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ABSTRACT. This study aimed to evaluate 
and sensorily describe membrane-emulsified 
poultry and pork meat products (frankfurter 
sausages) manufactured in the USV Iași 
Meat Processing Workshop, products to 
which celery powder was added. Six 
technology sheets were developed to obtain 
six batches of products (three chicken and 
three pork): C1 (66% chicken breast, 17% 
pork backfat, 1.8% celery powder) and P1 
(66% pork, 17% pork backfat, 1.8% celery 
powder), C2 (56% chicken breast, 24% pork 
backfat, 3.5% celery powder) and P2 (56% 
pork, 24% pork backfat, 3.5% celery 
powder) and C3 (48% chicken breast, 31% 
pork backfat, 4.5% celery powder) and P3 
(48% pork, 31% pork backfat, 4.5% celery 
powder). The samples were evaluated in 
terms of instrumental colour and sensory 
evaluation (acceptability test and CATA – 

check-all-that-apply). The results showed 
significant differences (p < 0.05) between 
the samples regarding the instrumental 
colour, chicken meat frankfurter sausages 
having significantly higher lightness values 
(L*) compared to pork frankfurter sausages, 
and in terms of the proportion of raw 
materials: the lightness increased 
significantly in direct proportion to the 
percentage of fat added. According to the 
CATA analysis, the evaluators associated a 
pink colour and meaty flavour with batch 1 
products and attributes such as uniformity of 
colour, characteristic flavour, the right 
amount of seasoning and smooth texture 
were identified in all six batches of products. 
However, the batches with the highest scores 
on the hedonic scale, considered acceptable 
by the evaluators, were C1, P1 and C2. 
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INTRODUCTION 

 

The world’s human population is 
projected to grow to 9.7 billion by 2050 
and 10.3 billion by 2100 (UN, 2022), 
doubling the current demand for meat 
products. Moreover, the increase in 
demand for animal products will also be 
driven by rising population incomes, 
with production expected to double to 
455 million tonnes (Mt) by 2050 (Alfaia 
et al., 2022). Global meat supply will 
expand to meet growing demand over 
the 2022–2031 period, as projected by 
FAO, reaching 377 Mt by 2031, but 
growing more slowly than in the last 
decade. World consumption of pork and 
poultry meat is projected to increase to 
129 Mt and 154 Mt, respectively, over 
the next 10 years (FAO, 2022). 

Fat is an important component of 
the human diet and contributes to the 
flavour, tenderness, juiciness, 
appearance and texture of meat products, 
all of which are intrinsic quality 
characteristics along with overall 
acceptability. Nutritional properties 
depend on animal genetics, nutrition and 
husbandry practices, and post-mortem 
processes that occur during the muscle-
to-meat process (Islam et al., 2019). 

However, emulsified meat products 
have high levels of saturated fatty acids 
(SFA) and cholesterol due to the raw 
materials (Pires et al., 2019). 

Emulsified meat products contain 
meat, fat, salt, ice and spices. Recently, 
the meat industry has been looking for 
additives to make meat products more 
nutritionally beneficial (e.g. by reducing 
their calorie content, adding fibre, 
minerals or bioactive compounds, or 

reducing their sodium content) (Schuh et 
al., 2013; Pires et al., 2021). 

One of the major problems in 
manufacturing and trading these meat 
products is the rapid deterioration of 
their quality. One of the primary causes 
of chemical degradation in food is lipid 
oxidation. The oxidation of food results 
in a rotten flavour and a decline in the 
sensory and nutritional quality of the 
items, rendering them unsuitable for 
consumption. These products include 
effective antioxidants to prevent or 

minimise oxidative damage. 
Application of antioxidants is the 

simplest method for minimising lipid 
oxidation (Sharma et al., 2018). To 
prevent spoilage, both natural and 
synthetic antioxidants are widely used to 
inhibit fat oxidation and prolong shelf 
life (Hossain et al., 2021). Nevertheless, 
consumers are concerned about the 
addition of synthetic substances to food 
due to the possible toxicity of these 
elements. Over time, this has boosted the 
need for natural food additives, 
prompting researchers to investigate 
options to chemical food additives. Due 
to their biological capabilities and taste 
characteristics, several natural 
alternatives have been widely utilised in 
culinary preparations (Sharma et al., 
2019). 

