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The results show that the raw milk used in the 
experiments is of a good quality, which is in line 
with current standards. 
The determined casein content is optimal, as it 
�P�X�V�W���E�H���D�W���O�H�D�V�W�����������R�I���W�K�H���W�R�W�D�O���S�U�R�W�H�L�Q���F�R�Q�W�H�Q�W����
At a protein content of 3.2 g / 100 ml milk, as 
shown in Table 2, the casein content should be 
at least 2.56 g / 100 ml milk. The result obtained, 
�����������J���F�D�V�H�L�Q���������������P�O���P�L�O�N���J�L�Y�H�V���W�K�H���D�X�V�S�L�F�H�V���R�I��
a good coagulation yield, casein representing the 
substrate of the curd. 
The ionic calcium content represents the ability 
of milk to form a three-dimensional structure 
during coagulation, through calcium bridges.  
According to Walstra et al., 2006, the minimum 
ionic calcium content is 120 mg / 100 ml. The 
determined calcium ion content, 326.6 mg / 100 
ml, indicates a high potential for the three-
dimensional structure of the raw milk used. 
The determined lactose content is within the 
normal content of cow's milk 4.2-4.6 g / 100 ml 
(Walstra et al., 2006) and will influence the use 
of whey resulted from the cheesemaking 
process, as a substrate. for obtaining probiotic 
biomass. 
 
Microbiological analysis 
The results of the quantification of microbio-
logical parameters are summarized in Table 3. 
 
Table 3 Results of microbiological analyzes in the milk 

sample (CFU / mL) 
Microbiological 

indicator 
Total 

number  
of aerobic 

germs 
(NTG) 

TYMC 
(total 

combined 
yeasts and 

molds 
count) 

Staphylococcus Coliforms 
bacteria 

Value 4.3 x 107 4.9 x 105 4.3 x 101 2 x 105 

 
Visual aspects of the results from the micro-
biological analyzes can be observed in Figure 4. 
 

       
Figure 4. On-plate aspects of the results of 

microbiological analyses in raw milk (from left to right: 
NTG, TYMC fungi, coliform bacteria, staphylococci) 

 
The results of the microbiological analyses, 
presented in Figure 4 and centralized in Table 6, 
give an overview of the quality of the raw milk. 

Thus, regarding the Plate Count, the result 
obtained, 4.3 x 107 CFU / mL is higher than the 
one provided in REGULATION (EC) NO.  
�������������������R�I���������$�S�U�L�O������������which establish spe-
cific hygiene rules for on the hygiene of 
foodstuffs, of 100.000 CFU / mL for raw milk, 
possible causes being faulty handling in the 
vending machine supply, quality of packaging 
provided; by using pasteurization in the treat-
ment of milk intended to obtain the fresh cheese 
curd, the pathogenic germs will be eliminated. 
The result obtained for the total number of 
yeasts and filamentous fungi (TYMC), 4.9 x 105 
CFU / mL, indicates a contamination of raw 
milk with yeasts and molds, potentially obtained 
from the contact of milk with the atmosphere; 
these microorganisms are destroyed by a 
properly applied pasteurization regime. 
It is observed that staphylococci were also 
detected, 4.3 x 101 CFU / mL, but no confirma-
tory tests were performed; their presence indi-
cates, in principle, that the sample is not 
compliant, but by pasteurization these microor-
ganisms will be destroyed. 
The total number of coliform bacteria deter-
mined, 2 x 105 CFU / mL is an indicator of the 
degree of hygiene in which the milk was 
obtained and handled, the raw milk being non-
compliant; these bacteria are also destroyed by a 
pasteurization regime. 
 
Testing of milk-clotting activity  
According to Lo Piero et al., (2002), lettucine 
from Lactuca sativa has the highest milk-
clotting activity at 50°C. For these experimental 
tests, the decision to have the incubation for 
coagulation at 30°C was taken considering the 
intended comparison with the commercial 
animal rennet. 
After coagulation and processing of the curd, 
they led to the following quantitative results, in 
Table 5. It is observed that in the case of the two 
salad extracts, the amount of curd obtained is 
higher by 45%, which represents a significant 
increase, which is also reflected in the 
calculation of yield. A first expression of the 
yield is expressed also in Table 5. 
It is observed that the most efficient coagulation 
yield is obtained when using the concentrated 
lettuce extract, being approximately 23% higher 
than the yield obtained when using the animal 
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rennet and 45% higher than the yield obtained 
when using the gross lettuce extract. 
 
