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Jben is a popular traditional cheese in Algeria and North Africa, usually made from raw rumi-
nant's milk, especially cow. Artisanal production methods are still used in many regions, espe-
cially during the abundant milk production season. This study aimed to evaluate and compare
the effect of various coagulants (of animal and plant origin) on physicochemical parameters,
fatty acids (FAs) profile and lipid quality indices in the traditional fresh cheese "Jben". These pa-
rameters were analyzed in Jben samples made with vegetable rennet (CVR) from Cynara cardun-
culus, which were compared with Jben cheeses made using lamb rennet (CLR). The physico-
chemical characterization showed that pH, titratable acidity, dry matter, fat, and protein con-
tents were 6.19, 92.5 °D, 43.7 g/100 g, 23.4 g/100 g and 15.2 g/100 g cheese, respectively for
CVR; and 5.21, 80.3 °D, 50.1 g/100 g, 20.6 g/100 g and 13.8 g/100 g cheese, respectively for
CLR. The FAs composition was determined using gas chromatography-mass spectrometry (GC-
MS) method. For CLR, FAs comprised 0.09-28.8% saturated fatty acids (SFAs), 0.85-27.68%
monounsaturated fatty acids (MUFAs), and 3.22% of polyunsaturated fatty acids (PUFAs);
whereas FAs of CVR included 0.22-27.81% SFAs, 1.10-28.16% MUFAs, and 3.07% PUFAs. The
predominant FAs identified in all cheeses were C16:0, C18:0 and C18:1(9), with 28.80%,
13.37%, and 27.68% of total FAs, respectively for CLR, and 27.81%, 13.07%, and 28.16%, re-
spectively for CVR. The lowest level of SFAs was observed in CVR, which had the most benefi-
cial health indices with atherogenicity index (2.19), thrombogenicity index (2.91), desirable
fatty acid ratio (49.40%) and high hypocholesterolemic/hypercholesterolemic fatty acid ratio
(0.72).

Abbreviations: CLR, cheese made with lamb rennet. CVD; cardiovascular disease. CVR, cheese made with vegetable rennet. FA; fatty acid, GC-MS; gas
chromatography-mass spectrometry. LCFA, long chain saturated fatty acid; from C18:0 to C24:0.. MCFA, medium chain saturated fatty acid; from C12:0 to C17:0.
MUFA, mono unsaturated fatty acid. PUFA; poly unsaturated fatty acid. RDA, redundancy analysis. SCFA; short chain saturated fatty acid, from C4:0 to C10:0. SFA;

saturated fatty acid. UFA, unsaturated fatty acid.
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1. Introduction

Food processing aims to ensure the preservation of nutrients to defer consumption in space and time and to expand products with
a broad range of textures and tastes to meet sensory requirements (Jeantet et al., 2007). Milk is one of those foods that require ade-
quate processing. Its perishability halts the promotion of the dairy sector, because milk begins to deteriorate approximately a few
hours after milking. Given its highly perishable nature, it undergoes many treatments to extend its shelf life, which is why rural inhab-
itants transform milk into several traditional products (Mutwedu et al., 2018). Traditional foods are part of the heritage of each peo-
ple, and we meet and live recipes, surrounded by an ancestral know-how passed on from generation to generation. Among these
foods, traditional cheeses, which represent one of the most important varieties of cheese produced in the world (Fox et al., 2017;
Hayaloglu et al., 2002; Irlinger and Mounier, 2009). Traditional cheeses, in particular those produced from raw milk are associated
with the territory of origin, eliciting particular characteristics better known as ‘Biodiversity Factors’. These factors are due to the
landscape, climate, type and plant composition of natural pasture, animal breed and to all those cultural and historical aspects charac-
terizing a specific geographical area (Senoussi et al., 2021, 2022). The combination of all these factors leads to produce a typical
cheese, which has the potential to develop into a territorial brand (Papademas and Bintsis, 2017).

In Algeria, local dairy products including cheeses have been disappearing because of the industrialization of the majority of tradi-
tional preparation methods for many original products. Also, the rural exodus provoked the demise of ancestral tradition like the tra-
ditional manufacture of these products (Medjoudj et al., 2020). Algerian traditional cheeses are divided into different classes includ-
ing: processed cheeses (Medghissa), ripened cheeses (Bouhazza), hard cheeses (Klila, Takammart), and fresh cheeses (Ighounane, Me-
chouna, Jben) (Leksir et al., 2019). Jben is among the most famous traditional varieties, the production method of which remains in
use today, and its consumption is increasing due to its pleasant sensory and nutritional properties (Dahou et al., 2015). Although Jben
is a traditional cheese widely made and enjoyed throughout the country, especially in the east, no scientific data has been published
regarding the effect of various coagulants on its characteristics and compositions. Information about its manufacturing technology is
still very limited (Senoussi et al., 2022).

Jben is a traditional fresh cheese, made from raw milk of ruminant curdled by coagulating enzyme of vegetable or animal origin
after a stage of spontaneous acidification (Hayaloglu, 2017; Medjoudj et al., 2020). Enzymatic coagulation of milk is the critical step
in cheesemaking, and the types of milk-clotting enzymes play an important role in this process (Liu et al., 2021). The effect of these
milk-clotting enzymes involves the enzyme-mediated cleavage of k-casein at the peptide bond Phel05-Met106, leading to casein mi-
celles destabilization which induces milk clotting. In addition, milk-clotting enzymes have a larger proteolytic activity towards o-
and p-caseins at much lower rates than with k-casein (Fogeiro et al., 2020). As a result, coagulation agents influence micellar aggre-
gation, which is a key element in the defining of curd features and the ultimate gel hardness, which may affect cheese moisture con-
tent, texture and flavor (Gomes et al., 2019). Knowing that, the most enzymatic preparations used for cheesemaking have been ex-
tracted from the stomachs of ruminants (calf, lamb), but coagulants from microorganisms and plants have also been used at very
early dates (Maskey and Shrestha, 2020). For this reason, in addition to cheesemaking conditions, it is essential to understand micro-
biological, biochemical modifications and fatty acid characteristics during cheese manufacturing in order to produce a product of
high hygienic quality (Benyagoub et al., 2016).