A common natural preservative 
ingredient is celery (Apium graveolens 
L.) (Oliveira et al., 2021). Celery, as a 
plant of the family Apiaceae, is a tasty 
vegetable, highly valued for its 
nutritional and therapeutic values. 
Celery also contains betalains, which 
have free radical scavenging and 
antioxidant activity (Alkazzaz et al., 
2022). It is recognised for its antioxidant 
property which is related to the presence 
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of compounds such as caffeic acid, p-
coumaric acid, ferulic acid, apigenin, 
luteolin, kaempferol, tannins and 
saponins, which indicates its health-
promoting potential (Kooti and Daraei, 
2017). 

Manufacturers use celery because it 
has a low plant pigment content and a 
mild flavour, which does not greatly 
alter the taste characteristics of the 
product to which it is added (Horsch et 
al., 2014). 

In this context, the present study 
aimed to manufacture six varieties of 
products (three varieties of chicken 
frankfurter sausage and three varieties of 
pork frankfurter sausage), with the 
novelty of adding celery powder to the 
composition. Prior to their usage as 
“natural preservatives”, however, 
thorough assessment is required to 
ensure that additional food products are 
sensorily acceptable to consumers. The 
experimental batches of products were 
manufactured with different proportions 
of added ingredients. The products 
obtained were characterised in terms of 
sensory and colour parameters (L*, a*, 
b*) to establish their acceptability for 
consumption and to determine colour 
differences between the experimental 
batches. 

 
MATERIALS AND METHODS 

 

The experimental batches were made 
in the Meat Processing Workshop of the 
University of Life Sciences “Ion Ionescu de 
la Brad” Iași. The list of ingredients used and 
their proportions are shown in Table 1. 

The manufacturing process involved 
specific steps for emulsified meat products, 
as shown in Figure 1. The meat emulsion 
was prepared using a GRINDER WP – 105 

grinding machine and a TITANE V 45L 
cutter. 

The heat treatment involved four stages 
(drying, smoking, boiling and air drying) 
carried out at different parameters, taking 
into account the percentages of raw materials 
introduced, as shown in Table 2. Regarding 
the heat treatment performed on the 
emulsified products, the relative humidity, 
heating rate and ultimate temperature are 
considered of special interest due to their 
effects on the yield, texture, colour and 
microbiological properties of the products. 
The link between these factors and the 
chemical and physical changes happening in 
proteins and lipids may have varying 
impacts on the properties of meat products, 
depending on their composition and size. 
High temperatures reduce oxidation 
activation energy and, in particular, convert 
hydroperoxides into free radicals, which 
promote lipid peroxidation and the formation 
of off-flavours (Kanner, 1994; Colmenero, 
1996). 

Therefore, the temperatures for the 
heating treatment were correlated with the 
amount of fat that was present in each batch. 
In order to ensure the product’s 
microbiological safety, the minimum 
temperature in the product’s centre had to 
reach 69 °C in the boiling stage of the heat 
treatment. 

The colour determination of the 
samples was carried out according to the 
methods described by Hossain et al. (2021), 
with a Konica Minolta Chroma Meter CR-
410 portable chromameter. The colour of the 
samples was read using illuminator C at an 
observation angle of 2°. The mean values of 
10 readings were recorded. Each batch was 
evaluated using one package of product, with 
each package including six separate samples. 
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Table 1 - Proportions of the ingredients in the experimental batches of sausages 

 C1/P1 (%) C2/P2 (%) C3/P3 (%) 

Chicken breast/pork 66 56 48 

Pork backfat 17 24 31 

Celery powder 1.8 3.5 4.5 

Salt 2.0 2.0 2.0 

Pepper 0.5 0.5 0.5 

Sweet paprika 0.5 0.5 0.5 

Ice flakes 12.2 13.5 13.5 

Total 100 100 100 

C1, C2, C3 – experimental batches of poultry; P1, P2, P3 – experimental batches of pork. 

 
 

 
Figure 1 - Flow diagram for the preparation of emulsified sausages 
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Table 2 - Heat treatment scheme 

Experimental batch 1 Experimental batch 2 Experimental batch 3 

   
t = 30 min; U = 20%; 

T = 70 °C 
(60 °C inside the product) 

t = 30 min; U = 20%; 
T = 60 - 62 °C 

(56–58 °C inside the product) 

t = 20 min; U = 20%; 
T = 60 °C 

(56 °C inside the product) 
 Smoking  

t = 15 min; U = 20%; 
T = 70 °C 

(60 °C inside the product) 

t = 15 min; U = 20%; 
T = 60 - 62 °C 

(56–58 °C inside the product) 

t = 10 min; U = 20%; 
T = 60 °C 

(56 °C inside the product) 
 Boiling  

U = 99%; T = 72 °C 
(69 °C inside the product) 

U = 99%; T = 72 °C 
(69 °C inside the product) 

U = 99%; T = 72 °C 
(69 °C inside the product) 

 Air Drying  
t = 10 min; U = 20%; 

T = 72 °C 
(69 °C inside the product) 

t = 5 min; U = 20%; 
T = 72 °C 

(69 °C inside the product) 

t = 5 min; U = 20%; 
T = 72 °C 

(69 °C inside the product) 

t - time; U - humidity; T - temperature. 
 

