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Abstract
Cheddar cheese proteolysis were accelerated employing Penicillium candidum PCA1/TT031 protease into cheese curd. In
the present study, several of the signi�cant factors such as protease puri�cation factor (PF), protease concentration and
ripening time were optimized via the response surface methodology (RSM). The ideal accelerated Cheddar cheese
environment consisted of 3.12 PF, 0.01% (v/v) protease concentration and 0.6/3months ripening time at 10 °C. The RSM
models was veri�ed to be the most proper methodology for the maintain of chosen Cheddar cheese. Under this
experimental environment, the pH, acid degree value (ADV), moisture, water activity (aw ), soluble nitrogen (SN)%, fat and
overall acceptability were found to be 5.4, 6.6, 35%, 0.9348, 18.8%, 34% and 13.6,, respectively of ideal Cheddar cheese.
Furthermore, the predicted and experimental results were in signi�cant agreement, which con�rmed the validity and
reliability of the suggested method. In spite of the difference between the ideal and commercial Cheddar cheese in the
concentration of some of amino acids and free fatty acids, the sensory evaluation did not show any signi�cant difference
in aroma pro�le between them.

Key Points
• P candidum PCA1/TT031 protease was approved hasten the maturation of Cheddar cheese.

• These results approved the “component balance theory”, which is attributed the �avour of cheese to an extensive range of
sapid and aromatic compounds.

• RSM approved gain the ideal �avour of Cheddar cheese via combining practical and theoretical process.

Introduction
Cheese is one of the fermented milk-based foods indicated by its various texture, aroma and �avor. Maturing is the greatest
essential industrial stage in cheese production, establishing a cascade of biochemical results, resulted by a varied array of
microbial �ora that allow the observed sensory characteristics. These sensory attributes are assessed by diverse
instrumental, descriptive and computational approaches (Khattab et al. 2019).

In terms of overall consumption and volume, Cheddar is the largest variety of cheese in the world (Batool et al. 2018).
Cheddar is widespread all over the world due to its distinctive �avor characteristics that are produced during the ripening.
Ripening is a process in which numerous biochemical transformations take place that switch chalky curd to a �avorful
cheese (Khan et al. 2019). metabolic and Biochemical processes lead to the considerable changes in texture and �avor of
cheese. These developments are generally indicated as lipolysis, glycolysis and proteolysis. Lactose is metabolized into
citrate diacetyl, lactic acid and alcohol. Cheddar cheese ripening is a time taking process, period of the ripening may be as
long as one year (Nateghi and Technology 2017).

Long maturation time is a big interruption in the acceptance of cheese in developing countries. Additional, energy supplies
in these countries are either very expensive or insu�cient (Luo et al. 2019). Consequently, those techniques of cheese
ripening should be detected which can considerably decrease the ripening time without reduce the quality attributes of
Cheddar cheese. The researchers worldwide have explored for solutions to accelerate the ripening process of semi-hard
and hard cheese applying different means and procedures in order to decrease the production value and hasten the capital
sequence, all presenting differing levels of achievement, such as, utilizing enzymes and elevated temperatures (Karaca and
Güven 2018; Ha 2019)

Batool et al. (2018) maturated the Cheddar cheese at elevated temperature via addition of vitamin E and selenium, they
found that the Cheddar cheese ripening may be decrease to 6 weeks by elevated temperature (18 °C) using vitamin E and
selenium. Walsh et al. (2020), demonstrated that aged white Cheddar storage at a higher temperature was distinguish
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similarly by consumers as one stored for 1 year at a slightly lower temperature. Hannon et al. (2006) discovered adding of
0.25 or 1 g/100 g of enzyme-modi�ed cheese (EMC) particles to Cheddar cheese curd when manufactured had a
favourable in�uence on the enhancement of cheese �avour up to 4 month of maturing in comparison with the control
(which is 6 months).

To optimize the conditions of acceleration Cheddar cheese, to decrease their costs, and the amount of time and work,
several theoretical methods have been used. Such as, the Response Surface Methodology (RSM) is recognized as the
collecting of mathematical and statistical analysis that is effective for assessment and modelling in applications where a
response of dependent (or interest) is impacted by different factors (Singh et al. 2013; Zhao et al. 2020). Then again, there
is limited information about hastening Cheddar cheese ripening using puri�ed extracellular enzymes. Therefore, the scope
of this current research was to study the effect of protease produced by P. candidum PCA1/TT031 on the chemical and
physical properties of Cheddar cheese prepared from cow milk and the in�uence of this enzymes on increased rate of
improvement on Cheddar cheese maturation process using RSM. The assessment was performed in association with
commercially produced Cheddar cheese.

Materials And Methods
Preparation of P. candidum PCA1/TT031 protease

The pure protease of P. candidum PCA1/TT031 [Commercially freeze–dried strains obtained from Chr. Hansen which is the
commercial names of SWING® PCA1/10U; (Arpajon, France)] were prepared according to Alhelli et al. (2016) by an
Aqueous Two-Phase System. The best protease puri�cation could be achieved under the conditions of 9.0% (w/w) PEG
8000, 15.9% sodium citrate concentration, and 5.2% NaCl, which achieved in protease partitioning of a one-sided for the
bottom phase with a 6.8-fold protease puri�cation factor, a partition coe�cient of 0.2, and a yield of 93%.

Production of Cheddar Cheese

Design of experiment
In order to determination of the optimized maturation process for accelerating Cheddar cheese ripening via puri�ed
microbial protease from the P. candidum PCA1/TT031 solution, we employed the design methodology for obtaining the
experimental space enclosing the preselected conditions. After that we investigated the physicochemical, aroma and
sensory pro�le. We examined the effects of three independent variables, i.e., puri�cation factor of protease (3.12–6.46, X1),
protease concentration [0.01–0.04% (w/w), X2] and maturation time (0–3, X3) and their in�uence was detected on the pH
(Y1), fat (Y2), moisture (Y3), acid degree value (Y4), soluble nitrogen (Y5), fat (Y6) and overall acceptability (Y7) for the
ripened cheeses by the, P. candidum PCA 1/TT031 protease. These factors were optimized using the RSM model. In this
research, we have employed the Central Composite Design (CCD) for assessing and approximating the total quadratic
design model for each response. Twenty trials for all the three variables were measured with every variable being assessed
at �ve different levels (Table S1). The information achieved was calculated graphical manner and in a statistically by
utilizing the statistical software of Minitab v16 (Minitab Inc., State College, PA, USA). The software assisted in creating a
mathematical design model for establishing the likely response for the data obtained.