Physico-chemical characterization of the curd 
 
Determining water activity 
The results of the determinations are presented 
in Table 4. 
It is known that a lower value of the water 
activity index leads to an increase in the shelf 
life of the finished product. The results obtained 
from the determination of the water activity 
index of the cow's milk curd with the addition of 
animal rennet and the vegetable coagulants 
obtained from Lactuca sativa are presented in 
the Table 4.  
 

Table 4. Total dry matter and water activity  
of the curd samples obtained 

 P1 P2 P3 
Total dry matter, % 41.925 44.248 35.838 
Water activity, aw 0.990 0.985 0.975 

 
The sample of milk with animal rennet, 
registered the highest value of the water activity 
index, respectively 0.990. Also, sample 2 of 
milk with simple extract of Lactuca sativa 
registered a close value of 0.985, and sample 3 
of milk with concentrated extract of Lactuca 
sativa had the lowest value of the water activity 
index, 0.975. Therefore, the data obtained for the 
three samples are comparable. 
 
Determination of total dry matter 
The fresh cheese curd resulting from the three 
cases of the experimental determinations was 
recorded with the total dry matter contents 
shown in Table 4.  
The resulting curd quantities, with the dry matter 
content described above, were recalculated to a 
standard 40% fresh cheese dry matter content. 
The physical yield of the cheeses will be 
recalculated in the Table 5, resulting in a 
recalculated standard yield. 

 
Table 5. Quantities of cheeses obtained in the tests – 

Physical and Recalculated standard yield 
Data/Sample P1 P2 P3 

CB, kg 0.295 0.500 0.725 
CL, liters 2 4 4 
Physical yield, Rphy, % 14.75 12.5 18.125 
Total Dry Matter, % 41.925 44.248 35.838 
CB Standard Recalculated at 
40% dry matter kg 0.309 0.553 0.650 

Recalculated yield, Rrec, % 15.460 13.828 16.239 

The results obtained show that fresh cheese 
obtained by coagulation with concentrated 
extract of Lactuca sativa had the highest yield, 
being 5% higher than the yield of fresh cheese 
by coagulation with commercial rennet CHY-
MAX and 17.5% higher than the yield obtaining 
cheese by coagulation with simple extract of 
Lactuca sativa. 
The addition of the source of concentrated 
vegetable coagulant enzyme from Lactuca 
sativa in cow's milk leads to the lowest value of 
the water activity index, which implies an 
increase in the shelf life of the finished product. 
The curd sample obtained with the addition of 
simple extract from Lactuca sativa also reached 
a lower value of the aw index than the curd 
obtained from the milk sample in which a quan-
tity of chymosin was added, which recorded the 
highest value. of the water activity index. 
Following the determination of the dry matter 
for the curd samples obtained, it was found that 
the milk sample in which the concentrated 
extract of Lactuca sativa was added had the 
lowest dry matter content and therefore the 
lowest energy value. 
 
Microbiological characterization of the curd 
The curd samples were analysed 5 days after 
obtaining, being kept in refrigeration conditions. 
The values of the microbiological parameters of 
the three samples are detailed in Table 6. 
 

Table 6. Values analysed in curd samples 
Sample/ 

Microbiological 
indicator 

Total number 
of aerobic 

germs (NTG) 
Staphylococcus Coliforms 

bacteria 

P1 Milk + 
chymosin 6.75 x 107 0 2.15 x 106 

P2 Milk + simple 
extract of lettuce 2.8 x 1010 0 2.92 x 109 

P3 Milk + 
Concentrated 
extract of lettuce 

7.60 x 109 0 6.7 x 108 

 
Visual aspects of the microbiological analysis 
can be seen in Figure 5 for Aerobic colony 
count, respectively Figure 6 for coliforms. 
 

     
Figure 5. Visual aspects of Aerobic colony count 

analysis in different curd samples (P1, P2 P3) 
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The results of the microbiological analyzes 
performed on the curd samples obtained give an 
overview of the fresh cheese manufacturing 
process and storage conditions.  
In the case of aerobic colony count it is observed 
that by the addition of the curd of vegetal origin 
the total load is higher by 2-3 logarithmic units 
in relation to the milk coagulated with enzyme 
of animal origin. 
 