The sensory evaluation of the final 
products was performed in the Sensory 
Analysis Laboratory of USV Iași. In 
accordance with Jorge et al. (2016) and 
Massingue et al. (2018), CATA (check-all-
that-apply) questions were utilised to define 
the sensory features of each product. To 
compose the CATA test, 22 descriptive 
terms were chosen (colour: uniform, pink, 
brightness, opacity; aroma: acid, 
characteristic, intense meaty, celery, strong 
celery, rancid; taste: salty, unsalty, tasteless, 
spicy (right amount of seasoning), bitter, 
sour, greasy mouthfeel; texture: smooth, 
brittle, hard, dry, oily/fatty). 

A panel consisting of 45 untrained 
members performed an acceptability test 
using a 9-point hedonic scale with 1 point 
meaning disliked extremely and 9 meaning 
liked extremely (Meilgaard et al., 2016; Pires 
et al., 2019). The acceptability test tracked 
general attributes of appearance, texture, 
aroma, taste, quality and overall 
acceptability. All participants confirmed that 
they are consumers of frankfurter sausages. 

The results obtained for the colour 
parameters and the acceptability test were 
subjected to the ANOVA statistical test, 
comparing the mean values by using 
Tukey’s test at a significance level of 5% 

(p < 0.05). The CATA test results were 
expressed as the frequency of citation for 
each sensory term of each sample, using 
XLStat software (Excel Addinsoft, version 
2022). 

 
RESULTS AND DISCUSSION 

 

Colour parameters (L*, a*, b*) 
showed significant differences (p < 0.05) 
caused by the changes in composition of 
the six products (Table 3). A pronounced 
increase in lightness (L*) was observed 
in the two batches with a decreased 
percentage of raw meat added to the 
product. This finding is consistent with 
the results obtained by Guerra et al. 
(2011), who stated that when fat content 
is reduced, sausages become darker 
(lower L* values). Values for redness 
(a*) showed a steady decrease, samples 
with a higher percentage of meat having 
a more pronounced red colour. The b* 
values showed obvious differences 
between the poultry samples, while 
those of the pork samples were in a 
narrower range, 24.74 ± 0.378 (P1) to 
25.49 ± 0.529 (P3). 
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Table 4 shows the mean scores (± 
standard deviation) received from the 
subjects for every sensory attribute 
evaluated. By comparing those mean 
scores it can be seen that the differences 
between the six samples were significant 
(p < 0.05) for all the attributes evaluated. 
However, C3 and P3 registered lower 
mean scores for sensory acceptance 
compared to samples 1 and 2 of the two 
batches. Also, the results show that 
increasing the percentages of fat and 
celery powder in the products lowered 
their acceptance by possible consumers. 
Even with the differences observed in 
the samples evaluated, all processed 

products showed scores in the range of 5 
(neither like nor dislike) to 7 (like in 
moderation). According to the literature 
(Meilgaard et al., 2016), the limit for 
acceptance when using a 9-point hedonic 
scale is 6.3, products with means above 
this limit being considered accepted for 
consumption. In this case study, the 
products that received scores above 6.3 
for all the sensory attributes were C1, C2 
and P1; for C3, P2 and P3, the scores for 
texture, aroma, taste and general quality 
attributes were below 6.3, indicating that 
not all treatments would be acceptable to 
consumers. 

 
 

Table 3 - Mean (± standard deviation) of colour parameters 
(L*, a*, b*) for the samples of frankfurter-type sausages 

 
Poultry samples Pork samples  

C1 C2 C3 P1 P2 P3 p value 

L* 
63.31 ± 
0.496d 

68.66 ± 
0.490b 

70.24 ± 
0.755ab 

54.69 ± 
0.612e 

66.86 ± 
0.338c 

71.86 ± 
0.552a 

< 
0.0001 

a* 
9.17 ± 
0.305a 

7.28 ± 
0.188b 

5.32 ± 
0.173c 

9.64 ± 
0.446a 

6.85 ± 
0.160b 

4.626 ± 
0.195d 

0.035 

b* 
31.38 ± 
0.422a 

29.97 ± 
0.246b 

25.91 ± 
0.189c 

24.74 ± 
0.378d 

25.29 ± 
0.411cd 

25.49 ± 
0.529c 

< 
0.0001 

L* = Lightness; a* = redness; b* = yellowness. Different letters next to the means in the same row 
indicate significant differences between samples by Tukey’s test (p < 0.05). 