Because nutrition and health statuses of dairy product consumers matter, it is important to determine the fatty acid profile of
cheese (Kilcawley and Mannion, 2017). Cheese is an essential source of fat in the human diet as it contains a large amount of several
fatty acids (FAs). From a nutritional standpoint, various forms of cheese include a high percentage of digestible fat, meaning that the
fat globules are smaller. Its digestibility is in the range of 88-94% (Barac et al., 2018). Nevertheless, saturated fatty acids (SFAs), the
main group of FAs in cheese, have been linked to cardiovascular diseases, giving cheese a negative nutritional reputation. However,
several studies suggest that SFA is one of the factors responsible of cardiovascular disease (CVD), to date there is not any solid scien-
tific evidence to yet showing a causal relationship between dairy products or milk fat and heart diseases (Kanekanian, 2014). In addi-
tion, short-chain FAs, which are abundant in cheese, are crucial for promoting human health. For example, butyric acid has been
demonstrated to have anti-inflammatory activity and to prevent the evolution of colon and mammary cancers (Gomez-Cortés et al.,
2018; Hanus et al., 2018). According to the type of milk used and the manufacturing process, the composition and content of fatty
acid groups (saturated, monounsaturated and polyunsaturated fatty acids) present in the cheese can differ significantly (Markiewicz-
Keszycka et al., 2013; Paszczyk et al., 2020).

In fact, there is very little research on Algerian cheeses, especially Jben products, few data available on the biochemical and FA
properties of Jben and its manufacturing process. The purpose and novelty of this investigation was to examine and compare the effect
of various coagulants (of animal and plant origin) on cheese physicochemical parameters, FA profiles and lipid quality indices in the
traditional fresh cheese "Jben". In addition, this study aimed to determine the influence of principal component parameters on the dis-
tribution and concentration of FAs in Jben cheeses made using different milk-clothing agents. Due to the importance of cheese in hu-
man diet, this comparative study of Jben cheese compounds is expected to deepen our understanding about the nutritional value of
traditional dairy products.

2. Materials and methods

2.1. Sample collection and transport

The milk samples were taken just after milking; a quantity of milk (4 L) was taken and put into clean coolers. The samples were
then brought directly to the laboratory in sterile and refrigerated containers (4 °C) until analysis. These samples were prepared and
collected in different localities in eastern Algeria.
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2.2. Preparation of clotting agents

For the animal rennet, we have prepared our rennet from lamb rennet cut into strips then shed dried. Drying time is two weeks in
hot seasons but can last up to 1-2 months in cold seasons. While for cardoon flowers (Cynara cardunculus) in order to obtain optimum
coagulant activity and higher extraction yield, cardoon flowers should be harvested at an advanced stage of flowering (dark purple),
from fresh flower heads and well developed then kept in a cloth to dry at room temperature and away from direct sunlight, in a well-
ventilated place for 10-20 days (Roseiro et al., 2003; Aquilanti et al., 2011).

2.3. Cheesemaking process

In the traditional procedures of Jben preparation, raw cow's milk is usually used. The milk is first strained to remove any coarse
impurities it may contain, then it is heated in a container to 40 °C for 10 min, then a piece of lamb rennet locally called Hakka (about
1g of rennet paste in 4 L of milk for CLR) is put into a porous cloth and the latter is immersed in the milk while it is moderately heated,
causing the milk to curdle. After coagulation, the coagulum is drained and poured into fine cloth bags. These bags are then hung up to
let the whey drain at room temperature. The length of time the curd is exposed to air depends on the desired consistency of the paste.
Generally, the dough obtained is purely lactic, it is often poorly welded and very humid. Once drained, the curd is divided into small
pieces and put in glass boxes. For the second type of Jben (CVR), we followed the same process but this time the rennet used consisted
of cardoon flowers (a quantity of 2 g of dried flower in 4 L of milk). Knowing that, our process of transforming milk into cheese (Jben)
followed the protocol and technique described by Lahsaoui (2009) (Fig. 1). For each coagulant, two cheese samples (2 replicates)
were produced using the same milk batch.

[ | cow raw milk |
| Clarificationand filtration with a sieve |
| Warming to 40 °C for10 min |
c | 5
=
£
o Lamb rennet (LR)
0 (locally called Hakka)
%
< |\/|
o : "
S| | Mikecurding 2h) |

| Whey draining (6h) |

| Jben (CLR) |

B Physicochemical characterization
Fatty acid profiling
s Lipid quality indices
%
% Physicochemical Soxhlet method
s analysis GC/MS
: U U
<
S
> pH / Acidity < Saturated FA
Dry matter Mono-unsaturated FA
Protein content Poly unsaturated FA

Fig. 1. Diagram of the preparation of the traditional cheese “Jben”.
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2.4. Determination of physicochemical properties

The following methods were used to determine composition and physicochemical characteristics of cheese samples. All trials were
conducted in triplicate.

