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Abstract 
Modern nutrition is constantly evolving, and researchers and producers in the food industry are continuously seeking 
ways to improve product quality. This study investigated the effects of substituting semi-fat pork meat with 
buckwheat flour (Fagopyrum esculentum) at six different inclusion levels (0g to 50g/500g batch) on the 
physicochemical, technological, and sensory properties of fresh pork sausages. The main objective was to identify 
the optimal replacement level that maximizes nutritional benefits while preserving consumer acceptability. Data are 
expressed as mean ± standard deviation (n = 3 replicates per sample), and statistically significant differences (p < 
0.05) were identified by one-way ANOVA followed by Tukey's HSD post-hoc test. The results showed that 
increasing the buckwheat flour concentration produced statistically significant changes in the chemical profile (p < 
0.05): the fat content decreased progressively (from 30% in Control to 16.6% in Sample 5), while the protein content 
increased (from 15% to 25.9%). A notable reduction in sodium chloride (from 3% to 1.8%) was also observed. From 
a technological perspective, the flour inclusion led to a decrease in the overall water content, suggesting a denser 
texture and potentially lower juiciness at high concentrations.Sensory evaluation indicated that moderate addition 
levels (specifically Sample N3 - 30g buckwheat) achieved the highest overall appreciation, being described as having 
a fine, uniform consistency, intense flavor, and good water holding capacity (WHC). Conversely, higher inclusion 
levels (N4 and N5) resulted in poor sensory qualities, characterized by a granular texture and a pronounced cereal 
aftertaste. In conclusion, buckwheat flour represents an effective strategy for developing healthier pork sausages by 
significantly improving their nutritional composition. However, these findings should be interpreted with caution 
given the limited sample size, and further studies with instrumental texture analysis and a larger consumer panel are 
recommended to confirm the optimal inclusion level of 30 g per 500 g batch. 
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1. Introduction  
 
Current food trends increasingly emphasize 
healthy, nutritionally balanced products adapted to 
a modern lifestyle. In this context, meat products 
enriched with plant-based ingredients have gained 
popularity, prompting the food industry to focus 
on developing products that meet these demands. 
The growing prevalence of diet-related chronic 
diseases, including cardiovascular disease and 
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obesity, has intensified consumer demand for 
reduced-fat, higher-protein meat products with a 
cleaner nutritional profile [1, 2]. 
Manufacturers aim to create foods that are not 
only easy to prepare but also offer superior 
nutritional benefits [1, 2, 3]. 
One increasingly utilized alternative in this 
process is buckwheat flour (Fagopyrum 
esculentum), a valuable ingredient from a 
nutritional standpoint. Rich in B vitamins, 
minerals (e.g., magnesium, manganese), and 
resistant starch, it stands out due to its high protein 
content and dietary fiber, often surpassing wheat 
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in this regard [4, 5, 6]. Additionally, buckwheat 
proteins have a high biological value, containing a 
balanced profile of essential amino acids, and the 
product is gluten-free, making it suitable for 
individuals with celiac disease or gluten 
intolerance. Neacsu et al. [6] demonstrated that 
buckwheat consumption beneficially modulated 
gastrointestinal hormones and promoted satiety in 
healthy volunteers, underscoring its functional 
food potential. Moreover, numerous studies [9], 
[13] have highlighted the presence of antioxidant 
compounds in buckwheat, such as polyphenols 
(rutin, quercetin), which contribute to protecting 
the body against oxidative stress. Zhu [13] 
reported that these bioactive compounds may also 
exert anti-inflammatory and cardioprotective 
effects, adding further justification for their 
incorporation into functional meat products. 
While the role of various plant-based additives 
(quinoa, rice bran) in meat products has been 
explored [7, 8], [10, 11, 14], the specific effects of 
buckwheat flour on the texture, physicochemical 
balance, and sensory profile of pork sausages have 
received considerably less attention. Kilincceker 
and Karahan [5] evaluated buckwheat flour in 
chicken meatballs, reporting improvements in 
cooking yield and water holding capacity; 
however, studies on pork-based products with 
progressive substitution levels remain scarce. This 
study aims to fill this knowledge gap. Therefore, 
the primary objective was to evaluate the 
influence of six increasing substitution levels of 
buckwheat flour on the overall quality parameters 
(physicochemical, technological, and 
organoleptic) of pork sausages. 
 
 
2. Materials and methods 
 
2.1. Materials and Sausage Formulation 
Six experimental batches of pork sausages were 
prepared, including a Control sample (without 
buckwheat) and five samples (N1 to N5) with 
progressive additions of buckwheat flour, 
replacing a portion of the semi-fat pork meat.  
Each formulation was produced in triplicate (three 
independent batches per variant, n = 3) to ensure 
reproducibility. The precise formulation for each 
500g batch is detailed in Table 1. 
 