Cheese making
Commercial rennet was diluted 1 part enzyme in 50 parts de-ionized water prior to use based on the product information
sheet. Cheddar cheese was made using the process described by (Sood and Kosikowski 1979). Twenty sets of Cheddar
cheese were prepared from cow’s fresh milk. Measured amounts of P. candidum PCA 1/TTO31 at a concentration of 0.01–
0.04% (v/v) and puri�cation factor (Pf) 3.12–6.46 (prepared according to preliminary study) were mixed with the salt and
added to the milled curd (Table S1). At last, cheeses were permitted to get dried at room temperature for 10 min prior to
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vacuum packing; further, the pressed cheeses were vacuum packed in nylon bags which are vacuumed by employing a
vacuum packaging machine (model vac master, Kansas, USA). All cheese testing and analysis were conducted at day 0, 1,
2, and 3 months of maturation at 10 °C. Free amino acids (FAA), free fatty acids (FFA) and aroma attributes of ideal
treatment were contrast with a positive control (commercial Cheddar cheese).

Variance Analysis
To �nd out the signi�cant variables in addition to LSD or to measure the least signi�cance tests to assess the difference
amongst the examined samples, the Analysis of Variance (ANOVA) technique was employ. Each sample was subjected to
two fold or three fold value and the following data was recorded and documented as the mean ± SD of independent tests.
analysed the consequence of the suggested model was analysed by Fisher’s test (F-test). Moreover, the regression
equations were summated to the F-test, to calculate the coe�cient of determination (R2). The corresponding polynomial
equation was expressed as three-dimensional surface plots to predict the relationships between the dependent variables
(responses) and the experimental levels of the independent variables (different factors) involved in the design.

Optimization and Validation of the Experimental Process
To approve suitability and validity of the model, various tools (graphical and numerical) of the optimised parameters were
examined experimentally (Xu et al. 2013). Moreover, predicted values gained from the regression equation were contrasted
with the experimental values and the response surface model su�ciency was veri�ed (Mirhosseini et al. 2008; Xu et al.
2013).

Compositional analysis
Fat and moisture content in cheese were assessed at 0,1,2 and 3 months by the standard methods (Horwitz 2010). The pH
of cheese samples was measured using a digital pH meter (Mettler – Toledo, GmbH; 8603 Schwarzenbach, Switzerland)
(Ruyssen et al. 2013). Water activity (aw) of cheese samples were measured using aqua lab water activity analyzer
(Washington, USA). The value of acid degree (ADV) is established using the process Bureau of Dairy Industry (Deeth 1976)
with slight modi�cation. The soluble nitrogen (SN) content was determined based on the method described by (Kuchroo
and Fox 1982). SN (%) quanti�ed as percentage of total nitrogen (SN, % of TN). The cheese samples were analysed in
triplicate.

Free Amino Acid Composition
The free amino acid constitution of commercial Cheddar cheese and the best cheese variety which resulted using PF 5.85,
Conc. of pure protease 0.01% (v/v) and 0.6 month ripened at 10 °C were assessed by using a system called gradient HPLC
(Jasco CO-2065 Plus) with pre-column phenylisothiocyanate (PITC) derivatisation (Rozan et al. 2000). Concentration of
every amino acid was denoted as mg/g of sample.

Volatile Flavor Compounds Release in Cheese

Sample preparation (SPME Procedures)
The static headspace solid-phase micro-extraction method (HS-SPME) were used to remove the volatile elements (Verzera
et al. 2010). The ideal cheese using PF 3.12, Conc. of pure protease 0.01% (v/v) and 0.6/3 months ripened at 10 °C and
commercial Cheddar cheese were analysed for fragrance volatiles by the SPME-GC-MS technique.

GC–MS analysis
The preliminary identi�cation and veri�cation of the volatile components were conducted with a Hewlett-Packard 6890N
GC device (Agilent Technologies, Wilmington, DE) furnished with Time-of-Flight Mass Spectrometer (TOFMS), (Pegasus III,
LECO Corp., St. Joseph, MI, USA). After veri�cation analysis, the volatile components were then measured using a Hewlett-
Packard 6890 GC system stocked with an HP-Innowax (60 m, 0.25 mm, 0.25 µm) capillary column (J and W Scienti�c,
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Folsom, CA, USA). The fatty acid solutions (FA) like ethanol, acetic acid, 1,3- butanediol, 2,3- butandiol, [S-(R*, R*)],
hexadecanoic acid, ammonium acetate, hexanoic acid-methyl ester, pentanoic acid and butanoic acid were computed as
relative total peak areas percentage of all the fatty acids in the sample of cheese on the basis of the FA peak areas that
were present in the chromatogram.

Aroma Pro�le
A single, high quartz, uncoated surface acoustic wave (SAW) resonator electronic nose was employed in order to estimate
the pro�le of aroma of the new ideal Cheddar cheese and industrial Cheddar cheese. The aroma present in the cheeses was
assessed according to the procedure described by Manaf et al. (2008) with an ultrafast GC known as zNose 7100 analyser
(Electronic Sensor Technology Co., Newbury Park, CA, USA). The aroma component pro�les taken from analysis were
showed as zNose chromatogram and Vaporprints™ (polar plots).

Sensory Evaluation
Overall acceptability (�avour, aroma and texture attributes) of the processed, ideal and commercial cheeses during the
maturation period was conducted according to Jung et al. (2013a) and with few modi�cations in the processes. The
research consisted of 15 trained Iranian and Arabian panellists accustomed to Cheddar cheese. Overall acceptability was
evaluated on the scale of 1 to 10 with 10 denoting ‘extremely like’ and 1 representing ‘extremely dislike’. Before every
session, the Cheddar cheese purchased from the manufacturing �rm was presented to get habituated with the sensory
characteristics of the cheese (Jung et al. 2013a). The values of each sample were averaged over all panellists. The sensory
assessment was conducted in duplicate.

Statistical Data Analysis
Samples were gathered randomly and information was tabulated and put through analysis of variance (ANOVA) and
MANOVA (PROC GLM) with MINITAB statistical software, release 16 (MINITAB Inc., state college, PA and USA). In the
chromatography assessment, the highest area of each component was regarded as the response variables, whereas the
storage time, puri�cation factor and concentration of enzyme were considered as the separate variables in this research.
The Two-Sample test assessment was used to establish the non-signi�cant or signi�cant interaction effect of separate
variables on response variable on FFA, FAA and aroma components of ideal and industrial Cheddar cheese. The resultant
variables have more signi�cance (p ≤ 0.05) in case the absolute F-ratio becomes greater (Mirhosseini et al. 2008). All
measurements were performed in triplicate and denoted as the mean ± SD of independent trials.

