACT-4, and LACT-6); and samples 
without lactulose (CONT). Overall, samples with lactulose 
added were grouped mainly by the perception of a soft tex-
ture, fermented odor, pleasant flavour, and yellowish color. 
In these samples, a slightly sweet taste could be expected due 
to the presence of lactulose, whose sweetness was estimated 
to be 48% to 62% of that of sucrose [31]. Despite this, during 
the first panel section, wherein 10 panelists used an open-ended 
question to establish the appropriate terms for describing their 
characteristics for each sensorial attribute (CATA terms), no 
panelists noticed the perception of sweet taste in the products. 
Even so, the term “pleasant flavor” described by the panelists 
may be related to the possible sweetness in the samples with 
lactulose. Moreover, the absence of sweetness perception may 

be associated with a higher acidity described in the control 
samples. Something similar was also observed by Coelho et 
al [6], in which consumers related the term “sweet taste” to 
samples of fermented sausages formulated with and without 
2% lactulose as prebiotic, but this relation was not verified 
when these samples were added from the probiotic L. paracasei; 
the fermented sausages with the probiotic were positively high-
lighted with the term “acid taste”. In restructured cooked hams, 
Oliveira et al [4] reported that the sweet taste was perceived 
in the samples added of 6% and 10% of lactulose, but not sam-
ples with 3% lactulose.
  Finally, the differences observed in the appearance attri-
butes (Table 3; Figure 2), with lower scores for samples with 
2% lactulose added, seem to be related to the perception of a 
yellowish coloring in this sample. By PC2, dry-cured hams 
with 4% lactulose added were perceived with more matte and 
redder color and those with 6% lactulose added were perceived 
as brighter than samples with 2% lactulose.

CONCLUSION

It was possible to elaborate boneless dry-cured hams with 
higher amounts of lactulose added as a prebiotic, while main-
taining the technological and sensory profile such as those 

Figure 3. External preference map (EPM) of the sensory terms on the check-all-that-apply (CATA) questionnaire for the elaborated boneless dry-cured hams in the 
correlation matrix with the overall consumer impression. CONT, samples without lactulose; and LACT-2, LACT-4, and LACT-6, samples with 2%, 4%, and 6% lactulose 
added, respectively.
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of the traditional products. The addition of up to 4% lactulose 
provided products with higher concentrations of this prebi-
otic, improving its nutrition value, with little alteration in the 
technological characteristics and meting the sensory charac-
teristics desired by consumers.

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any financial 
organization regarding the material discussed in the manu-
script.

ACKNOWLEDGMENTS

The authors would like to thank the Fundação de Amparo à 
Pesquisa do Estado de Minas Gerais (FAPEMIG; processes 
CVZ APQ-02015-15 and CVZ APQ-02904-17) and the Con-
selho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq; process MCT 430206/2016-0) for their financial sup-
port and the CNPq for the scholarship granted (PIBIC/CNPq) 
to the first author.

REFERENCES 

1.	Adebola OO, Corcoran O, Morgan WA. Synbiotics: the impact 
of potential prebiotics inulin, lactulose and lactobionic acid 
on the survival and growth of lactobacilli probiotics. J Funct 
Foods 2014;10:75-84. https://doi.org/10.1016/j.jff.2014.05.010

2.	Rolim PM. Development of prebiotic food products and health 
benefits. Food Sci Technol (Campinas) 2015;35:3-10. http://
dx.doi.org/10.1590/1678-457X.6546 

3.	Coelho SR, Soares NC, Oliveira BEF, et al. Elaboration of 
"salaminho" fermented sausage added with probiotic (in 
Portuguese), in XXV Brazilian Congress of Food Science and 
Technology, CBCTA, Ed. sbCTA, Gramado, RS, Brazil; 2016. 
p. 6.