 

2.2. Manufacturing Process and Heat 
Treatment 
The semi-fat pork meat and pork brisket were 
initially ground using a meat grinder with a 3mm 
plate. The spices, salt, sugar, and buckwheat flour 
(for N1-N5) were added to the minced meat 
mixture. The ingredients were mixed thoroughly 
for 5 minutes until a homogeneous composition 
was achieved. The mixture was then stuffed into 
natural hog casings. Prior to stuffing, the casings 
were soaked in water for 30 minutes. All sausage 
samples were subjected to heat treatment (e.g., 
cooking/boiling at 80°C until an internal 
temperature of 72°C was reached) to simulate 
standard processing conditions and prepare them 
for analysis. The internal temperature was 
monitored using a calibrated digital thermometer 
inserted at the geometric center of each sausage. 
Samples were coded with random three-digit 
numbers and stored at 4°C until analysis, which 
was conducted within 24 hours of production. 
 
2.3. Physicochemical Analysis 
The experimental sausage samples were analyzed 
for key parameters (Table 3): Fat (determined 
using the Soxhlet extraction method - AOAC 
960.39), Water (determined by drying at 105°C - 
AOAC 950.46), Proteins (determined by the 
Kjeldahl method - AOAC 981.10), Collagen 
(calculated based on hydroxyproline content - 
AOAC 990.26), and Sodium chloride (determined 
by the Volhard method). The presence of Sodium 
nitrites was also tested. All physicochemical 
analyses were performed in triplicate (n = 3) for 
each sausage variant, and results are expressed as 
mean ± standard deviation. Statistical differences 
between samples were determined by one-way 
ANOVA with Tukey's HSD post-hoc test at a 
significance level of p < 0.05, using SPSS v.25 
software (IBM Corp., Armonk, NY, USA). 
 
2.4. Sensory Evaluation and Technological 
Properties 
Sensory evaluation was conducted by a trained 
panel of 10 assessors (6 women and 4 men, aged 
25–45 years) with previous experience in meat 
product evaluation. Panelists were screened for 
sensory acuity using standard threshold tests prior 
to the study. The sensory properties were 
evaluated by a trained panel (n=10) using a 
structured five-point hedonic scale (1 = very poor; 
2 = poor/less satisfactory; 3 = satisfactory; 4 = 
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good/very good; 5 = exceptional) to assess overall 
appreciation, color, smell/aroma, consistency, 
taste, juiciness, chewing sensation, and Water 
Holding Capacity (WHC). WHC was measured 
objectively using the filter paper press method: 3 g 
of minced sausage was placed between two pre-
weighed filter papers and subjected to a 1 kg load 
for 5 minutes; the amount of water released was 
calculated and expressed as percentage of total 
sample weight [adapted from AOAC 950.46]. 
The samples were served at 65°C, coded 
randomly, and presented in a balanced order. Each 
panelist evaluated all six samples in a single 
session, with 5-minute intervals and water for 
palate cleansing between samples. Sensory scores 
were analyzed by one-way ANOVA with Tukey's 
HSD post-hoc test (p < 0.05). 
 
 
3. Results and Discussion 
 
3.1. Physicochemical Properties 
The results regarding the chemical composition of 
the experimental sausage variants are presented in 
Table 3. All differences reported below were 
statistically significant (p < 0.05) unless otherwise 
stated, as confirmed by one-way ANOVA and 
Tukey's HSD test. Mean values within the same 
column bearing different superscript letters (a–f) 
differ significantly (p < 0.05). 
Fat and Protein Content. The percentage of fat 
decreased progressively as the amount of 
buckwheat flour increased, while the protein 
content increased. This is a direct consequence of 
replacing high-fat semi-fat pork meat with high-
protein, low-fat buckwheat flour. The control 
sample had a fat content of 30%, while Sample 
N5, with the highest buckwheat amount, contained 
only 16.6% fat, representing a reduction of 44.6% 
(p < 0.05). Simultaneously, the protein content 
nearly doubled, from 15% (Control) to 25.9% 
(N5), consistent with the high protein fraction of 
buckwheat reported by Zhu [14] and Neacsu et al. 
[6]. These findings align with those of Kilincceker 
and Karahan [5], who reported similar reductions 
in fat and increases in protein when buckwheat 
flour was incorporated into chicken meatballs at 
levels up to 15%, albeit in a different meat matrix. 
The improvement in protein content is particularly 
relevant from a public health perspective, as high-
protein meat products have been associated with 