Results

Optimizing the Cheddar Cheese Using a Response Surface
Methodology

The RSM Models Fitting
The predicted values of the regression coe�cients for the RSM models and their corresponding R2 values were mention
(Table 1). As it can be seen from the outcomes, the response variable showed signi�cant (p ≤ 0.05) values for the response
surface models and a high R2 value that was also observed which was in the range of 0.92–0.99. Additionally, Table 2
described the interactive effects and the quadratic model of the Puri�cation factor of protease (X1), protease concentration
(X2), ripening time (X3), for every response variable. also Table 2 shows the signi�cance of the p-value and the F-ratio. It
can also be observing that the main in�uence of PF of protease as the most signi�cant factor (p ≤ 0.05) impact on the
most of the responses.
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Table 1
Regression coe�cients, R2, and probability value of the response surface models

Regression
coe�cient

pH (Y1) ADV
(Y2)

Moisture
(Y3)

aw (Y4) SN [(%),
Y5]

Fat [(%),
Y6]

Overall acceptability
(Y7)

b0 3.22 22.156 31.27 0.87167 60.4 41.98 32.3

b1 0.96 -7.752 3.47 0.04122 -16.8 -1.75 -3.0

b2 102.14 -438.700 -277.16 -1.89539 -1812.0 -363.49 -853.9

b3 -0.71 7.457 -0.83 -0.01209 14.3 -2.40 -10.0

b12 -0.10 0.652 -0.43 -0.00551 2.0 -0.02 0.1

b22 -1629.07 -764.094 2827.35 -2.94037 30030.3 1381.18 14895.8

b32 -0.12 -0.363 0.19 -0.00385 0.2 -0.78 0.5

b12 -11.58 115.769 32.60 0.34731 60.7 53.63 -9.3

b13 0.00 -0.474 -0.08 0.00204 -2.5 0.71 1.3

b23 22.96 -52.445 -67.11 0.23852 26.1 42.82 78.5

R2 0.99 0.95 0.96 0.94 0.94 0.94 0.92

Regression

( P-value)

0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a

b0, b1, b2 and b3: The estimated regression coe�cient for the main linear effects. b12, b22 and b32: The estimated
regression coe�cient for quadratic effects. b12, b13 and b23: The estimated regression coe�cient for the interaction
effects. 1: Puri�cation factor of Protease (PF), 2: Protease concentration (%); 3: Ripening time (Month).

a signi�cant (p ≤ 0.05)
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Table 2
The signi�cance of each independent variable effect indicated by using F –ratio and p-value in the �nal models

Variables independent
variable

Main effects Quadratic effects Interaction effects

X1 X2 X3 X12 X22 X32 X1 × 2 X1 × 3 X2 × 3

pH (Y1) p-value 0.002a 0.001a 0.004a 0.001a 0.000a 0.001a 0.004a 0.964 0.000a

F-ratio 21.14 28.60 16.55 24.89 43.73 24.00 16.58 0.00 52.63

ADV (Y2) p-value 0.011a 0.078 0.006
a

0.020
a

0.792 0.230 0.007
a

0.180 0.183

F-ratio 10.71 4.09 14.02 8.35 0.07 1.69 12.86 2.15 2.13

Moisture
(Y3)

p-value 0.075 0.112 0.575 0.028
a

0.195 0.361 0.195 0.751 0.031a

F-ratio 4.19 3.20 0.34 7.16 2.00 0.94 2.00 0.11 6.82

aw (Y4) p-value 0.001
a

0.044
a

0.136 0.000
a

0.781 0.006
a

0.019
a

0.123 0.107

F-ratio 22.59 5.70 2.75 44.44 0.08 14.13 8.63 2.97 3.29

SN [(%), Y5] p-value 0.007 0.003a 0.007
a

0.002a 0.001
a

0.756 0.372 0.005a 0.724

F-ratio 12.74 17.69 13.14 20.47 29.20 0.10 0.90 14.63 0.13

Fat [(%), Y6] p-value 0.138 0.006
a

0.028
a

0.866 0.304 0.000
a

0.006
a

0.001
a

0.029
a

F-ratio 2.71 13.91 7.17 0.03 1.21 38.69 13.66 23.72 7.03

Overall
acceptability
(Y7)

p-value 0.216 0.003a 0.001
a

0.680 0.000
a

0.090 0.766 0.003
a

0.048a

F-ratio 1.80 17.72 28.80 0.18 32.41 3.50 0.10 18.27 5.46

X1, X2 and X3: The main effect of Protease puri�cation factor, protease concentration and ripening time X12, X22 and
X32: The quadratic effect of Protease puri�cation factor, protease concentration and ripening time, respectively. X1 × 2:
The interaction effect of protease puri�cation factor and protease concentration, X1 × 3: The interaction effect of
Protease puri�cation factor and ripening time, X2 × 3: The interaction effect of protease concentration and ripening
time.

a signi�cant (p ≤ 0.05)

Amaal et al. 2020

pH (Y1)
According on the �ndings presented in Table 2, it can be observe that the response of the pH (Y1) was signi�cantly (p ≤ 
0.05) in�uenced because of the basic effects of PF of protease (X1), Protease concentration (X2), maturation time (X3) and
the quadratic effect of the protease puri�cation factor (X12), protease concentration (X22) and ripening time (X32), with the
interaction of the protease puri�cation factor and its concentration (X1 × 2), the protease concentration, and the ripening
time of Cheddar cheese (X2 × 3), in the studied Cheddar cheeses acceleration. Moreover, it was also seen that the
interaction impact of the protease concentration and ripening time signi�cantly affected the pH of Cheddar cheeses (Y1)
value. It was also noticed that the quadratic effect of the protease concentration was impact on the pH of Cheddar cheese.
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From the outcomes obtainable in Fig. 1a and b, it can be seen that the interactions between the puri�cation factor of
protease and protease concentration has gain to an increase in the pH value as well as an increase in the protease
puri�cation factor and the concentration of protease.

The optimal acceleration Cheddar cheese ripening within the pH (Y1 = 5.4) could be obtained from the following
parameters: protease PF 3.12, protease concentration of 0.01% (v/v), and a ripening time of 0.6/3 months.

Acid degree value (ADV) (Y2)
The use of exo-enzyme P. candidum PCA1/TT031 protease to hasten Cheddar cheese maturation produced in ADV values.
Alterations in ADV during cheese storage are displayed in Table 2. ADV was prominent (p- value) in all batches of cheese
during ripening by the primary effect of independent factors and their interaction. ADV were signi�cantly (p ≤ 0.05)
in�uenced by the main effects of the puri�cation factor of protease and the time of ripening besides the quadratic effect of
the puri�cation factor of protease and the interactions between the puri�cation factor of protease and ripening time.
Moreover, it was also seen that the interaction effect of the protease PF and protease concentration signi�cantly in�uenced
the ADV of Cheddar cheeses (Y2) value (Fig. 2). In addition, it was noticed that the main effect of the ripening time was
in�uence on the ADV of Cheddar cheese (Y2 = 6.6).

Moisture (Y3)
In this paper, it was noticed that moisture was signi�cantly (p ≤ 0.05) affected by the preconditions of the ripening Cheddar
cheese with regard to the protease PF (X1), its concentration (X2) and ripening time (X3), along with the quadratic effects
of the protease PF (X12) and the interactive effects of the protease concentration and ripening time (X2 × 3). The interactive
effects of the concentration of protease and ripening time exhibited the greatest effect (p ≤ 0.05) on moisture content of
Cheddar cheese (Y3) (Table 2).

The Fig. 3 display the interactive effects of the response variables on the moisture content of Cheddar cheese, whereas the
plot shows the maximal moisture in the Cheddar cheese. The optimum accelerated Cheddar cheese moisture (Y3 = 35%)
using the P. candidum PCA1/TT031 protease was achieved under the following conditions—PF of protease of 3.12;
protease concentration of 0.01%; and ripening time of 0.6/3months.