2.4.1. pH
A slurry was established from a 10 g of ground cheese sample using distilled water (90 mL), then the pH of the homogenate was
assessed using a pH-meter (PHM 211, Meter Lab® standard) (Benamara et al., 2016).

2.4.2. Titratable acidity

Total acidity was measured using Nielsen's method. Ten grams of cheese were placed into a 50 mL beaker and then 10 mL of dis-
tilled water was added with a graduated pipette and mixed with a magnetic stirrer. The mixture is titrated with a solution of NaOH
(0.1N) until the color changed to pink, in the presence of phenolphthalein as a colored indicator (Nielsen, 2017).

2.4.3. Dry matter content

The standard procedure “NF ISO (5534:2004)” was used to measure the content of dry solids of cheese (ISO, 2004). The Jben sam-
ples were placed in an oven at 102 * 2 °C for 24 h. Weighing was done after cooling and once the sample has reached a constant
weight, the dry extract was calculated.

2.4.4. Total nitrogen content

The ISO standard was used to measure the total nitrogen (8968-1: ISO, 2014). A first step of mineralization was performed on the
samples using a K-438 mineralizer coupled to a Scrubber B-414 for 270 mn. Then, the mineral matter was distilled with a mixture of
water + sodium hydroxide at 32% and titrated with 0.1N sulfuric acid using a K-370 distillation apparatus (Buchi, Rungis, France),
and the protein content was estimated by multiplying total nitrogen by a factor of 6.38.

2.4.5. Fat content

With the use of a Soxhlet extraction equipment, the amount of fat was measured (AOAC, 2005). A weigh of 5 g of grounded and
dried cheese wrapped in filter paper were placed in a Soxhlet extraction thimble. Then, a flask filled with a solvent (petroleum ether)
was heated so the solvent moves through the sample and extracts the fats and transports them into the flask. The extraction procedure
should be continued for nearly 4-5 h. The solvent was evaporated after the extraction was finished, and the amount of lipid remain-
ing was measured.

2.5. Fatty acid analysis

2.5.1. Fat extraction
Gravimetric determination of the fat content (g/100 g of cheese) was carried out after Soxhlet extraction according to the method
given in ISO 14156:2001 (ISO, 2001).

2.5.2. Preparation of fatty acid methyl esters

The ISO standard 15884 method was used to convert FA to fatty acid methyl esters (FAMEs) (ISO, 2002a). Briefly, in order to dis-
solve the concentrated fat, 2.5 mL of hexane was mixed with 50 mg of extracted lipid inside an airtight ampoule. A volume of 100 pL
of 2 mol/L methanolic potassium hydroxide was then introduced. Then, 0.25 g of sodium hydrogen sulfate monohydrate
(NaHSO4-H,0) was added, and the mixture was spun for 3 mn. Finally, GC-MS examination of the produced methyl esters was per-
formed on the top layer.

2.5.3. GC-MS analysis

The IDF technique (15885: 1SO, 2002b) was used to evaluate FAMEs by GC-MS. The separation of FAMEs was quantified by GC
(Hewlett Packard Agilent 6890, USA) equipped with Mass Spectrometer (Hewlett Packard Agilent 5973, USA). The conditions for GC-
MS analysis were as follows: splitless injection was performed (1 pL) at 250 °C using an HP-5MS fused silica capillary column with an
internal diameter of 0.25 mm and a length of 30 m. The oven temperature was set as follows: 40 °C for 4 min, 10 °C/min, up to
140 °C, isothermal for 1 min, 2 °C/min up to 240 °C, isothermal for 15 min. The analysis took 80 min to complete. At a flow rate of
1 mL/min, Helium (purity N6) was used as the carrier gas. Using a mass detector with the following characteristics: source tempera-
ture was maintained at 250 °C, type of ionization was electron impact at 70 eV, analysis mode was scan TIC (30-500 m/z), and mass
analyzer type was quadrupole. The identification of common FAs was carried out by comparing their mass spectra data to those ac-
quired using NIST 02.L [US National Institute of Standards and Technology (NIST), Gaithersburg, MD, USA] (Barac et al., 2018).

2.6. Lipid quality indices
To determine the lipid quality indices, the amount of FAs in the fat recovered from cheese samples was employed. They were de-
termined using the subsequent equations.

2.6.1. Index of atherogenicity (IA)
(Equation (1)) (Ulbricht and Southgate, 1991; Omri et al., 2019):
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2.6.2. Index of thrombogenicity (IT)
(Equation (2)) (Willett et al., 1993; Simopoulos, 2002):

(C14:0+Cl16: 0+CI8 : 0)
[(0.5><ZMUFA)+(O‘SXZn—é)+(3x2n—3)+(2n—3/2n—6)] @

2.6.3. Hypercholesterolemic fatty acids (OFA)
(Equation (3)) (Barac¢ et al., 2018):

IT =

OFA = C12:0 + C14:0 + C16:0 3)

2.6.4. Hypocholesterolemic fatty acids (DFA)
(Equation (4)) (Osmari et al., 2011):

DFA = Y MUFA + Y PUFA + C18:0 4

2.6.5. Hypocholesterolemic and hypercholesterolemic ratio (H/H)
(Equation (5)) (Ivanova, and Hadzhinikolova, 2015):
(C18: In—-9+Cl18 : 2n—-6+Cl18 : 3n—3)

H/H = (CI2:0+Cl4:0+Cl6: 0) )

Where: C12:0 = Lauric acid, C14:0 = Myristic acid, C16:0 = Palmitic acid, C18: 0 = Stearic acid, XsMUFA = sum of monounsatu-
rated fatty acids, ®PUFA = sum of polyunsaturated fatty acids, £n-3 = sum of n-3PUFA, En-6 = sum of n-6PUFA.

