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Background and objectives: Probiotic quark cheeses contain
microorganisms that have attracted increasing attention due to their
positive effects on gut health and immune function. Enriching
probiotic cheese with nutritional compounds can improve its
nutritional and sensory quality. Lentil protein concentrate, a plant
protein rich in essential amino acids and bioactive compounds, is an
excellent candidate for fortification of dairy products.
Transglutaminase enzyme is one of the transferase enzymes used in
dairy product production, which results in improved cheese texture
by creating intermolecular crosslinks. The aim of this paper is to
investigate the effect of lentil protein concentrate and
transglutaminase enzyme on the physicochemical, rheological,
sensory and viability properties of Lactobacillus plantarum in
probiotic quark cheese.

Materials and methods: In this study, quark cheese was prepared
from 1% fat milk, lentil protein concentrate (0, 2.5 and 5 g/L),
transglutaminase enzyme (0, 1 and 2 U/g per gram of protein) and
Lactobacillus plantarum (10° cfu/ml), and physicochemical,
rheological, sensory and viability tests of Lactobacillus plantarum
were performed on days 1, 30 and 60.

Results: According to the results, with increasing the concentration
of lentil protein concentrate, the efficiency of quark cheese
production increased significantly (p<0.05). With increasing
concentrations of lentil protein concentrate and transglutaminase
enzyme, the survival of Lactobacillus plantarum significantly
increased, but with the passage of storage time, the survival of
Lactobacillus plantarum significantly decreased (p<0/05). The
increased survival of probiotic bacteria Lactobacillus plantarum can
be attributed to the increased access of bacteria to nutrients from the
protein concentrate and the effect of the enzyme on protein structure
and improved access to the substrate. Although, increasing the
concentration of lentil protein concentrate caused a significant
increase in the dry matter, protein and ash content of quark cheese
samples (p<0.05), the effect of this increase on the fat content of
cheese samples was not significant (p>0.05). Based on the findings,
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the addition of lentil protein concentrate had a significant effect on
the textural parameters of quark cheese, including hardness,
cohesion, springiness, gumminess and chewiness (p<0.05), while
the addition of transglutaminase enzyme had a non-significant effect
on textural properties (p>0.05). According to the results of sensory
evaluation, the highest overall acceptance score was obtained for the
sample containing 2.5 g/l lentil protein concentrate and 1 U/g
transglutaminase enzyme.

Conclusion: In general, the appropriate combination of lentil
protein concentrate and transglutaminase enzyme, while improving
the probiotic properties of the product, can either improve the
physicochemical, rheological and sensory properties of the product,
increase the acceptability of the product and support their use in
dairy analogues enriched with plant proteins.
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Figure 1. Changes in the production efficiency of quark cheese containing different concentrations
of lentil protein concentrate and transglutaminase enzyme

Means and uppercase letters (A-C) indicate significant differences (p<0.05) between treatments (various

levels of lentil protein concentrate) at each concentration of transglutaminase enzyme, while lowercase

letters (a—c) indicate significant differences (p<0.05) between treatments (various levels of
transglutaminase enzyme) at each concentration of lentil protein concentrate
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Figure 2. Changes in the pH (a) and L.plantarum (b) of quark cheese containing different
concentrations of lentil protein concentrate and transglutaminase enzyme
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Figure 3. Changes in the dry matter (a) and ash (b) of quark cheese containing different
concentrations of lentil protein concentrate and transglutaminase enzyme

Means and uppercase letters (A-C) indicate significant differences (p<0.05) between treatments (various

levels of lentil protein concentrate) at each concentration of transglutaminase enzyme, while lowercase

letters (a—c) indicate significant differences (p<0.05) between treatments (various levels of
transglutaminase enzyme) at each concentration of lentil protein concentrate
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Figure 4. Changes in the fat content (a) and protein (b) of quark cheese containing different
concentrations of lentil protein concentrate and transglutaminase enzyme

Means and uppercase letters (A—C) indicate significant differences (p<0.05) between treatments (various

levels of lentil protein concentrate) at each concentration of transglutaminase enzyme, while lowercase

letters (a—c) indicate significant differences (p<0.05) between treatments (various levels of
transglutaminase enzyme) at each concentration of lentil protein concentrate
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Table 2. Results of textural properties of quark cheese samples on the 60™ day of storage

(@-mm) o s L @) e = mm) <, 2 s gy N) i (PR,

Chewiness (g.mm) Gumminess (g)  Springiness (mm) Cohesiveness Hardness (N)  Treatments
0.128 +0.01%® 0.21+0.01% 0.61 + 0.02% 0.42 +0.02% 0.45 + 0.08%% Control
0.194 +0.03 B 0.29 +0.01% 0.67 +0.05%° 0.49 + 0.05%° 0.6 + 0.09% To Lo
0.296 + 0.03* 0.39 + 0.03" 0.76 + 0.03"° 0.55 + 0.03"° 0.71 +0.01"° To Ls
0.091 + 0.06%* 0.16 + 0.05%* 0.57 +0.07% 0.39 + 0.05% 0.4 +0.07% T: Lo
0.165 +0.03% 0.25 + 0.028%2 0.66 + 0.04%° 0.46 + 0.05%° 0.55 + 0,085 Ty Lys
0.24 +0.04" 0.33 +0.01" 0.73 + 0.06"° 0.52 +0.02" 0.65 + 0.06™ T: Ls
0.06 + 0.005%® 0.12 +0.02% 0.5 +0.07% 0.33 +0.04% 0.34 +0.07% T, Lo
0.136 +0.05% 0.22 +0.05% 0.63 + 0.05% 0.43 + 0.04% 0.5 + 0.02° T, Lys
0.203 + 0.04™* 0.29 +0.03" 0.7 +0.06™° 0.47 + 0.02" 0.63 + 0.09" T, Ls
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T represents transglutaminase enzyme with concentrations (0, 1 and 2 U/g) and L represents lentil protein concentrate
with concentrations (0, 2.5 and 5 g/I)

Means and uppercase letters (A-C) indicate significant differences (p<0.05) between treatments (various levels of
lentil protein concentrate) at each concentration of transglutaminase enzyme, while lowercase letters (a—c) indicate
significant differences (p<0.05) between treatments (various levels of transglutaminase enzyme) at each
concentration of lentil protein concentrate
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Figure 5. The effect of lentil protein concentrate and transglutaminase enzyme on sensory
properties of probiotic quark cheese on 60" day of storage
T represents transglutaminase enzyme with concentrations (0, 1 and 2 U/g) and L represents lentil
protein concentrate with concentrations (0, 2.5 and 5 g/l)
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