Water activity aw (Y4)
The activity of water (aw ) performances a major role in cheese, and effects the stability, safety and quality of the ultimate
product (Franks 1991). The chemical capacity of water can be obtained out by evaluating aw, which is connected with the
enzymatic and microbial stability of the food (Grummer and Schoenfuss 2011). According to the results observed in
Table 2, this could be detected that the response of the aw (Y4) was signi�cantly (p ≤ 0.05) in�uenced because of the basic
effects of PF of protease (X1) and Protease concentration (X2) and the quadratic effect of the protease puri�cation factor
(X12) and ripening time (X32), also with the interaction of the protease puri�cation factor and its concentration (X1 × 2), in
the studied Cheddar cheeses acceleration. Additionally, it noticed that the basic and the quadratic effect of the protease PF
signi�cantly (p ≤ 0.05) in�uenced the aw (Y4) value of Cheddar cheeses.

Figure 4 show the 3-D response surface plots for optimizing the aw response of Cheddar cheeses. In this plot present that
the maximal aw value for the Cheddar cheese (Y4 = 0.9348).

The ideal accelerated Cheddar cheese water activity (Y4 = 0.9348) via the P. candidum PCA1/TT031 protease was
accomplished under the following conditions—PF of protease of 3.12; protease concentration of 0.01% (v/v); and ripening
time of 0.6/3 months.

Soluble nitrogen (SN%) (Y5)
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The use of P. candidum PCA1/TT031 protease to accelerate Cheddar cheese maturation achieved in SN% values (Table 2)
that were signi�cantly (p ≤ 0.05) effected via the main in�uence of the puri�cation factor of protease, protease
concentration and ripening time of Cheddar cheese accompanied by the quadratic effect of the protease puri�cation and
protease concentration. Also, the interactions effect between the protease puri�cation and its ripening time signi�cantly (p 
≤ 0.05) in�uenced the SN% of Cheddar cheeses (Y5) value. The results revealed that the most signi�cant (p ≤ 0.05) effect
on SN% (Y5) of the accelerated Cheddar cheese was produced by the quadratic impact of concentration of protease and
protease puri�cation (Table 2). Protease PF and its concentration have been con�rmed to in�uence SN% in Cheddar
cheese. For a protease PF 3.12 with a concentration of 0.01% (v/v) and ripening time 0.6/3 months, SN% was observed to
be maximum (Y = 18.8%). Figure 5 shows the process by which interactions among response variables (protease PF and its
concentration) signi�cantly in�uence (p ≤ 0.05) the SN% of accelerated Cheddar cheese.

Fat (Y6)
Table 2 indicates that the fat (Y6) was considerably (p ≤ 0.05) in�uenced by the main effect of protease concentration and
ripening time; the quadratic effects of ripening time; and the interactions of protease PF and protease concentration,
Protease PF and ripening time and protease concentration and ripening time in the Cheddar cheeses. The outcomes
displayed that the most signi�cant (p ≤ 0.05) impact on fat value (Y6) of the Cheddar cheese was caused by the quadratic
of ripening time and interactions impact of PF of protease and ripening time. It is evident from the results shown in Fig. 6a,
b and c that the interaction effects between the protease PF-5.85 and 0.01% (v/v) protease concentration have led to a rise
in the fat value (fat = 34).

Overall acceptability (Y7)
When employing of P. candidum PCA1/TT031 protease to accelerate Cheddar cheese, the primary effects of protease PF
and ripening time, the quadratic results of protease concentration and ripening time, as well as the interactions of protease
PF and protease concentrations, PF of protease and ripening time, all had a considerable (p ≤ 0.05) in�uence on response
values for overall acceptability (Table 2). Main in�uence of ripening time, interactions between X1 × 2 and X1 × 3 were of
the greatest signi�cance (p ≤ 0.05) in overall acceptability for Cheddar cheese samples (Y7).

The evaluation of the overall acceptability’s curve and shape (Fig. 7a and b) shows that variations in overall acceptability
(Y7) result from the non-linear functioning of overall acceptability preconditions.

Experimental Certi�cation of the Models
The observed data and the predicted values were validated for veri�cation of the suitability of the �nal response surface
models. The outcomes should not show any signi�cant difference (p > 0.05) and must be in near agreement with the
observed data and the estimated values. In Fig. S1, it is demonstrated that the respective values of the response variables
achieved from observations were closer to those estimated in the modelled equations; this proves that the RSM model is
the most proper methodology for the acceleration Cheddar cheese. The acceleration plot was veri�ed and the
physiochemical characteristics were investigated. The �nal model was con�rmed using protease PF, concentration of
protease and ripening time of 3.12, 0.01% (v/v), and 0.6/3 months, respectively. It was seen that by using this model, the
variables of pH, ADV, moisture, aw, SN%, fat and overall acceptability was predicted as 5.4, 6.6,35, 0.9348, 18.8,34, and 13.6,
respectively, under the optimized conditions.

Comparison of Commercial with Ideal Experimental Cheddar cheese

Free amino acids (FAA)
Generally, the occurrence of release of free amino acids in cheeses can be considered as an indicator for the incidence of
the proteolytic activities. Since long, it has been observed that proteolysis is among the primary biochemical events, which
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occurs throughout ripening of cheese, and its derivatives such as peptides and free amino acids can reveal a main
in�uence on the sensory properties of cheese (Calasso et al. 2015).

Exogenous peptidases and proteinases employed for accelerated ripening take into account one of the different in�uencing
aspects essential to cheese making (Mayer and Fiechter 2013). In this study, the 17 individual free amino acids of ideal
Cheddar cheese were measured. The total concentration of amino acids for the ideal cheese was 248.89 ± 0.83 mg/g and
this amount is a little higher than the amount obtained with industrial cheese, which was 195.19 ± 2.59 mg/g (Table S2).

The results of this study revealed that there was remarkable (p ≤ 0.05) difference in the release of 10 free amino acids in
two varieties of cheese (free amino acids viz. aspartic, glutamic, aspartic, proline, threonine, valine, methionine, lysine,
leucine and phenylalanine) while the other 7 free amino acids (serine, glycine, histidine, arginine, tyrosine, cysteine and
isoleucine) had an insigni�cant (p > 0.05) impact on both cheese samples. The amount of free amino acids in ripened
Cheddar cheese signi�es the proteolytic activity of PF of protease and its concentration [3.2, 0.01% (v/v)] on casein
decomposition.

Free fatty acids (FFA)
Lipolysis is the fundamental source of free fatty acids, but they are able to be created by amino acid conversion (for
example, leucine and valine), or generated by the lactose metabolism (Bao et al. 2016; McCarthy et al. 2017). As with levels
of individual FAA, levels of FFA found at any step of ripening are the outcome of catabolism and hydrolysis (Del Toro-
Gipson et al. 2020). The standard deviation and mean value of the corresponding percentages of individual fatty acids that
existed in ideal and commercial cheeses are show in Table S3.