4.	Oliveira CA, Massingue AA, Moura APR, Fontes PR, Ramos 
AL, Ramos EM. Restructured low-fat cooked ham contain
ing liquid whey fortified with lactulose. J Sci Food Agric 2018; 
98:807-16. https://doi.org/10.1002/jsfa.8529

5.	Lima IA, Gomes HB, Ramos ALS, Piccoli RH, Ramos EM. 
Physical, chemical and microbiological characterization of 
deboned dry-cured ham with added lactulose (in Portuguese). 
Braz J Food Technol [online] 2017;20:e2016028. http://dx.doi.
org/10.1590/1981-6723.2816

6.	Coelho SR, Lima IA, Martins MI, Benevenuto Jr. AA, Ramos 
AL, Ramos EM. Application of Lactobacillus paracasei LPC02 
and lactulose as a potential symbiotic system in the manufac
ture of dry-fermented sausage. LWT-Food Sci Technol 2019; 
102:254-9. https://doi.org/10.1016/j.lwt.2018.12.045 

7.	Aider M, Halleux D. Isomerization of lactose and lactulose 
production: review. Trends Food Sci Technol 2007;18:356-

64. https://doi.org/10.1016/j.tifs.2007.03.005 
8.	Tungland BC, Meyer D. Nondigestible oligo- and polysac

charides (dietary fiber): their physiology and role in human 
health and food. Compr Rev Food Sci Food Saf 2002;1:90-
109. https://doi.org/10.1111/j.1541-4337.2002.tb00009.x 

9.	Toldra F, Flores M. The role of muscle proteases and lipases 
in flavor development during the processing of dry-cured 
ham. Crit Rev Food Sci Nutr 1998;38:331-52. https://doi.org/ 
10.1080/10408699891274237 

10.	Romero de Ávila MD, Hoz L, Ordóñez JA, Cambero MI. 
Dry-cured ham restructured with fibrin. Food Chem 2014; 
159:519-28. https://doi.org/10.1016/j.foodchem.2014.03.051 

11.	Costa MR, Bergamin Filho W, Cipolli KMVAB, Silveira ETF, 
Felício PE. Sensory profile and acceptance of dry-cured hams 
produced by traditional and accelerated methods (in Portu
guese). Food Sci Technol (Campinas) 2007;27:170-6. http://
dx.doi.org/10.1590/S0101-20612007000100030

12.	Bergamin Filho W, Costa MdR, Felício PEd, Silveira ETF. 
Accelerated processing method for dry-cured ham (in Por
tuguese). Food Sci Technol (Campinas) 2010;30:494-500. 
http://dx.doi.org/10.1590/S0101-20612010000200030

13.	Palhares PC, Dutra MP, Ramos EM, Ramos ALS, Perez JRO, 
Gomide LAM. Physico-chemical characterization of dehy
drated, cured and desiccated lamb leg elaborated with glucono 
delta-lactone (in Portuguese), in VI Brazilian Congress of Meat 
Science and Technology, Ed. ITAL/CTC, Águas de São Pedro, 
SP, Brazil; 2011. p. 4.

14.	Romero de Ávila MD, Ordóñez JA, de la Hoz L, Herrero AM, 
Cambero MI. Microbial transglutaminase for cold-set binding 
of unsalted/salted pork models and restructured dry ham. 
Meat Sci 2010;84:747-54. https://doi.org/10.1016/j.meatsci. 
2009.11.011 

15.	Gaspar ALC, de Góes-Favoni SP. Action of microbial trans
glutaminase (MTGase) in the modification of food proteins: 
a review. Food Chem 2015;171:315-22. https://doi.org/10.1016/ 
j.foodchem.2014.09.019 

16.	Brazil. Ministry of Health (MS), National Health Surveillance 
Agency (ANVISA). 54, 12 november 2012. Legal rule regard
ing the Technical Regulation on Complementary Nutrition 
Information (in Portuguese). Brasilia, Brazil: Diário Oficial 
[da] República Federativa do Brasil; 2012. 1, p. 4.

17.	Zhang Z, Wang H, Yang R, Jiang X. A novel spectrophoto
metric method for quantitative determination of lactulose in 
food industries. Int J Food Sci Technol 2010;45:258-64. https://
doi.org/10.1111/j.1365-2621.2009.02129.x 

18.	Ramos EM, Gomide LAM. Meat quality assessment: funda
mentals and methodologies (in Portuguese). Viçosa, MG, 
Brazil: Editora UFV; 2017.