     
Figure 6. Visual aspects of coliform analysis  

in different curd samples (P1, P2 P3) 
 

Staphylococci were not present in any of the s 
analysed sample, thus the samples being com-
pliant. In the case of total coliform bacteria it is 
observed that the addition of plant extract 
increases the contamination by 2-3 logarithmic 
units.  
The source of the contamination may be due to 
the defective microbiological quality of the plant 
extract and the inadequate handling of the 
material. It is recommended that this extract also 
undergo sterilizing filtration so that 
microbiological indicators are kept within the 
limits of admissibility. 
The results obtained following the microbio-
logical analyses indicates a contamination of the 
three curd samples after at least 5 days of storage 
in refrigeration conditions, which indicated the 
highest values in the case of sample P2, coagu-
lated with simple Lactuca sativa extract, followed 
by those of sample P3, coagulated with concen-
trated extract of Lactuca sativa.  
The explanation of this phenomenon lies reside 
even in the process of concentration, by 
precipitation and centrifugation, by removing 
the supernatant can be removed some of the 
microbiological contaminants.  
The next concern in the process of obtaining 
plant coagulant extracts should be the treatments 
applied in order to remove contaminants. 
 
 

Organoleptic characterization of the curd 
Cheesemaking is a more complex process that 
involves concentrating protein along with a 
variable fraction of fat and minerals, eliminating 
a significant amount of water and lactose 
(Costin, 2003). 
Sensory determination of the samples of milk 
coagulated with milk-clotting enzyme from the 
same plant source, Lactuca sativa, obtained 
simply or concentrated, by comparison with the 
sample of milk coagulated with commercial 
chymosin, consisted in the use of two methods, 
described in the materials and methods section, 
respectively of scoring quality indicators accor-
ding to sensory analysis and determination of 
the colour of the curd samples using the 
Hunterlab spectrocolorimeter. 
The sensory analysis was performed by a 
sensory panel of 20 people (staff and students 
from the Faculty of Biotechnology). The 
characterization of the tasting team is described 
in Table 7. It could be noticed that the panel 
consisted of people of different ages (between 
10 and 55 years old). and the females were 
predominant (70%); meanwhile, in the group 
35% were smokers. 
 

Table 7. Characterization of the sensory panel 

Gender   Female Male 
Ratio, %   70,00 30,00 

Smokers, %   42.86 16,67 

Age, % 

0-20 years 57,14 16,67 
20-30 years 14,29 16,67 
40-50 years 14,29 33,33 
>50 years 14,29 33,33 

 
The sensory analysis performed on the appea-
rance of the fresh cheese curd, which should 
have a well-shaped shape. The analysis of the 
consistency or texture of the curd is intended to 
be elastic, compact, and the colour is charac-
teristic, white and glossy, almost uniform in the 
same container. The smell of the analysed sam-
ples must be pleasant, specific to fermentation, 
without foreign odour. The appearance of the 
analysed whey should be clear or slightly 
opalescent. 
The sensory description of the curd and whey 
samples resulting from the experiments is 
presented in Table 8. 
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Table 8. Sensory description of curd and whey samples 
Sample P1  

Characteristics 

Curd Appearance 

Firm consistency, with 
the appearance of 
porcelain in the section, 
easy expulsion of whey, 
without gas bubbles 

Whey 

Colour White 
Taste Pleasant, specific 
Smell Pleasant, specific 

Appearance Clear, slightly 
opalescent 

Colour Yellow-greenish 
Taste Sour, pleasant 
Smell Pleasant, specific 

Sample P2 

Characteristics 

Curd Appearance 

Friable consistency, 
sandy appearance, 
compact, without whey 
expulsion, gas bubbles in 
section 

Whey 

Colour greenish white 

Taste Pleasant, specific, 
slightly sour 

Smell Pleasant, specific 

Appearance Opalescent, fat 
separation on the surface 

Colour Yellowish 
Taste Sour, pleasant 
Smell Pleasant, specific 

Sample P3 

Characteristics 

Curd Appearance 

Suitable consistency, 
slightly soft, slightly 
sandy appearance, with 
whey expulsion, rare gas 
bubbles in section 

Whey 

Colour Greenish white 

Taste Pleasant, specific, 
slightly sour 

Smell Pleasant, specific 

Appearance 
Slightly opalescent, 
slightly greasy on the 
surface 

Colour Yellowish 
Taste Sour, pleasant 
Smell Pleasant, specific 

The centralized results of Total average score 
(Pmt), following the processing of the data 
obtained from the tasting team are presented in 
Figure 7. 
 