Ethanol, 1,3-Butanediol and Hexadecanoic acid exhibited the highest mean recovery (23.59 ± 0.45, 23.55 ± 0.52, 21.13 ± 
0.68, respectively) in ideal cheese whereas in commercial cheese, Ethanol and 1,3-Butanediol were found to be of quantity
16.68 ± 0.34, 21.27 ± 1.42 and 15.76 ± 0.80, respectively. Hexanoic acid displayed the least average recovery in commercial
and ideal Cheddar cheese (4.26 ± 0.66 and 2.37 ± 0.40, respectively).

Aroma Pro�le
The cheese aroma is one of the most essential factors involving the quality and sensory characteristics of cheese.
Electronic noses are not utilised to evaluate individual components after chromatographic division, but to employed the
sum of volatile compounds by infusing them together into a mass spectrometer (Marilley and Casey 2004).

In this study, the qualitative estimation of the aroma pro�le of the cheese prepared from protease PF and its concentration
(with 3.12, 0.01% in 0.6/3 months) and industrial Cheddar cheese were assessed with the electronic nose. A unique
technique of this “Z” nose was to utilize two-dimensional olfactory patterns, called polar plot (Vaporprint™). This method
provides visually distinguishable fragrance with a high resolution pattern (Fuchsmann et al. 2015). The VaporPrintsTMof
both kinds of cheeses are presented in Fig. S2 (a, b). As can be observed in Fig.S2a and b, every cheese kind had almost
the same essential compounds. The characteristic nature of polar plot is dependent to the respective concentration of the
numerous elements creating the mix (Marilley and Casey 2004), and so the resulting polar plot was approximately similar
for every kind of cheese. There were 13 substances (a-g, re�ecting different times of retention) recorded within the
assessment time of 0–20 s. Among them, six were recurrent compounds for all cheese.

Discussion
The outcomes of pH of Cheddar cheeses are in agreement with Jung et al., 2013; Hannon et al., 2014, in which it was
stated that increasing of pH during maturation period is attributed to the use of the formation of non-acidic decomposition
products, lactic acid from lactate, and release of alkaline products decomposition and dissociated amino acids.
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It can be noticed from the �ndings obtainable in Fig. 1a and b that the collaborations between the puri�cation factor of
protease and protease concentration has gain to a rise in the pH estimate as well as an increase in the protease puri�cation
factor and the concentration of protease. Which is a consequence of the activity of P. candidum PCA1/TT031 that
metabolizes lactic acid and lactate (Kaminaries et al. 2019; Mane and McSweeney 2020) and causes the breakdown of
curd components. Moreover, the rate of lipolysis is calculated by ADV determination. This value indicates the content of
FFA dissolved in some amount of fat and it can be associated with the sensorial quality of the �nal products (Niro et al.
2014). Figure 2 show the 3-D response surface plots for optimizing the ADV value of Cheddar cheeses. This plot shows
that the best ADV value for the Cheddar cheese (Y2 = 6.6) was observe to exist at a PF of protease 5.85, a concentration of
0.01% (v/v) and ripening time 0.6/3 months. It can also be observing that the ADV increased with an increase in the PF of
protease and its concentration.

In spite of the signi�cant (p ≤ 0.05) impact of enzyme PF on ADV value of Cheddar cheese, the main impact of ripening
duration had the most signi�cant (p ≤ 0.05) in�uence on the ADV content of samples. Starter enzymes throughout ripening
link the ester bonds between glycerol and fatty acids in the triacylglycerides. Esterases analyse short acyl ester chains,
whereas the longer acyl ester chains which are contained of more than 10 carbons were hydrolysed by lipases (Kendirci et
al. 2020; Rani et al. 2019). In addition, the reduction in moisture value of Cheddar cheeses in the ripening period may be
because of the biochemical variations and development of lactic acid which resulted in contraction of curd and which put
an end to the aqueous stage of cheese. It also resulted in moisture loss in the ripening period (Garbowska et al. 2016). The
results of moisture content of Cheddar cheese during ripening time were in an agreement with the study of (Afzaal et al.
2020; Margolies and Barbano 2018). Additionally, an increase in the protease concentration through the ripening time of
Cheddar cheese caused a decrease in the Cheddar moisture content (Creamer and Olson 1982; McCarthy et al. 2016).

Despite the signi�cant impact of the interaction of puri�cation factor with enzyme concentration which decreased the
value of aw, their average values remained under requirement because the water activity of cheese is generally in the range
0.70–1.00 even though most varieties have activity of water above 0.90 which is close to that of the experimental Cheddar
cheese (Marcos 1993).

The reduction in aw can be justi�ed by the effect of biochemical enzyme reaction and time of ripening on cheese matrix.
Compounds having higher molecular weight contain fewer molecules than compounds with lower molecular weight,
resulting in a greater aw-reducing effect (Grummer and Schoenfuss 2011; Hickey et al. 2013). Furthermore, the results of SN
(%) values conclude the effect of protease P. candidum PCA 1/TT031 on the casein matrix of Cheddar cheeses. Moreover, it
resulted is in agreement with the study of other scientists such as Hannon et al. (2003); Jahadi and Khosravi-Darani
(2017); Kaminaries et al. (2019); Nuñez et al. (1991).

Since the moisture content of samples were decrease throughout the maturation of Cheddar cheese, the fat content of
Cheddar cheese was increase due to lipolysis, accompanied by a physicochemical process on Cheddar cheeses during
maturation period (Soleimani-Rambod et al. 2018). The evaluation of the overall acceptability’s curve and shape (Fig. 7a
and b) shows that variations in overall acceptability (Y7) result from the non-linear functioning of overall acceptability
preconditions. There was a signi�cant (p ≤ 0.05) increase in the overall acceptability of Cheddar cheese (Y7 = 13.6) with
the addition of 0.01% (v/v) protease concentration and 3.12 PF of protease. As consequences, this enzyme of P. candidum
PCA1/TT031 was shown to create a well-balanced equilibrium between proteolysis and lipolysis products without
generating defects on �avour and texture.

In a comparison between ideal and commercial Cheddar cheese, catabolism of branched-chain, sulfur-containing FAA, and
aromatic have been involved in the �avour development of cheese, resulting in the production of potent volatile aroma
compounds that improve the cheese aroma (Del Toro-Gipson et al. 2020). Exogenous proteinases and peptidases utilised
for accelerated ripening take into account one of the different in�uencing aspects essential to cheese making (Mayer and
Fiechter 2013). These outcomes are in agreement with Law and Wigmore (1983) who reported higher amount of free
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amino acids in the next month of ripening of Cheddar cheese using industrial neutral proteinase (neutrase) and a cocktail
of no-cell extract of Streptococcus lactis in contrast to cheese that is not processed. In this research, the primary free amino
acids in both kinds of cheese were tyrosine, glutamic acid, aspartic acid, lysine, proline, leucine, valine, phenylalanine and
serine. Hannon et al. (2007) found out that the advantages of using attenuated cells of Lactobacillus helveticus as an extra
substance in Cheddar cheese include having remarkably higher amount of amino acids, free amino nitrogen, short
peptides, and development of �avour without an unfavourable effect on cheese quality or texture. The amount of FAAs can
be utilised as precursors for sensory active elements (McSweeney and Sousa 2000).

