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Abstract: Plant-derived rennet sources have been recognized as effective alternatives to traditional
animal-derived rennet in cheese processing, producing various cheeses for vegetarians and Halal
consumers. The aim of the present study was to assess the quality and identify potential chemical
and sensory markers of Canestrato cheese made from pasteurized mixed cow/sheep milk (50:50 ratio)
using a kiwifruit extract (prepared in the laboratory) as a rennet source of vegetable origin. The milk
was curdled with an aqueous kiwi extract (cK group), with commercial calf rennet (cT group), or
with commercial microbial rennet obtained from the controlled fermentation of Rhizomucor miehei
(cH group). For each cheesemaking process, 30 L of mixed milk was used, resulting in 10 forms,
each weighing approximately 1 kg. Cheese produced using kiwifruit rennet exhibited improved
nutritional characteristics, such as lower total lipid, cholesterol, and sodium content and greater
levels of polyphenols, potassium, and phytosterols compared with the cheese of the cT group. The
cheese of the cK group had a slightly more pronounced bitterness compared to cheeses made with
conventional rennets (cH and cT). Overall, the use of kiwifruit extract as a milk coagulant has proved
to be a promising alternative, improving both the nutritional profile and functional properties of the
resulting cheese.

Keywords: Canestrato cheese; vegetable coagulant; kiwi extract; nutritional composition; sensory
profile; rennet

1. Introduction

Food authenticity is currently a major concern for consumers, industry, the govern-
ment, and researchers at all levels of the production process. An authentic raw material
or finished product must comply with labeling, production technology, and genetic iden-
tity. Dairy products are of particular interest because they play an important role in the
diet of consumers; on the other hand, consumers have become increasingly aware of the
concepts of healthy food and nutrition. The agri-foods sector is therefore challenged to
demonstrate not only the wholesomeness, nutritional value, safety, and quality of the
product but also its sustainability, traceability, and authenticity. As a result, the scientific
community has developed more informative, sensitive, and accurate analytical methods to
meet these needs. Chemometric techniques play a key role in ensuring the authenticity of
milk and dairy products. These techniques are able to detect adulteration, verify product
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quality, and assess compliance with regulatory standards, hence supporting traceability
and transparency in the dairy supply chain and fostering consumer trust in milk and dairy
product authenticity.

In recent years, several factors, such as religious concerns (e.g., Islam and Judaism),
diet (vegetarianism), or the ban on the use of genetically modified rennet, have encouraged
research into alternative milk coagulants [1]. The alternative coagulants should provide
biochemical properties similar to those of calf rennet, such as high milk coagulant power,
high specificity towards k-casein, proteolytic activity at pH and cheesemaking temperature,
and sufficient thermolability to ensure whey products without residual coagulant activity,
as reported by Liu et al. [2].

An alternative to animal-derived coagulants is plant-derived coagulants, in which the
enzymes can be extracted from a variety of plants and in which the coagulation activity is
comparable to that of animal-derived coagulants. Using simple purification procedures,
plant proteases can be isolated from a variety of readily available plants, such as the
kiwi fruit (Actinidia deliciosa) [3,4], nettle leaves (Urtica dioica) [5], and ginger rhizome
(Zingiber officinale) [6]. Among plant-derived enzymes, actinidin is a protease from kiwi,
which has shown great potential for use as a milk coagulant in cheese production. In
a study by Serra et al. [7], kiwi extract used in sheep and buffalo cheeses improved the
nutraceutical properties of the cheese by increasing the number of healthy compounds such
as polyphenols and phytosterols. Mahdian Dehkordi et al. [8], also evaluated kiwifruit
actinidin as a coagulant for Iranian cheese production, highlighting a softer and less
cohesive, rubbery, and elastic structural profile of kiwifruit-based cheese compared to
cheese produced with microbial coagulants. Ojha et al. [9] produced goat cheese using
rennet and kiwi juice as milk coagulants and evaluated cheese yield, sensory and microbial
quality, and cost. Instead, Tabet et al. [10] evaluated Jben, a traditional popular cheese in
North Africa made from raw cow milk, by comparing the effect of different coagulants on
the physicochemical properties and lipids. Overall, those studies have been carried out
mainly focusing on the optimization of the production technology, but little information is
available on the chemical and sensory qualities used as a marker for the authenticity and
traceability of the final product obtained.

In recent years, the Sicilian dairy sector has focused on developing innovative pro-
cesses and products as alternatives to traditional ones [11].