 
 

Table 4 - Mean (± standard deviation) sensory acceptance scores of frankfurters 

 
Poultry samples Pork samples 

C1 C2 C3 P1 P2 P3 

Appearance 
7.15 ± 
1.22a 

7.02 ± 
1.25b 

6.69 ± 
1.16c 

6.87 ± 
1.64bc 

6.55 ± 
1.57d 

6.44 ± 
0.84d 

Texture 
7.31 ± 
1.18a 

6.91 ± 
1.22b 

6.04 ± 
1.58c 

6.82 ± 
1.48b 

6.07 ± 
1.19c 

5.78 ± 
0.99d 

Aroma 
6.93 ± 
1.03a 

6.75 ± 
1.22ab 

5.98 ± 
1.52cd 

6.73 ± 
1.09ab 

6.11 ± 
1.46c 

5.91 ± 
1.18cd 

Taste 
7.07 ± 
1.14a 

6.80 ± 
1.41b 

6.00 ± 
1.62c 

6.82 ± 
1.37b 

6.29 ± 
1.47d 

6.04 ± 
1.15c 

Acceptability 
7.09 ± 
1.12a 

6.95 ± 
1.29a 

6.24 ± 
1.64b 

7.04 ± 
1.41a 

6.13 ± 
1.03bc 

5.84 ± 
1.04c 

The same letter next to the mean scores presented with the same row indicates 
no significant difference between samples (p < 0.05) in the Tukey test. 
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The results of the CATA sensory 
assessment are shown in Figure 2, which 
represents the frequency of responses 
from the evaluators for each descriptive 
term and each sample. CATA statistical 
analysis displays significant differences 
between samples C3 and P3 and the rest, 
due to the sensory attribute: pink colour, 
brightness, intense meaty aroma and 
celery flavour. For the attributes of 
oily/fatty texture and greasy mouthfeel, 
samples C1 and C2 differed from the 
others, receiving a lower number of 
responses. 

For the ideal product, a panel of 
12 participants, aged 20–27 (a group 
recruited from members of a scientific 
circle organised within the sensory 
analysis discipline), were asked to 
describe the sensory features of the 
products and to indicate their ideal 
sensory attributes. On the CATA 
questionnaire, sensory attributes deemed 
ideal received a value of 1, whereas 

undesirable or negative sensory 
attributes received a score of 0. 

CATA results were also assessed 
by multiple factor analysis (MFA; 
Figure 3). Factors 1 and 2 explained the 
variation between samples. The 
similarity plot shows which attributes 
should (or should not) be displayed by 
the ideal product and which samples 
were closest to it. Hence, the ideal 
product should have a pink, uniform 
colour, characteristic, intense meaty 
flavour, ideally spicy. It can be seen that 
sample C1 is the closest to the ideal, and 
therefore has the sensory characteristics 
most desired by consumers. Samples C2 
and P1 are also located in the left 
quadrant, being closer to the desired 
sensory attributes, while samples C3, P2 
and P3 are the furthest from the ideal, 
being described as having a more 
pronounced celery flavour, a more salty 
and acidic taste, a fatty texture and 
greasy mouthfeel. 

 

 

p-values
<0.0001
<0.0001
<0.0001

0.059
0.002
0.001

<0.0001
0.001
0.002
0.026

<0.0001
0.018
0.013

<0.0001
<0.0001
<0.0001
<0.0001

0.964
<0.0001

0.003
0.030

<0.0001
 

Figure 2 - Number of citations of each sensory attribute in the CATA test for the six frankfurter 
samples. Values of p < 0.05 indicate attribute which showed significant differences between 

treatments according to the Cochran test 
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Figure 3 - Multiple factor analysis (MFA) of frankfurters assessed using the CATA test 
 

CONCLUSION 
 

Increasing the percentage of fat and 
the amount of celery powder, as well as 
changing the meaty raw material, 
resulted in significant differences 
between the sausage samples in terms of 
colour parameters and sensory 
acceptability characteristics. Sensory 
acceptability decreased with an 
increasing fat percentage and was also 
higher for poultry products. Thus, C1 
and P1 samples, but also C2, were well 
accepted by the evaluators, with an 
average score of around 7.0. The results 
show that a maximum of 3.5% celery 
powder can be used in the production of 
these products because for samples 1 
and 2 of the two batches no negative 
celery flavour was evident. However, as 
the amount of celery powder increased, 
the number of evaluators perceiving an 
intense celery flavour increased. 
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