2.7. Statistical analysis

Using sample-based data, the variation of each physicochemical parameter (pH, titratable acidity, dry matter content, fatty mat-
ter, total nitrogen content and protein content) between CVR and CLR was tested using the non-parametric Kruskal-Wallis one-way
analysis of variance (ANOVA). Prior ANOVA testing, normality was verified using Shapiro-Wilk test. Pearson correlations were ap-
plied to test the relationships between physicochemical parameters analyzed in Jben cheese made using each of the two milk-clotting
agents (lamb rennet and flowers of Cynara cardunculus). The correlation matrices were visualized in an interactive plots using the
package {corrplot} (Wei and Simko, 2021) under R software version 4.2.1 (R Core Team, 2022). Pearson's Chi-squared tests were
used to test the variation FA abundances between the CVR and CLR. Statistical significance was fixed to alpha = 0.05. The similarity
of FA composition among CVR and CLR was analyzed using two abundance based similarity metrics, namely Morisita-Horn overlap
index and Bray-Curtis metric. To understand the relationships of physicochemical characteristics of CVR and CLR on composition and
abundance of different FAs, a redundancy analysis (RDA) was executed using the {vegan} package in R.

3. Results

3.1. Physicochemical composition

Fig. 2 illustrates the effect of milk-coagulant type (i.e. lamb rennet and cardoon flowers) on the gross physicochemical composi-
tion (pH, titratable acidity, dry matter, fat and protein content) of traditional fresh cheese ‘Jben’ made from cows' milk. Most chemi-
cal parameters, including pH, titratable acidity and fat content, were quite among the two types of coagulants. However, in all cases,
except the protein content, values of the physicochemical parameters differed significantly (p < 0.05) between CLR and CVR.

Results of pH indicated that the samples had acidic pH with 5.21 *+ 0.35 (mean = standard deviation) for CLR and 6.19 + 0.23
for CVR. The values of titratable acidity and fat content of the samples analyzed averaged 80.3 = 8.13 °D to 92.5 + 2.60 °D and
20.6 = 2.23 g/100 g to 23.4 = 2.23 g/100 g for CLR and CVR, respectively (Fig. 2). In addition, the lowest dry matter values were
determined in CVR (43.7 = 3.93 g/100 g) whereas CLR showed the highest dry matter content (50.1 + 7.25 g/100 g). The average
levels in proteins were 13.8 + 2.02 g/100 g cheese for CLR, whereas CVR samples recorded 15.2 + 2.11 g/100 g.

3.2. Interrelationships between cheese physicochemical parameters

Pearson correlations (Fig. 3) revealed that the fat and protein contents in Jben CLR were non-correlated to all other cheese vari-
ables. Conversely, there was a good relationship between pH, titratable acidity and dry solids content in LRC. A strongly negative cor-
relation (r = -0.95, p < 0.001) was found between pH and titratable acidity. A significant negative correlation between dry solids
and pH was also observed. On the other hand, a strong positive correlation (p < 0.05) was detected between fat and protein contents
also between dry matter content and titratable acidity (r = 0.70). In regards to CVR, there ware many significant correlations among
physicochemical parameters (Fig. 3). Strong positive correlations (p < 0.05) were found between fat content, protein and dry solids,
whereas, the pH was negatively correlated with titratable acidity.
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Fig. 2. Variation of principal physicochemical component parameters of Jben cheese made using two milk-clotting agents (lamb and vegetable). Figures displayed in-
side the solid white circles are means. P-value presented between brackets within plots are results of Kruskal-Wallis one-way analysis of variance.

3.3. Cheese FAs composition

The composition of FAs in the total fat (% of total FAs) obtained from Algerian traditional fresh cow's cheeses is shown in Table 1.
Chromatograms of GC/MS for CLR and CVR samples are given in Fig. 4. According on the type of cheese, up to fifteen FAs were found
under the experimental circumstances utilized in this work. Ten of these were SFAs, while the remaining five were UFAs (MUFAs and
PUFAs). The studied traditional fresh cow's cheeses generally had identical qualitative fatty acid compositions in both cheeses (Pear-
son's Chi-squared test: 2 = 0.361, df = 14, p = 0.99). Our finding demonstrated that SFAs were predominant in both cheese sam-
ples, constituting 65.88% of FAs in CVR and 64.3% in CLR. MUFAs and PUFAs reached a value of 30.22% and 3.22% for CVR and of
32.63 and 3.07% for CLR, respectively (Fig. 4). The most abundant SFAs in all cheeses were, myristic acid (C14:0), the stearic acid
(C18:0) and the palmitic acid (C16:0). These FAs constituted 12.17-11.69%, 13.37-13.07% and 28.80-27.81% of all identified FAs of
CVR and CLR, respectively (Fig. 5). Pearson's Chi-squared tests revealed no significant difference (p > 0.05) for each FA concentra-
tion between CVR and CLR.