In this context, Nicosia et al. [11] prepared an aqueous extract of kiwifruit, determined
the presence of actinidin in the fruit tissues at different ripening levels, evaluated the
effect of temperature and pH on milk coagulation activity and proteolytic activity, and
conducted a laboratory cheesemaking trial using different amounts of aqueous extract
of kiwi pulp. The results showed higher hydrolytic activity of the enzyme preparation
obtained from ripe kiwi fruit compared to unripe kiwi fruit, suggesting the use of ripe kiwi
pulp extract in cheese production on a laboratory scale [11]. The data also showed that
mature kiwi pulp extract at 3% (v/v) produced a curd yield of 20.27%, comparable to that
obtained with chymosin (20.93%) and microbial coagulant (20.06%). Given these excellent
conditions, the objective of the present study was to evaluate Canestrato cheese samples
produced according to the laboratory-scale cheesemaking protocol proposed by Nicosia
et al. [11] in order to assess the quality of the products obtained on an industrial scale.
Specifically, samples of Canestrato fresh cheese (Included in the national list of traditional
agri-food products, approved by the Ministry of Agriculture, Food and Forestry, Article
12(1) of Law No 238 of 12 December 2016), produced with a mixture of cow/sheep milk
(1:1 ratio) using vegetable coagulant from kiwi extract (cK), traditional calf rennet (cT),
and microbial rennet (cH) were evaluated for nutritional properties and sensory profiles
to identify possible chemical markers to differentiate the cheeses resulting from the three
cheese-making experiments and to provide a powerful tool to verify their authenticity.
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2. Material and Methods
2.1. Cheesemaking, Samples and Coagulants

The experimental trial took place at a commercial dairy company in Randazzo, Sicily,
Italy, briefly; the cheesemaking was performed at the same time and from pasteurized mixed
milk (50% Pezzata Rossa cow’s milk and 50% Pinzirita sheep’s milk) (Figure 1). The milk was
curdled, respectively, with an aqueous kiwi extract developed by Nicosia et al. [11] (cK group),
with commercial calf rennet (cT group) and with commercial microbial rennet obtained from
the controlled fermentation of Rhizomucor miehei (cH group). The aqueous extract of kiwifruit
pulp was obtained by pressure using a manual stainless-steel press (Figure 2). The obtained
juice was filtered twice through two layers of sterile gauze to separate all the seeds and the
coarse content from the aqueous extract (activity = 5 IMCU/mL). Traditional calf rennet was
a dark brown paste with a composition of 75% chymosin and 25% pepsin. The coagulating
power of the rennet was 115 IMCU/g. The calf rennet was derived from lamb stomachs
and was free from microbial coagulants, pig pepsin, and fermentation chymosin. It is not
derived from genetically modified organisms, in accordance with EC Regulation 1830/2003
and the traceability and labeling of genetically modified foods. The microbial rennet (Halal-
certified) was obtained from the controlled fermentation of Rhizomucor miehei, one of the
best substitutes for calf rennet due to its specificity in cleaving k-casein peptide bonds. The
microbial rennet was a brownish granulate, had a coagulation strength of 140 IMCU/g,
and contained preservatives including up to 1% sodium benzoate and sodium chloride.

For each cheesemaking process, 30 L of milk was used, resulting in 10 forms, each
weighing approximately 1 kg. Three Canestrato cheeses per group were randomly selected
after 15 days of ripening, vacuum-packed, and stored at 4 ◦C until chemical and sensory
analyses. Each experiment was repeated three times, and, at the end, 27 samples were taken
and analyzed (a total of 9 samples for each group). After removing 0.5 cm of rind, a 200 g
portion was sampled and finely ground for nutritional composition, while the remaining
cheese was used for sensory analysis.
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2.2. Chemicals and Reagents

All reagents and chemicals used in this study were purchased from Merck (Darmstadt,
Germany). The reference standard of the mixture of fatty acid methyl esters (FAMEs) was
purchased from Sigma-Aldrich (Supelco 37-Component FAME Mix, Darmstadt, Germany).
Individual standards that are not present in the Mix, such as iso-methyltetradecanoic
acid (C15: 0 iso), ante-iso methyltetradecanoic acid (C15:0 anteiso), trans-palmitoleic acid
(C16:1 trans), cis-vaccenic acid (C18:1 cis11), trans-vaccenic acid (C18:1 trans11), and hex-
adecatrienoic acid (C16:3 n4) were purchased from Merck (Darmstadt, Germany). Internal
standard 5α-cholesterol for sterol determination was provided by Merck (Darmstadt, Ger-
many). Individual polyphenols (gallic acid, caffeic acid, coumaric acid, cinnamic acid,
quercetin, and catechin) were purchased from Merck (Darmstadt, Germany). Commer-
cial standard solutions (1000 mg/L of a 2% solution of nitric acid) of calcium, sodium,
potassium, magnesium, iron, zinc, copper, and rhenium standard solution used as internal
standard (IS) were purchased from Merck (Darmstadt, Germany).