19.	Ares G, Deliza R, Barreiro C, Giménez A, Gámbaro A. Com
parison of two sensory profiling techniques based on consumer 
perception. Food Qual Prefer 2010;21:417-26. https://doi.org/ 
10.1016/j.foodqual.2009.10.006 



348    www.ajas.info

Gomes et al (2020) Asian-Australas J Anim Sci 33:339-348

20.	Jorge EC, Mendes ACG, Auriema BE, et al. Application of a 
check-all-that-apply question for evaluating and characterizing 
meat products. Meat Sci 2015;100:124-33. https://doi.org/10. 
1016/j.meatsci.2014.10.002 

21.	Nunes CA, Bastos SC, Pinheiro ACM, Pimenta CJ, Pimenta 
MESG. Relating consumer acceptance to descriptive attributes 
by three-way external preference mapping obtained by parallel 
factor analysis (PARAFAC). J Sens Stud 2012;27:209-16. https:// 
doi.org/10.1111/j.1745-459X.2012.00387.x

22.	Elmore JR, Heymann H, Johnson J, Hewett JE. Preference map
ping: relating acceptance of “creaminess” to a descriptive 
sensory map of a semi-solid. Food Qual Prefer 1999;10:465-
75. https://doi.org/10.1016/S0950-3293(99)00046-4 

23.	Brazil. Ministry of Agriculture, Livestock and Food Supply 
(MAPA) Secretariat of Agricultural and Livestock Defense 
(SDA). 22, 31 july 2000. Legal rule approving the Technical 
Regulations on the Identity and Quality of coppa, jerked beef, 
Parma type dry-cured ham, dry-cured ham, salami, salaminho, 
German type salami, Calabrian type salami, Friolan type 
salami, Napoli type salami, Hamburg type salami, Italian 
type salami, Milano salami, colonial sausage and pepperoni 
(in Portuguese). Brasília, Brazil: Diário Oficial [da] República 
Federativa do Brasil; 2000, 1, p. 17-8.

24.	Fernández-Salguero J. Conservation of meat products by 
application of combined factors: Spanish intermediate and 
high wetland products (in Spanish). Rev Esp Cien Tec Ali 
1995;35:233-46. 

25.	Saarela M, Hallamaa K, Mattila-Sandholm T, Mättö J. The 

effect of lactose derivatives lactulose, lactitol and lactobionic 
acid on the functional and technological properties of poten
tially probiotic Lactobacillus strains. Int Dairy J 2003;13:291-
302. https://doi.org/10.1016/S0958-6946(02)00158-9 

26.	Pennacchia C, Vaughan EE, Villani F. Potential probiotic Lac­
tobacillus strains from fermented sausages: Further investi
gations on their probiotic properties. Meat Sci 2006;73:90-
101. https://doi.org/10.1016/j.meatsci.2005.10.019 

27.	Brazil. Ministry of Health (MS), National Health Surveillance 
Agency (ANVISA). 360, 23 december 2003. Legal rule regard
ing the Technical Regulation on Nutrition Labeling of Pac
kaged Foods (in Portuguese). Brasilia, Brazil: Diário Oficial 
[da] República Federativa do Brasil; 2003, 1, p. 2.

28.	Schuster-Wolff-Bühring R, Fischer L, Hinrichs J. Production 
and physiological action of the disaccharide lactulose. Int 
Dairy J 2010;20:731-41. https://doi.org/10.1016/j.idairyj.2010. 
05.004 

29.	Terada A, Hara H, Kataoka M, Mitsuoka T. Effect of lactulose 
on the composition and metabolic activity of the human faecal 
flora. Microb Ecol Health Dis 1992;5:43-50. https://doi.org/10. 
3109/08910609209141303 

30.	Ares G, Barreiro C, Deliza R, Giménez ANA, Gámbaro A. 
Application of a Check-All-That-Aplly question to the develop
ment of chocolate milk desserts. 2010;25:67-86. https://doi.
org/10.1111/j.1745-459X.2010.00290.x 

31.	Parrish FW, Talley FB, Ross KD, Clark J, Phillips JG. Sweetness 
of lactulose relative to sucrose. J Food Sci 1979;44:813-5. https://
doi.org/10.1111/j.1365-2621.1979.tb08509.x 