The fatty acid that contributed most to the profile of UFAs was oleic acid (C18:1 n9cis). The second most abundant MUFA was
C16:1, identified in CVR, which was almost equal to its content CLR. For C17:1 its value in CVR likewise surpassed its amount in CLR.
Content of C14:1 was almost as low as the C16:1 content for the highest type (CVR) and for the lowest type (CLR). Oleic acid (C18:1 n-
9 cis) found in all of the cheese samples examined correspond to the predominant acid of the MUFA group (Table 1), which values ob-
tained were 28.16 and 27.68 for CLR and CVR, respectively. Regarding PUFAs in CVR and CLR products, only linoleic acid (C18:2 n-6
cis) was present with 3.22% and 3.07%, respectively. In case of short chain saturated fatty acid (SCFA) content, there were no appre-
ciable differences between CLR (5.66%) and CVR (5.46%). The medium chain saturated fatty acid (MCFA) levels in the examined
cheeses were comparable. For instance, palmitic acid (C16), which was more prevalent and higher in CLR than CVR, was the most
prevalent MCFA, in contrast, myristic acid (C14), which was more abundant in CLR than CVR, was the second most prevalent fatty
compound. Though C18 (stearic, oleic and linoleic) was the most representative FA among long-chain fatty acids (LCFAs), this class of
FAs was practically the same in CVR (44.52%) as compared with CLR (44.36%).

3.4. Similarity analysis

As shown in Fig. 6, the 15 FAs identified were shared between the two Jben cheeses made using two milk-clotting agents. Overall,
a total of 15 FAs were determined using GC-MS method. 111 these FAs were present in both CLR and CVR, thus the qualitative similar-
ity reached100%. However, the abundance based similarity metrics based on these 15 FAs was slightly different but remained very
high, with a Bray-Curtis metric = 92% and Morisita-Horn overlap index = 96%.

6
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Fig. 3. Correlation matrix between physicochemical parameters analyzed in Jben cheese made using two milk-clotting agents (lamb and vegetable). Pearson coeffi-
cients are mapped proportionally to values in pie chart and color intensity, whereas p-values of the tests are shown in values below the diagonal.

3.5. Lipid quality indices

The results of the current study indicated that CVR and CLR had slightly different values for the lipid quality indices (Table 2). For
the CLR, it was determined that the levels of DFA (47.49), Al (2.43), TI (3.18), and USFA/SFA ratio (0.51) were undesirable. In con-
trast, the beneficial lipid indices were observed in CVR with DFA (49.4), AI (2.19), TI (2.91) and USFA/SFA (0.55). The CLR and CVR
products showed H/H ratios of 0.68 and 0.72, respectively. While, the undesired hypercholesterolemic fatty acids (OFA) value in CLR
was lower (43.28) than in CVR (44.88).

In addition, among the health indices investigated, the MUFA/SFA and PUFA/SFA ratios were influenced by the milk-clotting
agents. This was due to the higher MUFA content and the lower SFA content of CVR and the lower MUFA and the higher SFA of CLR.
MUFA/SFA ratio was higher in CVR (0.50) than in CLR (0.45). Regarding the values for PUFA/SFA found in our cheese samples were
at a similar level (0.048 for CLR and 0.048 for CVR). Regarding the CLR, it was determined that the levels of DFA (47.49), Al (2.43),
TI (3.18), and USFA/SFA ratio (0.51) were unfavorable.

Additionally, the milk-clotting agents had an impact on the MUFA/SFA and PUFA/SFA ratios among the health indices examined.
Due to the lower SFA and higher MUFA levels of CVR, MUFA/SFA ratio was higher in CVR (0.50) than in CLR (0.45). Regarding the
PUFA/SFA ratio that we obtained in the analyzed cheese samples, they were at a comparable level (0.048 for CLR and 0.048 for CVR).

3.6. Relationships between physicochemical parameters and fatty acids in both cheeses

The redundancy analysis (RDA) revealed the relationships between physicochemical characteristics and FAs in both cheeses CLR
and CVR (Fig. 7). The contribution of each studied variable in the RDA triplot was assessed by the length of each vector. The first fac-
torial axis (RDA1) of the RDA triplot explained 95.3%, and the second factorial axis (RDA2) explained 4.7% of the total variation in
the data. The RDA demonstrated that pH, titratable acidity, protein and fat content were positively correlated with FAs from CVR
(myristic, pentadecanoic, palmitic, heptadecenoic, margaric oleic and arachidic) suggesting that pH and titratable acidity had strong
effects on the FAs in CVR. In contrast, there was a negative association between these FAs and dry matter. Whereas, the FAs: palmi-
toleic, caproic, caprylic, capric, lauric, myristoleic, stearic and linoleic from CLR were negatively correlated with pH, titratable acid-
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Table 1
Fatty acid content of traditional cheeses (% of total fatty acids).

Fatty acid methyl esters % (CLR) % (CVR)
Common name Formula

Caproic C6:0 1.52 1.38
Caprylic C8:0 1.25 1.22
Capric C10:0 2.89 2.88
Lauric C12:0 3.91 3.78
Myristic C14:0 12.17 11.69
Pentadecanoic C15:0 1.28 1.50
Palmitic C16:0 28.80 27.81
Margaric C17:0 0.60 0.75
Stearic C18:0 13.37 13.07
Arachidic C20:0 0.09 0.22
Saturated fatty acids (SFAs) 65.88 64.3
Myristoleic Cl4:1 0.85 1.10
Palmitoleic Cl6:1 1.48 2.21
Heptadecenoic C17:1 0.89 1.16
Oleic C18:1 n-9 cis 27.68 28.16
Monounsaturated fatty acids (MUFAs) 30.09 32.63
Linoleic C18: 2 n-6 cis 3.22 3.07
Poly unsaturated fatty (PUFAs) 3.22 3.07
Unsaturated fatty acids (UFAs) 34.12 35.7
SCFAs 5.66 5.48
MCFAs 49.98 50
LCFAs 44.36 44.52

SFA: Saturated Fatty Acids; MUFA: Mono Unsaturated Fatty Acids; PUFA: Poly Unsaturated Fatty Acids.
SCFAs: Short Chain Saturated Fatty Acids from C4:0 to C10:0; MCFAs: Medium Chain Saturated Fatty Acids from C12:0 to C17:0; LCFAs: Long Chain Saturated Fatty
Acids from C18:0 to C24:0.

ity, protein and fat content, but were positively correlated with dry matter. In this study, CLR was characterized by considerable dry
matter content and was different from CVR; poor in terms of nutrition status. Because it contained the lowest levels of protein, fat and
titratable acidity compared to the other tested cheese. On the contrary, CVR was characterized by its high content of proteins, fat con-
tent, titratable acidity and pH.