2.3. Qualitative Analysis

Cheese samples were analyzed for pH, moisture, total proteins, total lipids, fatty acids
profile, sterols, total polyphenols, individual polyphenols, and mineral elements. All details
of the analyses are reported in Table 1. All samples were analyzed in triplicate. Details of
HPLC-MS/MS method validation are reported in Table 2.

Table 1. Determination of pH, moisture, total proteins, total lipids, fatty acid (FA), sterols, total
polyphenols, and minerals in Canestrato fresh cheese samples.

Analysis Methods Technique or
Instrumentation References

pH pH was measured with a portable digital pH meter in a 100 mL water
solution containing 10 g of cheese.

Digital pH meter (model 3510,
Jenway, London, UK) [12]

Moisture The water content of the cheese was determined by thermogravimetry
using a thermobalance.

Sartorius MA35 thermobalance
(Milan, Italy) [13]

Total
proteins

Crude protein was determined by the Kjeldahl method. Briefly, the samples
were digested with sulphuric acid (98%), copper (II) selenite dihydrate, and
potassium sulfate using a SpeedDigester K-439 equipped with a scrubber
for gasses and then analyzed using a KjelMaster System K-375.

SpeedDigester K-439 (Büchi,
Flawil, Switzerland); KjelMaster

System K-375 (Büchi, Flawil,
Switzerland)

[14]
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Table 1. Cont.

Analysis Methods Technique or
Instrumentation References

Total lipids
and FA

Total lipid extraction was performed by Folch methods. Briefly,
10 g of cheese was homogenized with a 2:1 chloroform/methanol (v/v)
mixture, and then a 0.73% NaCl water solution was added. The lipid
fraction was taken and subjected to hot esterification with 9:1
methanol/sulfuric acid (v/v) mixture in an oven for one hour at 110 ◦C. The
supernatant was recovered and diluted to 1:2 with hexane and analyzed by
GC-FID.

GC-FID (Dani Master GC, Dani
Instrument, Milan, Italy) [15]

Sterols
profile

Extraction was performed according to the method described in EU
Regulation 1348/2013. The total lipids were saponified with an
ethanol-potassium hydroxide solution after the addition of an internal
standard (5α-cholesterol). The unsaponifiable matter was extracted with
diethyl ether. The sterol fraction was separated by chromatography on a
silica gel plate. This fraction was analyzed by gas chromatography after
derivatization by BSTFA: TMCS 99:1 to obtain the corresponding
trimethylsilyl ethers.

GC-FID (Dani Master GC, Dani
Instrument, Milan, Italy) [16]

Total
polyphenols

Approximately 5 g of the homogenized sample was added to 10 mL of
methanol/water (80/20, v/v). The two phases were separated by
centrifugation. The supernatant was transferred to a flask, evaporated, and
dissolved in 5 mL of acetonitrile. The acetonitrile solution was finally
evaporated to dryness by rotation. The mixture was then redissolved in 5
mL of methanol. The Folin–Ciocalteu method was used to determine the
total polyphenols content spectrophotometrically. A 1 mL aliquot of each
extract was mixed with 5 mL of H2O and 1 mL of Folin–Ciocalteu phenol
reagent (1N). A total of 10 mL of saturated Na2CO3 solution (7.5%) and 5
mL of H2O were then added and allowed to stand for 90 min in the dark.
Absorbances were read using a UV–visible spectrophotometer at 760 nm
with methanol as an analytical blank. Appropriate dilutions of a gallic acid
standard solution were used to construct a calibration curve.
Determinations were carried out in triplicate together with the blank
solutions.