The remarkable variances in the quantity of the amino acids stated earlier are probably affected not only by the proteolytic
activity of concentration enzymes but also by their alteration into other products, which could in�uence sensory properties
of cheese (Mrázek et al. 2015). High concentration of �avour components on justi�cation of proteolysis could then
produce an unlikable taste in cheese (Mrázek et al. 2015). Also, a �ne balance between proteolysis and peptidolysis avoids
bitterness formation in the cheese (Zhao et al. 2016). Consequently, the relative concentration and ratio of particular amino
acids can signi�cantly affect the �avour pro�le and texture of cheese (Eren-Vapur and Ozcan 2012; Cavanagh et al. 2014).

In addition, free fatty acids have a signi�cant impact on aroma of cheese, either directly by their aromatic tinge, or as signs
of alkanes, carbonyl compounds, alcohols and esters. Thus, free fatty acids can be a cause of cheese aroma or a cause for
bad smell when they exist in high levels (Hou et al. 2014; McCarthy et al. 2017). Short chain fatty acids play a signi�cant
function directly in creating aroma in many ripened cheeses (Delgado et al. 2011; Spelbrink et al. 2015). Free fatty acids,
lactones,, and ethyl esters are �avouring ingredients derived from fat that effect the overall Cheddar cheese essence (Jung
et al. 2013b). Bosset and Gauch (1993) investigate the volatile combinations of six kinds of cheeses and found that the
�avour of these cheeses reliable not on particular key component but it was dependent on weighted concentration ratio of
all compounds existed. The original in�uence of each volatile component to the �avour of cheeses lasts to be largely
unidenti�ed (Fernández-García et al. 2002).

Despite the signi�cant (p ≤ 0.05) impact of some of FAA and total of FFA of commercial and ideal Cheddar cheese, the
information showed that the varieties of aroma compounds released in both types of cheeses were mostly similar to each
other. Aroma of cheese is counted to be the result of a balance among different volatile compounds, which individually do
not exhibit the general odour (Dimitrellou et al. 2014). The results of Vapor Prints™ indicated that the stage of ripening was
successfully followed by the electronic nose device, based on the volatile compounds that were found in the cheese. This
outcome further veri�es the suitability of the electronic nose in distinguishing the aroma compounds in cheese during its
maturation period (Costa et al. 2016).

Finally, the current study exhibits the probability of manufacturing Cheddar cheese with high �avour strength in a relatively
short time (0.6/3 months) by employing P. candidum PCA1/TT031 protease. Among the trials used in this study, favourites
values were given to a PF -3.12, 0.01% concentration of protease. This production was revealed to generate an acceptably
balanced equilibrium between casein and milk fat hydrolysis products without yielding rancid, bitter or texture defect, the
Cheddar cheese acquired the highest scores in all sensory characteristics.

Ideal cheese displayed a slight variation of free amino acids than industrial cheese, while free fatty acids constitution of
commercial Cheddar cheese showed remarkable (p ≤ 0.05) difference in both kinds of cheese. So, the proposition of
“component balance theory” among the cheese compounds is more acceptable and validated since the �avour of cheese is
classi�ed as volatile and contributes to the aroma and soluble in aqueous phase and supply to taste. Hence, the �ndings of
the current study have a number of important implications for future manufacture of matured Cheddar cheese with similar
and even higher economic advantages than normal matured cheese by decreasing the matured time to the 0.6/3 months
of ripening time.

Despite, the signi�cant (p ≤ 0.05) difference between the two cheeses in the short chain fatty acids concentration, free fatty
acids and aroma pro�le sensory assessment did not display any difference in the general acceptability of commercial
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cheese and ideal cheese. Further recent biocatalysts and enhancement of suitable bio-developments, downstream routes
and demonstrating researches need to be acknowledged and advanced for such an impressive objective.

Declarations

Author contribution
AA, NM and AH substantial contributions to conception and design, or acquisition of data, or analysis and interpretation of
data. AA, NM and AH drafting the article or revising it critically for important intellectual content. All authors �nal approval
of the version to be published.

Funding
This research did not receive any speci�c grant from funding agencies in the public, commercial, or not-for-pro�t sectors.

Ethical statement
Compliance with ethical standards/ethical statement for all the panelist participation via obtaining their informed consent
on this research.

Declaration of con�icting interests
 The author(s) declared no potential con�icts of interest with respect to the research, authorship, and/or publication of this
article.

References
Afzaal M, Saeed F, Ateeq H, Ahmed A, Ahmad A, Tufail T, Ismail Z, Anjum FMJFS (2020) Encapsulation of Bi�dobacterium
bi�dum by internal gelation method to access the viability in cheddar cheese and under simulated gastrointestinal
conditions. Food Sci Nutr. 8:2739–2747 

Alhelli AM, Abdul Manap MY, Mohammed AS, Mirhosseini H, Suliman E, Shad Z, Mohammed NK, Meor Hussin AS (2016)
Response surface methodology modelling of an aqueous two-phase system for puri�cation of protease from Penicillium
candidum (PCA 1/TT031) under solid state fermentation and its biochemical characterization. Int. J. Mol. Sci. 17(11):1872

Bao Z, Xiong J, Lin W, Ye J (2016) Pro�les of free fatty acids, free amino acids, and volatile compounds of milk bases
fermented by Lactobacillus casei GBHM-21 with different fat levels. CYTA J Food 14(1):10-17

Batool M, Nadeem M, Imran M, Gulzar N, Shahid MQ, Shahbaz M, Ajmal M, Khan ITJLih, disease (2018) Impact of vitamin
E and selenium on antioxidant capacity and lipid oxidation of cheddar cheese in accelerated ripening. Lipids Health Dis
17(1):79

Bosset J-O, Gauch R (1993) Comparison of the volatile �avour compounds of six European ‘AOC’cheeses by using a new
dynamic headspace GC-MS method. Int Dairy J 3(4-6):359-377

Calasso M, Mancini L, Di Cagno R, Cardinali G, Gobbetti M (2015) Microbial cell-free extracts as sources of enzyme
activities to be used for enhancement �avor development of ewe milk cheese. J Dairy Sci 98(9):5874-5889



Page 14/22

Cavanagh D, Kilcawley KN, O'Sullivan MG, Fitzgerald GF, McAuliffe O (2014) Assessment of wild non-dairy lactococcal
strains for �avour diversi�cation in a mini-Gouda type cheese model. Food Res Int 62:432-440

Costa C, Taiti C, Strano MC, Morone G, Antonucci F, Mancuso S, Claps S, Pallottino F, Sepe L, Bazihizina N (2016)
Multivariate Approaches to Electronic Nose and PTR–TOF–MS Technologies in Agro-Food Products. Electron Noses
Tongues Food Sci:73-82