4. Discussion

4.1. Physicochemical composition

Obviously, the type of rennet utilized in Jben cheesemaking had an impact on all parameters examined, including pH, titratable
acidity, fat content, dry solids, and protein content levels. Due to the lack of production standards, cheese pH ranged from 5.21 for the
CLR to 6.19 for the CVR, with significant variations between samples. ANOVA testing the variation of pH values (Fig. 2) showed that
there was significant difference (p < 0.05) between (CVR) and (CLR). Yet, these pH measurements in cheese samples are consistent
with previous studies (El-Kholy, 2015; Gulzar et al., 2019; Islam et al., 2021). However, the possible variation may be due to the pro-
cessing techniques, effect of coagulants, incubation and coagulation time and milk-crude temperature. pH of the cheese may vary due
to the strength of coagulants (Koirala, 2021). In addition, renneting with the lamb rennet decreased the pH as compared with veg-
etable rennet, which could be related to a greater activity of lactic acid bacteria. On the other hand, artisan and industrial animal ren-
net pastes demonstrated a significant microbial diversity, which proved that animal rennet pastes are sources of lactic acid bacterial
strains with technologically advantageous characteristics for cheese production (Cruciata et al., 2014; Kajak-Siemaszko et al., 2022).

As shown in Figure (2), it could be noticed that all cheeses were found to have significantly high titratable acidity. The findings of
the titratable acidity obtained in this investigation were consistent with previous studies (El-Kholy, 2015; Benyahia et al., 2021). Our
results, however, differed from those of previous studies on Algerian cheeses (e.g. Tadjine et al., 2020). A higher lactic acid bacteria
activity during cheesemaking may be the reason of these variances between cheeses (CVR and CLR) (Czyzak-Runowska et al., 2020).
The fresh CVR and CLR had a total dry extract of 43.7 and 50.1 g/100 g, respectively. Compared with literature data, we found that
these averages were lower than those reported by Benyagoub et al. (2016), which was estimated at 56.12%, but it is close to that of
Santillo et al. (2007) with 43.1% based on the lamb rennet and enzymatic extract prepared from C. cardunculus by El-Galeel et al.
(2017) (51.88%). The possible variation in the total solids content between CVR and CLR may be due to curd types obtained, which
are dependent on the initial milk composition, effect of coagulants as well as the type of drainage (Benyahia et al., 2021).

Regarding our findings of total fat content, a significant difference (p < 0.05) was observed among CLR and CVR, but both had
high fat contents. Similar values were revealed by Hashim et al. (2011) and Benyahia et al. (2021). Tofalo et al. (2015) showed signif-
icant differences in fat depending on the types of rennet used. On another side, the mean content of protein for studied cheeses did not
significantly differ (p < 0.05). The average protein content of these cheeses, according to Garcia et al. (2012), ranges between 14.62
and 15.05 g/100 g cheese, which is comparable to the findings of the current study. The general trend of the current findings is consis-
tent with those reported for fresh cow's cheese (Benheddi and Hellal, 2019), fresh ewe's cheese (Gutiérrez-Pena et al., 2021), and fresh
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Fig. 4. Chromatogram of separation obtained of sample cheese made with vegetable rennet (upper graph) and of sample cheese made with lamb rennet (bottom
graph) products. Figures of the curve peaks are FAs (1: Caproic, 2: Caprylic, 3: Capric, 4: Lauric, 5: Myristic, 6: Pentadecanoic, 7: Palmitic, 8: Margaric, 9: Stearic, 10:
Arachidic, 11: Myristoleic, 12: Palmitoleic, 13: Heptadecenoic, 14: Oleic, and 15: Linoleic).
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Fig. 5. Chord diagram of fatty acid composition in fat extracted from cheeses made with lamb rennet and vegetable rennet (% of total FAs).

Animal rennet Plant coagulant
15 15

Fig. 6. Venn diagram showing the similarity of fatty acid composition in Jben cheeses made using two milk-clotting agents. MH: Morisita-Horn overlap index and BC:
Bray-Curtis index are the abundance based similarity metrics.
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Table 2
Lipid quality indices of Jben cheese prepared using lamb rennet and vegetable rennet based on Cynara cardunculus.

Indices CLR CVR
Atherogenicity index (IA) 2.43 2.19
Thrombogenicity index (IT) 3.18 291
Hypocholesterolemic fatty acids (DFA) 47.49 49.4
Hypercholesterolemic fatty acids (OFA) 44.88 43.28
Hypocholesterolemic/Hypercholesterolemic ratio (H/H) 0.68 0.72
Mono Unsaturated Fatty Acids/Saturated Fatty Acids (MUFAs/SFAs) 0.45 0.50
Poly Unsaturated Fatty Acids/Saturated Fatty Acids (PUFAs/SFAs) 0.048 0.047
Unsaturated Fatty Acids/Saturated Fatty Acids (UFAs/SFAs) 0.51 0.55
0.3
Fatty matter
Protein
02 CLR
CVR
0.1
~ | Myristic L
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Fig. 7. Triplot of the Redundancy analysis (RDA) exploring the relationships between fatty acids and physiochemical properties of CLR and CVR cheeses.

goat's cheese (Mladenovic et al., 2022). Several variables, including cheesemaking practices, milk chemical and microbiological char-
acteristics, animal feeding systems, origin of milk-clotting agents have a strong impact on the content and quality of the cheese (De
Marchi et al., 2008; Formaggioni et al., 2015; Uzun et al., 2020).