UV–visible spectrophotometer
(UV-2401PC Shimadzu, Kyoto,

Japan)
[17]

Polyphenols
profile

Individual polyphenols (gallic acid, caffeic acid, coumaric acid, cinnamic
acid, quercetin, and catechin) were determined by HPLC-MS/MS analysis.
Briefly, 20 µL of each sample extract was analyzed using an HPLC-MS/MS
system and a Zorbax SB-C18 (5microm 4.6 × 250 mm) reverse phase
column. Gradient elution was solvent A (0.1% formic acid in water) and
solvent B (methanol) at a flow rate of 1 mL/ min. The initial mobile phase
composition was 0–3 min, 5–20% B; 3–8 min, 20–20% B; 8–12 min, 20–30% B;
12–13 min, 30–40% B; 13–15 min, 40–40% B; 15–17 min, 40–50% B; 17–19 min,
50–80% B; 19–22 min, 80–5% B. All solutions prepared were filtered through
0.45 µm filters.

HPLC system (Shimadzu, Kyoto,
Japan) and MS-8040 triple

quadrupole
mass spectrometer with

Electrospray ionization (ESI)
source.

[18]

Mineral
elements

0.5 g of sample was mineralized with HNO3 and H2O2 using a microwave
digestion system with a temperature of 0–200 ◦C for
10 min (step 1) and 200 ◦C maintained for 10 min (step 2). The digested
samples were then diluted with internal standard in ultrapure water and
analyzed by a single quadrupole inductively coupled plasma mass
spectrometer (ICP-MS). An external calibration procedure combined with
internal standard normalization was used for quantification.

Microwave digestion system
(Ethos 1, Milestone, Bergamo,

Italy); ICP-MS iCAP Q (Thermo
Scientific, Waltham, MA, USA)

[19]

Lipid Quality Indices

Based on the fatty acid composition of the fat extracted from the cheese samples, the
lipid quality indices for health and nutritional information were determined.

Atherosclerosis indices (AI) and thrombosis indices (TI) were calculated following the
method by Ulbricht et al. [20] and Osmari et al. [17]:

AI = [C12:0 + (4 × C14:0) + C18:0]/[Σ MUFA + Σ PUFAn-6 + Σ PUFAn-3]

TI = (C14:0 + C16:0 + C18:0)/[(0.5 × Σ MUFA + 0.5 × Σ PUFAn-6 + 3 × Σ
PUFAn-3 + (PUFAn-3/PUFAn-6)]

Hypocholesterolemic fatty acids (DFAs) were calculated according to Osmari et al.’s
method [17]:

DFA = Σ MUFA + Σ PUFA + C18:0
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Hypercholesterolemic fatty acids (OFAs) were calculated following Barać et al.’s
method [21]:

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

The hypocholesterolemic and hypercholesterolemic ratio (H/H) was calculated ac-
cording to the method by Ivanova and Hadzhinikolova [22]:

H/H = (C18:1n-9 + C18:2n-6 + C18:3n-3)/(C12:0 + C14:0 + C16:0)

Table 2. List of the investigated polyphenols with monitored ions (m/z), linearity (R2), Limit of
Detection (LOD), and Limit of Quantitation (LOQ).

Compound [M-H]−
(m/z)

Products
(m/z) R2 LOD

(mg/kg)
LOQ

(mg/kg)

Gallic acid 168.9 79, 125 0.9986 1.0 3.3
Caffeic acid 178.9 135, 117 0.9936 1.0 3.3

Coumaric acid 163.0 119, 93 0.9995 0.5 1.7
Cinnamic acid 149.0 131,103 0.9931 0.5 1.7

Quercetin 300.9 150.7, 96 0.9990 1.0 3.3
Catechin 288.9 245, 205 0.9987 0.5 1.7

Underlined ions were considered for quantitative analysis.

2.4. Sensory Analysis

Descriptive sensory analysis was conducted according to ISO 13299:2016 to evaluate
the sensory profile of cheeses [23].

The panel consisted of 11 members (6 women and 5 men, aged between 27 and
60 years). The number of panelists was relatively limited to ensure a comparable level of
experience to ensure accuracy, sensitivity, and repeatability of the judgment, as well as
to highlight any particular shortcomings or strengths of the products. The panelists were
selected among technicians, researchers, and professors at the University of Messina with solid
experience in the food sector, including sensory analysis, although they were not specifically
trained in cheese evaluation. Considering the three types of cheeses analyzed, the attributes
considered were color intensity, odor intensity, salty, bitter, hardness, and chewiness.