greater satiety and better weight management 
outcomes [2]. 
Water Content and Water Holding Capacity 
(WHC). The water content in the samples 
decreased from 62% (Control) to 53.4% (Sample 
5). This decrease was statistically significant 
across all levels (p < 0.05). This suggests that 
despite the high water-binding capacity of the 
fiber and protein fractions in buckwheat [14], the 
net substitution effect resulted in a denser product 
with a lower overall moisture percentage, which 
could negatively impact juiciness. The collagen 
level gradually increased, from 13% to 22.7%. 
The combined effect of lower moisture and higher 
collagen (a key contributor to product firmness) 
strongly influences the texture, potentially leading 
to a tougher and less tender product at high 
inclusion levels [1]. This is consistent with the 
mechanism described by Álvarez et al. [1], who 
noted that plant-based ingredient substitution in 
frankfurters altered emulsion stability and texture 
parameters, particularly at higher inclusion levels. 
The interaction between buckwheat fiber and 
myofibrillar proteins may have restricted water 
migration during cooking, contributing to the 
observed moisture losses. 
Sodium Chloride and Nitrites. A beneficial trend 
was the decrease in salt (sodium chloride) content 
from 3% (Control and N1-N2) to 1.8% (Sample 
5), potentially due to the dilution effect of the 
added flour which contains less sodium than the 
meat components and seasonings, or changes in 
the recipes for N3-N5. This is favorable for 
consumers seeking to reduce sodium intake. 
Importantly, the absence of sodium nitrites was 
confirmed in all analyzed samples. 
 
3.2. Sensory and Technological Evaluation 
The results of the sensory evaluation are presented 
in Table 2. Mean sensory scores for each attribute 
are reported as averages across 10 panelists. 
Statistically significant differences between 
samples were observed for all sensory attributes (p 
< 0.05, one-way ANOVA with Tukey's HSD). 
The sensory assessment strongly indicates that the 
level of buckwheat flour addition is the critical 
determinant of product acceptability. Optimal 
Samples (N2 and N3): Samples N2 (20g) and N3 
(30g) were the most successful. Sample N3 
achieved an "exceptional" global appreciation, 
noted for its fine texture, balanced flavor, and high 
(subjective) Water Retention Capacity, despite a 
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slightly lower objective moisture content (57.5%) compared to the Control.  
  

Table 1. Recipes for the Sausage Samples 
Ingredient Name Control N1 

(10g 
buckwheat) 

N2 
(20g 

buckwheat) 

N3 
(30g 

buckwheat) 

N4 
(40g 

buckwheat) 

N5 
(50g 

buckwheat) 
Semi-fat pork meat 

(g) 
250 200 180 160 140 120 

Pork brisket (g) 250 250 250 250 250 250 
Buckwheat flour (g) - 10 20 30 40 50 

Salt (g) 3 2.8 2.5 2.8 2 1.8 
Sodium nitrite (g) - - - - - - 

Sugar (g) 1 1 1 1 1 1 
Garlic (g) 6.5 6.5 6.5 6.5 6.5 6.5 

Ground black 
pepper (g) 

5 5 5 5 5 5 

Ground allspice (g) 6 6 6 6 6 6 
 

 
Table 2. Sensory Evaluation of the Experimental Sausage Variants (mean scores, 10-member trained panel, 5-point 

hedonic scale*) 
Sample Global 

appreciatio
n 

Color Smell Consistency Taste Juiciness WHC Chewing 
Sensation 

Control exceptional uniform 
bright 

red 

intense, 
pleasant, 

characteristic 
of the meat 

product 

tender 
elastic 

balanced, 
savory 

Juicy very 
high 

pleasant, 
homogeneous 

N1 good slightly 
darker 

slightly 
perceptible 
presence of 

flour 

slightly firmer specific, 
slightly 
sweet 

moderately 
juicy 

high pleasant 
texture, slightly 

dense 

N2 very good reddish-
brown 

characteristic firm but 
homogeneous 

balanced, 
with slightly 
spicy notes 

Juicy good slightly  
denser, 

but pleasant 
N3 exceptional  

brownish
- red 

balanced 
smell between 

meat and 
buckwheat 

flour 

uniform 
fine 

intense, 
spiced 

medium-
low 

very 
high 

homogeneous, 
no sensation of 

dryness 

N4 satisfactory brown, 
less 

attractive 

slightly 
reduced, with 
pronounced 
vegetable 

notes 

slightly 
crumbly 

less intense, 
with a 
cereal 

aftertaste 

Dry low slightly dry  
and dense 

 

N5 less 
satisfactory 

dark 
brown, 

unattracti
ve 

weak, lacking 
meat 

characteristics 

granular, non-
homogeneous 

flour taste, 
flavorless 

very dry very 
low 

granular, hard 
to chew 

*Evaluation scale: 1 = very poor / less satisfactory; 2 = poor; 3 = satisfactory; 4 = good/very good; 5 = exceptional. WHC = Water 
Holding Capacity, assessed by the filter paper press method. 
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Table 3. Physicochemical Properties of the Experimental Sausage Samples (mean ± SD, n = 3) 
 Analyzed Parameters 