 
Figure7. Graphical representation of Total average score 

(Pmt) for the P1, P2, P3 CURD SAMPLES 
 
The results obtained from the sensory analysis 
of the tasted curd samples suggest that P1 
sample of milk with chymosin was preferred, 
being the sample that obtained the highest 
average total score, respectively 16.74. 
This was followed by P3 milk sample with 
concentrated Lactuca sativa extract which 
obtained a total average score of 14.36 and P2 
milk sample with simple Lactuca sativa extract, 
which obtained the average total score of 11.62. 
The degree of organoleptic appreciation of the 
fresh cheese curd obtained with concentrated 
extract of Lactuca sativa is quite close to that 
obtained with commercial rennet. 

 

             
Figure 8. Graphical representation of the sensory characteristics of the curd  

(Pm-Average score and Pmp-weighted average score) 
 
From the analysis of the graphical represent-
tations of the average scores and the weighted 
average scores obtained after the tasting session 

of the three samples of fresh cheese curd (Figure 
8), it is observed the quite clear delimitation of 
the preferences for sample P1 (milk coagulated 
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Total average score (Pmt) for the P1, P2, 
P3 curd samples
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with chymosin), closely followed by sample P3 
(coagulated milk with concentrated Lactuca 
sativa extract), sample P2 (coagulated milk with 
simple Lactuca sativa extract) being on the last 
place in the tasters' preferences. 
 
Determination of colour using a 
spectrocolorimeter 
The samples of fresh cheese curd obtained in the 
experimental determinations were analysed, 
both immediately after obtaining and at 5 days. 
The results obtained from the colour determi-
nations, with the help of the HunterLab 
spectrocolorimeter, of the curd samples, 
respectively the numerical values are presented 
in graphical form in Figure 9. 

As can be seen, the colours of the analysed curd 
samples are very close, located grouped in the 
yellow spectrum of the analysis. 
Following the physico-chemical determinations 
carried out on the raw cow's milk used as raw 
material for the preparation of the curd, a very 
good quality and freshness was found, and the 
values recorded were within the limits provided 
by the standards in force.  
The curd obtained from milk treated with 
concentrated extract of Lactuca sativa had a 
higher production yield than the curd obtained 
from milk treated with commercial rennet 
chymosin. The lowest yield was obtained in the 
case of the curd obtained from milk treated with 
simple extract of Lactuca sativa. 

 

 
Figure 9. Graphical representation of colorimetric analyses for curd samples analysed at baseline and after 5 days  
(a-P1; b-P2; c-P3); From left to right: a. Sample P1 - initial (top point), after 5 days (bottom point); b. Sample P2 - 

initial (top point), after 5 days (bottom point); c. Sample P3 - initial (top point), after 5 days (bottom point) 
 
CONCLUSIONS 
 
The data obtained from the physico-chemical 
analyses of the raw milk and the final product 
aswaell as the results from organoleptic analyzes 
of the curd samples with the addition of Lactuca 
sativa plant extracts, obtained differently, led to 
promising results in terms of quality and pre-
ference of the finished products. The same 
cannot be said for microbiological indicators, as 
milk was not compliant. Pasteurization can solve 
these microbiological issues. 
In the milk sample in which a simple extract of 
Lactuca sativa was added, a very well separated 
curd was formed from the whey, with the highest 
dry matter content of the three curd samples 
obtained. 
Regarding the yields obtained from the 
technological simulations performed, in the first 
phase the physical yield was expressed, by 
reporting the quantities of physical curd obtained 
to the volumes of milk raw material used. 

The recalculated standard manufacturing yield, 
performed at 40% dry matter, is an important 
indicator of the milk-clotting capacity of the 
plant enzymatic extracts, providing a more accu-
rate picture of the efficiency. For instance, the 
curd obtained from milk treated with concen-
trated Lactuca sativa extract had a 5% higher 
manufacturing yield than the curd obtained from 
milk treated with commercial rennet-chymosin. 
The lowest yield was obtained in the case of the 
curd obtained from milk treated with simple 
extract of Lactuca sativa, less than 17.5% than 
that obtained with concentrated extract of 
Lactuca sativa. 
The comparative analysis of the organoleptic 
properties of the three curd samples clearly 
indicates the preferences of the tasting team, the 
P1 sample being preferred to the P3 sample in 
terms of all sensory characteristics. The P2 test 
was on the last place in the preferences of the 
tasting team in terms of all the sensory 
characteristics. 
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The studied Lactuca sativa plant extracts have 
shown that they have the potential to coagulate 
cow's milk and can be used successfully as a 
milk-clotting enzyme from the vegetable source 
in the process of obtaining fresh cheeses. 
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