Creamer lk, Olson Nfjjofs (1982) Rheological evaluation of maturing Cheddar cheese. J Food Sci 47(2):631-636

Deeth H (1976) Fitz Gerald C H. Lipolysis in dairy products: a review. Austral. J. Dairy Technol 2:53-64

Del Toro‐Gipson RS, Rizzo PV, Hanson DJ, Drake MJJoSS (2020) Sensory characterization of speci�c wood smoke aromas
and their contributions to smoked Cheddar cheese �avor. J Sens Stud e12564

Delgado FJ, González-Crespo J, Cava R, Ramírez R (2011) Formation of the aroma of a raw goat milk cheese during
maturation analysed by SPME–GC–MS. Food Chem 129(3):1156-1163

Dimitrellou D, Kandylis P, Sidira M, Koutinas AA, Kourkoutas Y (2014) Free and immobilized Lactobacillus casei ATCC 393
on whey protein as starter cultures for probiotic Feta-type cheese production. J Dairy Sci 97(8):4675-4685

Eren-Vapur U, Ozcan T (2012) Determination of free amino acids in whole-fat Turkish White Brined Cheese produced by
animal and microbial milk-clotting enzymes with and without the addition of starter culture. Mljekarstvo/Dairy 62(4)

Fernández-García E, Carbonell M, Nuñez M (2002) Volatile fraction and sensory characteristics of Manchego cheese. 1.
Comparison of raw and pasteurized milk cheese. J Dairy Res 69(4):579

Franks F (1991) Water activity: a credible measure of food safety and quality? Trends in Food Science & Technology.
Korean J Food Sci Anim Resour 2:68-72

Fuchsmann P, Stern MT, Brügger Y-A, Breme K (2015) Olfactometry pro�les and quantitation of volatile sulfur compounds
of Swiss tilsit cheeses. Journal of agricultural and food chemistry J. Agric. Food Chem. 63(34):7511-7521

Garbowska M, Pluta A, Berthold-Pluta A (2016) Changes during ripening of reduced-fat Dutch-type cheeses produced with
low temperature and long time (LTLT) heat-treated adjunct starter culture. LWT- Food Sci Technol 69:287-294

Grummer J, Schoenfuss T (2011) Determining salt concentrations for equivalent water activity in reduced-sodium cheese
by use of a model system. J Dairy Sci 94(9):4360-4365

Ha H-KJ  (2019) Modern Technologies for the Ripening Acceleration and Flavor Improvement of Cheese.
Korean J Food Sci Anim Resour 8(1):46-57

Hannon J, Kilcawley K, Wilkinson M, Delahunty C, Beresford T (2006) Production of ingredient-type cheddar cheese with
accelerated �avor development by addition of enzyme-modi�ed cheese powder. J Dairy Sci 89(10):3749-3762

Hannon J, Kilcawley K, Wilkinson M, Delahunty C, Beresford T (2007) Flavour precursor development in Cheddar cheese
due to lactococcal starters and the presence and lysis of Lactobacillus helveticus. Int Dairy J 17(4):316-327

Hannon J, Wilkinson M, Delahunty C, Wallace J, Morrissey P, Beresford TJIDJ (2003) Use of autolytic starter systems to
accelerate the ripening of Cheddar cheese. Int Dairy J 13(4):313-323

Hickey D, Guinee T, Hou J, Wilkinson MJIDJ (2013) Effects of variation in cheese composition and maturation on water
activity in Cheddar cheese during ripening. Int Dairy J 30(1):53-58



Page 15/22

Horwitz W (2010) O�cial methods of analysis of AOAC International. Volume I, agricultural chemicals, contaminants,
drugs/edited by William Horwitz. Gaithersburg (Maryland): AOAC International, 1997.

Hou J, Hannon JA, McSweeney PL, Beresford TP, Guinee TP (2014) Effect of curd washing on cheese proteolysis, texture,
volatile compounds, and sensory grading in full fat Cheddar cheese. Int Dairy J 34(2):190-198

Jahadi M, Khosravi-Darani KJMrimc (2017) Liposomal encapsulation enzymes: from medical applications to kinetic
characteristics. Mini Rev Med Chem 17(4):366-370

Jung H-J, Ko E-J, Kwak H-S (2013a) Comparison of Physicochemical and Sensory Properties between Cholesterol-removed
Gouda Cheese and Gouda Cheese during Ripening. Asian- Asian-Australas J Anim Sci 26(12):1773

Jung H, Ganesan P, Lee S, Kwak H (2013b) Comparative study of �avor in cholesterol-removed Gouda cheese and Gouda
cheese during ripening. J Dairy Sci 96(4):1972-1983

Kaminaries S, Scordobeki A, Zoidou E, Moatsou GJJotHVMS (2019) Biochemical characteristics of reduced-fat cheese
made from high-heat treated goat’s milk supplemented with Penicillium candidum. J Hellenic Veterinary Medical Society
70(3):1669-1678

Karaca OB, Güven MJF (2018) Effects of proteolytic and lipolytic enzyme supplementations on lipolysis and proteolysis
characteristics of white cheeses.Foods 7(8):125

Kendirci P, Salum P, Bas D, Erbay ZJF, Processing B (2020) Production of enzyme-modi�ed cheese (EMC) with ripened white
cheese �avour: II-Effects of lipases. Food and Bioproducts processing 117(287-301) 

Khan UM, Ahmad I, Inayat S, Amin HMA, Selamoglu ZJTJoA-FS, Technology (2019) Physicochemical Properties of Cheddar
Cheese made from Citrus reticulata Blanco Crude Flowers Extract. Turk J Agric 7(6):856-860

Khattab AR, Guirguis HA, Taw�k SM, Farag MAJTifs, technology (2019) Cheese ripening: A review on modern technologies
towards �avor enhancement, process acceleration and improved quality assessment. Trends Food Sci Technol 88(343-
360)

Kuchroo C, Fox PJMMsi (1982) Soluble nitrogen in Cheddar cheese: comparison of extraction procedures. Milk Sci Int
(1982)

Law BA, Wigmore AS (1983) Accelerated ripening of Cheddar cheese with a commercial proteinase and intracellular
enzymes from starter streptococci. J Dairy Res 50(04):519-525

Luo T, Guo T, Yu Z, Chen C, Cao Y, Yang ZJSKFS (2019) Physicochemical properties of exopolysaccharide from Tibet ke�r
and its application in Cheddar cheese. Shipin Kexue / Food Sci 40(18):121-129

Manaf YN, Osman A, Lai OM, Long K, Ghazali HM (2008) Characterisation of musk lime (Citrusmicrocarpa) seed oil. J
Sci Food Agric 88(4):676-683

Mane A, McSweeney PLJJoFB (2020) Proteolysis in Irish farmhouse Camembert cheese during ripening. J Food Biochem
44(1):e13101

Marcos A (1993) Water activity in cheese in relation to composition, stability and safety Cheese: chemistry, physics and
microbiology. Springer, Boston, MA, pp 439-469

Margolies BJ, Barbano DMJJods (2018) Determination of fat, protein, moisture, and salt content of Cheddar cheese using
mid-infrared transmittance spectroscopy. J Dairy Sci 101(2):924-933

https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Shipin+Kexue+%2f+Food+Science%22


Page 16/22

Marilley L, Casey M (2004) Flavours of cheese products: metabolic pathways, analytical tools and identi�cation of
producing strains. Int J Food Microbiol 90(2):139-159

Mayer HK, Fiechter G (2013) Application of UHPLC for the determination of free amino acids in different cheese varieties.
Anal Bioanal Chem 405(25):8053-8061

McCarthy CM, Kelly PM, Wilkinson MG, Guinee TP (2017) Effect of fat and salt reduction on the changes in the
concentrations of free amino acids and free fatty acids in Cheddar-style cheeses during maturation. J Food Compost Anal
59, 132-140.