Before being “portioned”, the cheeses were acclimatized at a temperature close to the
tasting temperature for a sufficient time to ensure uniformity of temperature throughout
the mass. The cheeses were presented in the form of 20 g cubes in closed, coded glass
containers and were tasted in individual booths with a room temperature of 21 ± 2 ◦C,
neutral-colored walls and furniture, and standard lighting conditions. Triplicate sensory
tests were carried out. Panelists were asked to drink plain water at the beginning of the
sensory evaluation and between the samples to try to make the palate conditions for each
sample. The intensity of each attribute was measured on a linear, unstructured scale from 0
(absence of the parameter) to 9 (maximum intensity of the parameter) [24].

2.5. Statistical Analysis

SPSS 13.0 software for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical
analyses. One data matrix was built adopting the results of analyses (chemical composition,
mineral elements, total and single polyphenols, sterols, and fatty acids) as variables and cheese
samples under analysis as cases. Data below LOQ were replaced with LOD/2 values, and all
concentrations were log-transformed to reduce the effect of outliers on the skew of the data
distribution and to bring concentrations into the same range [12]. Initially, the Kruskal–
Wallis test was applied for study the significance of the differences among sample grouping
according to the different coagulant used. A level of p < 0.05 was considered significant. To
group the samples according to the analytical parameters, Principal Component Analysis
(PCA) was applied. Autoscaling was carried out for variance normalization among the
variables. PCA was performed with autoscaled data. Lastly, PCA was complemented by
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a stepwise Linear Discriminant Analysis (LDA) to discriminate among different types of
Sicilian fresh cheeses according to the F-value.

3. Results and Discussion
3.1. Cheese Composition

The qualitative parameters of the three cheese groups, including pH, moisture, total
lipids, protein, sterols, and total and single polyphenols, were statistically different among
the groups (p < 0.05) and are reported in Table 3. The cK group had significantly lower
values for pH (5.09), total lipids (27.56 g/100 g), protein (22.01 g/100 g), and significantly
higher values for moisture (46.51 g/100 g). On the other hand, the cH and cT groups had
significantly lower values for moisture (37.49 g/100 g and 38.34 g/100 g) and significantly
higher values for pH (5.79 and 5.95), total lipids (30.66 g/100 g and 31.70 g/100 g), and
protein (26.84 g/100 g and 25.15 g/100 g). The chemical composition varied significantly
among the groups; certainly, the type of coagulant used in the cheesemaking process
influenced these parameters. However, possible variations could also be due to processing
techniques, incubation and coagulation times, and rind temperature. In fact, the pH may
vary depending on the strength of the coagulants used [10]. The higher moisture content
in the cK group could be due to difficulties in draining the whey due to clogging of the
drainage filter by fine particles. Another reason could be the longer coagulation time for
plant proteases, resulting in higher moisture content in the final product [13]. The higher
syneresis of the curd obtained with microbial rennet and traditional calf rennet, by the
different clotting activity, is responsible for the lower moisture content of these cheeses
compared to those obtained with vegetable rennet with kiwifruit extract (Table 3). This is
consequently related to the higher content of lipids and proteins of the cH and cT groups
due to a “concentration” effect.

Table 3. Chemical composition, polyphenols, and sterols (mean ± S.D., n = 9) in Canestrato cheeses
curdled using a kiwifruit aqueous extract (cK), microbial rennet (cH), and traditional calf rennet (cT).

Items cK cH cT

pH 5.09 ± 0.23 a 5.79 ± 0.45 b 5.95 ± 0.53 b

Moisture (g/100 g) 46.51 ± 1.15 b 37.49 ± 0.71 a 38.34 ± 0.47 a

Total lipids (g/100 g) 27.56 ± 0.92 a 30.66 ± 0.98 b 31.70 ± 0.75 b

Proteins (g/100 g) 22.01 ± 0.98 a 26.84 ± 0.86 b 25.15 ± 0.88 b

Total polyphenols (mg/100 g) 44.12 ± 1.98 b 15.50 ± 0.71 a 13.63 ± 0.88 a

Gallic acid (mg/100 g) 4.54 ± 0.16 4.53 ± 0.26 4.52 ± 0.17
Caffeic acid (mg/100 g) 5.08 ± 0.13 b 1.53 ± 0.34 a 1.42 ± 0.36 a

Coumaric acid (mg/100 g) 4.06 ± 0.12 b n.d. a n.d. a

Cinnamic acid (mg/100 g) 2.53 ± 0.16 b n.d. a n.d. a

Quercetin (mg/100 g) 1.47 ± 0.08 b 0.76 ± 0.07 a 0.76 ± 0.09 a

Catechin (mg/100 g) 3.63 ± 0.12 b 0.52 ± 0.07 a 0.55 ± 0.08 a

Cholesterol (mg/100 g) 84.45 ± 1.99 a 98.69 ± 2.35 b 99.25 ± 2.82 b

Stigmasterol (mg/100 g) 0.19 ± 0.04 b n.d. a n.d. a

Campesterol (mg/100 g) 0.14 ± 0.04 b n.d. a n.d. a

β-sitosterol (mg/100 g) 0.49 ± 0.09 b n.d. a n.d. a

a, b Different letters indicate statistically significant differences at p < 0.05; n.d.: not detected (<LOQ).