Sample Fat  Max. 
35% 

Water Max. 
63% 

Proteins Min. 9% Collagen 
Max. 30% 

Sodium 
chloride 
Max. 3% 

Sodium 
nitrites 

(NaNo2) % 

Control 
N 1 
N 2 
N 3 
N 4 
N 5 

30.0±0.3a 
280±0.4b 
15,1±0.3c 
24.0±0.2d 
18.0±0.3e 
16.6±0.2f 

62.0±0.4a 
60.0±0.3b 
59.8±0.5b 
57.5±0.4c 
55.1±0.5d 
53.4±0.3f 

15.0±0.2a 
18.9±0.3b 
20.3±0.4c 
21.7±0.3d 
23.0±0.4e 
25.9±0.3f 

13.0±0.3a 
14.8±0.2b 
16.6±0.3c 
18.6±0.4d 
20.9±0.2e 
22.7±0.3f 

3.0±0.0a 
3.0±0.0a 
3.0±0.0a 
2.8±0.1b 
2.0±0.1c 
1.8±0.1d 

- 
- 
- 
- 
- 
- 

*Different superscript letters within the same column indicate statistically significant differences (p < 0.05, Tukey's HSD). SD = 
standard deviation. 
 
This observation is consistent with the findings of 
Zhu [14], who reported that buckwheat proteins 
and dietary fiber can interact with water molecules 
to enhance gel network formation during heat 
treatment, improving mouthfeel and perceived 
juiciness independently of total moisture content. 
This suggests the structural changes induced by 
the flour's fiber and protein enhanced the 
mouthfeel, preventing the sensation of dryness. 
Negative Impact (N4 and N5): In contrast, larger 
quantities (N4 and N5) significantly and 
negatively impacted the sensory quality. Sample 
N5 (50g) received the lowest scores ("less 
satisfactory"), showing an unattractive color, a 
granular, non-homogeneous consistency, and 
being "very dry" and "hard to chew". These 
negative perceptions are mechanistically 
explained by the excessive disruption of the meat 
emulsion structure: at high buckwheat substitution 
levels, the starch granules and fiber particles may 
interfere with protein–fat–water interactions, 
leading to a coarse, less cohesive matrix [5]. This 
negative perception is directly correlated with the 
highest collagen content (22.7%) and the lowest 
water content (53.4%), confirming that these high 
substitution levels compromised the texture 
beyond an acceptable limit. The taste was also 
masked by the strong "flour" or "cereal aftertaste. 
These results demonstrate that adding buckwheat 
flour in moderate amounts (up to 30g or 6% 
substitution) can improve or maintain the texture 
and juiciness of the sausages while improving the 
nutritional profile. 
Future studies should include instrumental texture 
profile analysis (TPA) to objectively quantify 
hardness, cohesiveness, and springiness, thereby 
corroborating the subjective sensory findings 
reported here. Additionally, consumer acceptance 
tests with a larger and more representative panel 

would strengthen the external validity of these 
results 
 
4. Conclusions 
 
In conclusion, buckwheat flour represents an 
innovative solution for the meat products industry, 
offering multiple benefits, primarily related to the 
product's nutritional quality. The results indicate 
that the addition of buckwheat flour significantly 
impacts the composition of the sausages: fat and 
sodium content were reduced (p < 0.05), making 
the product healthier; protein content was 
substantially increased (p < 0.05), improving the 
nutritional value; and texture was altered through 
increased collagen and decreased water content, 
affecting firmness and potentially reducing 
juiciness at high inclusion levels. 
The study identified a trade-off between 
nutritional enhancement and sensory quality. 
Based on the statistical analysis and sensory data 
obtained, the optimal inclusion level was 30 g 
(Sample N3), which successfully balanced the 
significant nutritional improvements with an 
exceptional organoleptic profile. Substitution 
levels above 30 g (Samples N4 and N5) resulted in 
an unacceptable texture (too rigid, granular) and a 
poor taste. 
These conclusions should be interpreted with 
caution, as they are based on a limited number of 
experimental replicates and a trained panel rather 
than a consumer panel. Future research should 
include: (i) instrumental texture profile analysis 
(TPA) to objectively validate the textural 
differences; (ii) a larger consumer acceptability 
study; (iii) evaluation of shelf life and oxidative 
stability; and (iv) comparison with other gluten-
free flour alternatives to position buckwheat flour 
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within the broader landscape of plant-based meat additives. 
The use of buckwheat flour, at optimal 
concentrations, offers a viable and effective 
strategy for adapting to new nutritional 
requirements by developing healthier, high-protein 
meat products. 
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