Based on the above results, Fig. 3 shows the findings of various physicochemical characteristics (pH, acidity, fat, dry solids and
protein content) and the relationships between those parameters. For instance, it was found that the pH and acidity values in both
cheeses correlated negatively (p < 0.05); The action of lactic acid bacteria and the generation of lactic acid are responsible for the pH
drop. These findings are consistent with the observations of loannidou et al. (2022). Additionally, pH and dry matter showed negative
relationships. Both Manca et al. (2020) and de la Haba Ruiz et al. (2016) reported similar findings. Fat and dry matter values in
cheeses were found to be strongly and positively correlated. Since the dryness of cheese (CVR) influences the quantity of fat because
as moisture declines, fat grows, the positive link between cheese dry solids and fat content seems logical (Ioannidou et al., 2022).

4.2. Fatty acid profile

Besides of being abundant providers of vital nutrients like protein, calcium, and vitamins, milk and dairy products also include a
variety of bioactive compounds, of which FAs are of the greatest significance. Dairy fat is the most complex fat in the human diet since
it contains more than 400 different FAs. Furthermore, a substantial portion of these FAs comes from dairy products, which constitute
almost their entire source in our diets (Summer et al., 2017). Many studies evaluated the profiles of FAs in traditional cheeses (Barac
etal., 2018; Cetinkaya and Oz, 2018; Paszczyk et al., 2022). The amount of FAs in dairy products (cream, yogurt, cheese) is related to
cheesemaking process and maturation time (Biatek et al., 2020; Paszczyk et al., 2020; Uzun et al., 2020; Buccioni et al., 2022).

As expected, SFAs and UFAs are abundant in fresh cheeses, as well as other varieties of cheese. In the FA profiles, SFAs were char-
acterized by the highest proportion in all fresh cheese samples (CVR and CLR). The values for SFAs found in the present study are con-
sistent with those found by Dopieralska et al. (2020). The contents of SFAs, MUFAs, and PUFAs in the studied fresh cheeses (CVR and
CLR) made with cow's milk varied from 64.63 to 65.53%, 29.28-30.92%, and 4.27-5.19%, respectively. These results are in line with
the data reported by Barac et al. (2018), which showed that the concentration of SFAs, MUFAs, and PUFAs in cheese (Sjenica) derived
from cow's milk was 65.97%, 30.31%, and 3.72%, respectively. Moreover, C16:0 (palmitic), C18:1n-9 (oleic) and C18:2.n-6 (linoleic)
acids were the main SFA, MUFA and PUFA for Cheeses (CVR and CLR). Paszczyk et al. (2022) also gathered comparable data regard-
ing the previous FA categories. In addition to lauric, palmitic, and palmitic acids, which have been shown to be the most important
SFAs, CVR and CLR contain additional FAs that have favorable effects for chronic disease onset and progression, including many odd-
chain FAs (OCFAs) and C18:1n-9 (oleic acid). Elevated plasma OCFAs have been connected to increased dairy consumption, particu-
larly C15:0 and C17:0 which can be used as a biomarker of total dairy fat absorption. Higher OCFA plasma levels have been shown to

11



R. Tabet et al. Biocatalysis and Agricultural Biotechnology 47 (2023) 102609

be linked with a reduced CVD risk. The studied fresh cheeses had adequate levels of C15:0 and C17:0, particularly in CVR, which had
an improved FA profile. The amounts of MUFAs in cheeses (CVR and CLR) were slightly different (Table 1). Oleic acid (C18:1n-9) was
the most prevalent acid in the MUFA category in all cheese samples examined. According to Hanus et al. (2018), MUFAs have been
demonstrated to have anti-cancer and anti-atherosclerotic characteristics, so it can be used in daily nutrition. On the other hand, in all
cheese samples (CVR and CLR), the proportion of PUFA was the lowest in the total FA group. To prevent certain diseases (cancer, dia-
betes and CVDs) and benefit human health, sufficient intakes of n-6 and n-3 FAs are necessary (De Lorgeril et al., 1994; Holub and
Holub, 2004; Willett, 2007; Simopoulos, 2008). The only n-6 FA found in any of the samples examined, among PUFA, was linoleic
acid (C18:2 n-6). Inflammatory, cancerous and CVDs are only just some of the illnesses whose pathogenesis is facilitated by an in-
creased in n-6/n-3 ratio resulting from an excess of n-6 PUFAs. Conversely, higher concentrations of n-3 PUFAs have preventive im-
pacts. According to several research, the ideal ratio may change based on the type of the disease (Simopoulos, 2006; Russo, 2009). In
CVR and CLR cheeses, content of linoleic acid varied slightly (3.22% and 3.07%, respectively) (Table 1). As compared with previous
data, these values are consistent with those revealed by Paszczyk et al. (2022). Linoleic acid is necessary for the production of arachi-
donic acid, which serves as a precursor to a wide range of vital compounds such as prostaglandins (essential in inflammation, smooth
muscle contraction and blood clots) and leukotrienes (essential in allergic diseases) in ruminant milk (Calder, 2012).