McCarthy CM, Wilkinson MG, Kelly PM, Guinee TPJIDJ (2016) Effect of salt and fat reduction on proteolysis, rheology and
cooking properties of Cheddar cheese. Int Dairy J 56:74-86

McSweeney PL, Sousa MJ (2000) Biochemical pathways for the production of �avour compounds in cheeses during
ripening: A review. Le Lait 80(3):293-324

Mirhosseini H, Tan CP, Hamid NS, Yusof S (2008) Effect of Arabic gum, xanthan gum and orange oil on �avor release from
diluted orange beverage emulsion. Food Chem X 107(3):1161-1172

Mrázek J, Pachlová V, Buňka F, Černíková M, Dráb V, Bejblová M, Staněk K, Buňková L (2015) Effects of different strains
Penicillium nalgiovense in the Nalžovy cheese during ripening. J Sci Food Agri 96(7), 2547-2554

Nateghi LJJoIiFS, Technology (2017) Study of physicochemical, sensory and microbiological properties of probiotic
cheddar cheese during storage period. J Inno Food Sci Technol 9(2)

Niro S, Fratianni A, Tremonte P, Sorrentino E, Tipaldi L, Pan�li G, Coppola R (2014) Innovative Caciocavallo cheeses made
from a mixture of cow milk with ewe or goat milk. J dairy Sci 97(3):1296-1304

Nuñez M, Guillén A, Rodríguez-Marín M, Marcilla A, Gaya P, Medina MJJoDS (1991) Accelerated ripening of ewes’ milk
Manchego cheese: the effect of neutral proteinases. J Dairy Sci 74(12):4108-4118

Rani S, Jagtap SJJofs, technology (2019) Acceleration of Swiss cheese ripening by microbial lipase without affecting its
quality characteristics. J Food Sci Technol 56(1):497-506

Rozan P, Kuo Y-H, Lambein F (2000) Free amino acids present in commercially available seedlings sold for human
consumption. A potential hazard for consumers. J Agric Food Chem 48(3):716-723

Ruyssen T, Janssens M, Van Gasse B, Van Laere D, Van der Eecken N, De Meerleer M, Vermeiren L, Van Hoorde K, Martins J,
Uyttendaele M (2013) Characterisation of Gouda cheeses based on sensory, analytical and high-�eld 1 H nuclear magnetic
resonance spectroscopy determinations: Effect of adjunct cultures and brine composition on sodium-reduced Gouda
cheese. Int Dairy J 33(2):142-152

Singh P, Shera SS, Banik J, Banik RMJBt (2013) Optimization of cultural conditions using response surface methodology
versus arti�cial neural network and modeling of L-glutaminase production by Bacillus cereus MTCC 1305. Bioresour
Technol 137:261-269

Soleimani-Rambod A, Zomorodi S, Naghizadeh Raeisi S, Khosrowshahi Asl A, Shahidi S-AJC (2018) The effect of xanthan
gum and �axseed mucilage as edible coatings in cheddar cheese during ripening. Coatings 8(2):80

Sood V, Kosikowski FJJoDS (1979) Accelerated Cheddar cheese ripening by added microbial enzymes. J Dairy Sci
62(12):1865-1872

https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Journal+of+Innovation+in+Food+Science+and+Technology%22


Page 17/22

Spelbrink RE, Lensing H, Egmond MR, Giuseppin ML (2015) Potato patatin generates short-chain fatty acids from milk fat
that contribute to �avour development in cheese ripening. Appl Biotechnol Biochem 176(1):231-243

Verzera A, Condurso C, Ziino M, Romeo V, Todaro M, Conte F, Dima G (2010) Free fatty acids and other volatile compounds
for the characterisation of “Vastedda della valle del Belìce” cheese Acidos grasos libres y otros constituyentes volátiles
para la caracterización de queso “Vastedda della vella del Belìce”. CyTA–J Food 8(3):237-243

Walsh EA, Diako C, Smith DM, Ross CFJJoFS (2020) In�uence of storage time and elevated ripening temperature on the
chemical and sensory properties of white Cheddar cheese. J Food Sci 85(2): 268-278

Xu Q, Shen Y, Wang H, Zhang N, Xu S, Zhang L (2013) Application of response surface methodology to optimise extraction
of �avonoids from fructus sophorae. Food chem 138(4):2122-2129

Zhao CJ, Schieber A, Gänzle MG (2016) Formation of taste-active amino acids, amino acid derivatives and peptides in food
fermentations–A review. Food Res Int 89:39-47

Zhao Z, Bermudez SC, Ilyas A, Muylaert K, Vankelecom IFJS, Technology P (2020) Optimization of negatively charged
polysulfone membranes for concentration and puri�cation of extracellular polysaccharides from Arthrospira platensis
using the response surface methodology. Sep Purif Technol 117385

Figures

Figure 1

Response surface plots of the central composite design for the interaction effects of (a) PF of protease and protease
concentration (b) PF of protease and ripening time on pH of Cheddar cheese acceleration ripening
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Figure 2

Response surface plots of the central composite design for the interaction effects of PF of protease and concentration of
protease on puri�cation factor of protease on ADV of Cheddar cheese acceleration ripening
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Figure 3

Response surface plots of the central composite design for the interaction effects of protease PF and ripening time on
moisture of Cheddar cheese acceleration ripening

Figure 4

Response surface plots of the central composite design for the interaction effects of protease PF and its concentration on
water activity of Cheddar cheese acceleration ripening
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Figure 5

Response surface plots of the central composite design for the interaction effects of (a) protease PF and its concentration
(b) protease PF and ripening time on soluble nitrogen of Cheddar cheese acceleration ripening
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Figure 6

Response surface plots of the central composite design for the interaction effects of (a) protease PF and its concentration
(b) protease PF and ripening time (c) protease concentration and ripening time on fat of Cheddar cheese acceleration
ripening



Page 22/22

Figure 7

Response surface plots of the central composite design for the interaction effects of (a) protease PF and its concentration
(b) protease PF and ripening time on overall acceptability of Cheddar cheese acceleration ripening
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