On the other hand, SCFAs play a crucial role in advancing human health. For example, the capric acid (C10:0), which has antiviral
and antibacterial effects, is the most prevalent SCFA in the fats of both cheeses (Nair et al., 2005). Nevertheless, despite their very low
concentrations in our cheeses, SCFAs are usually responsible for giving cheeses its distinctive flavors (Martino et al., 2019). In con-
trast, palmitic acid (C16:0) was the MCFA groups predominate FAs in all cheese varieties cheese (Table 1). Similar findings were
found by Milicevi¢ et al. (2022). The distribution of FA chains, including SCFA, MCFA, and LCFA, differs significantly from that found
by Falchero et al. (2010); in particular, MCFA and LCFA contents were 44.16% and 45.73%, respectively, while the mean values of
CLR discovered in our research were 49.98% and 44.36%. The slight variation of FAs between CVR and CLR may be attributed to the
lipolytic activity resulting from both the starter microorganisms and the rennet paste added to milk during the cheesemaking process
(Gutiérrez-Pefia et al., 2021).

The RDA was used to assess inter-links between FAs in CLR and CVR and their physiochemical properties (Fig. 7). The projection
of FAs and all cheese characteristics on the two first dimensions of RDA triplot stressed that FAs of CVR (myristic, pentadecanoic,
palmitic, margaric, heptadecenoic, oleic, and arachidic) had strong positive correlations with acidity, pH, protein and fatty matter
contents, because the first RDA axis expressed 95.3% of the explained variance. Similarly, FAs from CLR (capric, caproic, caprylic,
lauric, linoleic, myristoleic, palmitoleic, and stearic) were associated to dry matter content. These findings are consistent with previ-
ous studies (Abbas et al., 2021; Esmaeilzadeh et al., 2021), which showed that the oleic was strongly correlated with pH. Moreover,
the increase in the dry matter is accompanied by an increase in the fat content (loannidou et al., 2022). This study indicated that the
effects fat and protein contents are secondary compared to cheese acidity, which is in agreement with the results found by Giosué et
al. (2022).

4.3. Lipid quality indices

Collecting information on lipid quality indices can contribute to a better understanding of the nutritional and/or health effects of
dairy products consumption. Atherogenicity (IA), thrombogenicity (IT), desirable fatty acids ratio (DFA), UFA/SFA, MUFA/SFA, and
PUFA/SFA ratios data were compared between CLR and CVR in the current study (Table 2). In regard to our findings, cheese types
(CLR and CVR) did not showed any significant impact on IA or IT indices, as these were practically the same in CVR as compared with
CLR.

The ability to induce platelet aggregation is assessed by the IA and IT indices. The IT defines PUFAs (n-6 and n-3) and MUFAs as
antithrombogenic, and SFAs (particularly myristic, palmitic and stearic acids) as thrombogenic (Ulbricht and Southgate, 1991).
Lower levels of these indices are known to be useful in preventing blood vessel diseases. In the current study, IA and IT levels in all
cheese samples ranged from 2.19 in CVR to 2.43 in CLR and from 2.91 in CVR to 3.18 in CLR, respectively. According to Chen and Liu
(2020), there are no recommended values for IT and IA indices. In our work, these levels are consistent with those reveled by
Hirigoyen et al. (2018).

Regarding nutritional value, higher levels of H/H ratio have been noted as healthier and to prevent certain diseases such as CVDs.
The obtained H/H values for both cheeses were 0.68 and 0.72, respectively, which are in line with those found in other studies (Silva
and Bessa, 2002; Paszczyk and Luczynska, 2020). Additionally, our research indicates that CVR contains the least undesirable hyperc-
holesterolemic fatty acids (OFA) and most beneficial hypocholesterolemic fatty acids (DFAs). The DFA values in the present study are
in agreement with those of Barac et al. (2018). The UFA/SFA ratio was different among Jben cheeses (CVR and CLR), these results var-
ied between 0.45 and 0.50, respectively, while it is close to those cited by Barac et al. (2018) for Sjenica (0.51) and Zlatar (0.46) tradi-
tional Serbian cow cheeses and by Cetinkaya and Oz (2018). In order to prevent consumer's health issues, the most prevalent indica-
tor used to assess the nutritional quality of foods including cheese is PUFA/SFA ratio. A higher PUFA/SFA ratio is directly related to a
higher value of PUFA, which has beneficial incidence on human health, as they lower blood cholesterol levels, which prevents some
contemporary diseases such as cancer and CVDs (Michikawa, 2003; Wood et al., 2004). Values of PUFA/SFA ration reported in this
study (0.047 for CLR and 0.048 for CVR) were under the recommended levels (higher than 0.45) for human consumption. In compari-
son to Maniaci et al. (2021), the findings were often below than recommendation. According to Abbas et al. (2021), these cheeses had
a PUFA/SFA value of 0.04, which is similar to what was found in our investigation. The MUFA/SFA ratio was higher for CVR (0.50)
than for CLR (0.45), and these results are consistent with those found by Maniaci et al. (2021).
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5. Conclusion

Based on the data obtained, the fresh cheese CVR made with cardoon flowers (C. cardunculus) differed significantly than the fresh
cheese (CLR) made with lamb rennet for the most physicochemical parameters, including pH, acidity and dry matter, except for fat
and protein contents. This study showed that the FA levels and lipid quality indices indicate practically the same values for all cheese
samples (CVR and CLR). Finally, cheese (Jben) made with cardoon flowers had promising cheese characteristics when compared to
CLR. This indicates that plant coagulants can be used and further valuated for making a suitable Jben cheese suggesting that this milk-
clotting ingredient can be a good substitute for animal rennet.
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