3.2. Polyphenols

The use of kiwi rennet resulted in a significant increase in total polyphenols (Table 3).
The kiwifruit extract produced cheeses that were 2.7 and 3.4 times richer in polyphenols
than cheeses from the cH and cT groups, respectively. The increased concentration of
total polyphenols in cheeses made with vegetable coagulants is widely confirmed in the
literature [7]. With regard to individual polyphenols, the cK group contained coumaric
acid (4.06 ± 0.12) and cinnamic acid (2.53 ± 0.16), which were not present in the cheeses of
the cH and cT groups; furthermore, only gallic acid was not significantly different among
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the three groups, whereas caffeic acid, quercetin, and catechin were significantly higher in
the cK group. The results are in line with the previous findings of Serra et al. [7]. This result
is encouraging as it demonstrates the possibility of enriching cheese with a very important
nutraceutical component.

3.3. Sterols

Cheeses from the cK group contained not only a lower cholesterol content (closely
related to their composition) but also some phytosterols such as stigmasterol, campesterol,
and β-sitosterol. This result was also obtained by Serra et al. [7] in buffalo and sheep’s milk
cheeses made with the addition of kiwi juice as a coagulant. The results (Table 3) show
that the use of kiwi extract results in the transfer of small but not negligible amounts of
these compounds, whose cholesterol-lowering properties are well known. However, the
enrichment is not such as to suggest a possible direct nutraceutical effect on humans.

3.4. Mineral Elements Content

The profile of mineral elements is particularly interesting. The obtained concentrations
of the mineral elements found in the cheeses of the three groups cK, cH, and cT are listed
in Table 4.

Table 4. Mineral elements (mg/kg, mean ± S.D., n = 9) in Canestrato cheeses curdled using the
kiwifruit aqueous extract (cK), microbial rennet (cH), and traditional calf rennet (cT).

Mineral
Elements cK cH cT

Ca 7156.06 ± 11.81 7179.98 ± 43.63 7165.28 ± 32.35
Na 4191.47 ± 135.17 a 5498.95 ± 79.63 b 5480.93 ± 88.05 b

K 1188.79 ± 25.35 b 711.69 ± 13.22 a 720.91 ± 22.52 a

Mg 214.82 ± 13.45 204.83 ± 17.73 196.54 ± 17.06
Zn 20.71 ± 0.82 20.20 ± 0.92 20.54 ± 0.64
Fe 1.72 ± 0.15 1.63 ± 0.22 1.67 ± 0.14
Cu 0.19 ± 0.02 0.19 ± 0.02 0.18 ± 0.02

a, b Different letters indicate statistically significant differences at p < 0.05.

The results showed that the most representative macro-element was Ca, with a con-
centration ranging from 7152.47 mg/kg for cheeses in the cK group to 7162.89 mg/kg for
cheeses in the cH group. Calcium is a micronutrient that has many functions in the body,
including ossification and muscle contraction. The three cheeses have comparable levels of
Ca, which is a very good result from a nutritional point of view. Among the macro-elements
found, only Na and K were statistically different (p < 0.05). The Na content was significantly
higher in cheeses made with microbial rennet and traditional calf rennet. In contrast, the
K content was significantly higher in cheeses made with vegetable rennet. The higher Na
content is probably due to the Na already present in the two types of rennet, cH and cT,
in the form of sodium chloride and sodium benzoate. These two salts are usually added
as preservatives. The higher K content is probably due to the already high K content in
the kiwi pulp. Literature data confirm that kiwi is one of the fruits with the lowest sodium
content and the highest potassium content [14].

3.5. Fatty Acid Composition

The FA profile of the cheeses is typical of products made from mixed cow and sheep
milk [15]. The FA composition of the analyzed cheeses expressed as % of total FA is reported
in Table S1.

The average content of saturated fatty acids (SFAs) was 70%, while the average content
of monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) was 22%
and 4%, respectively. Among SFA, palmitic acid (C16:0) was most representative in all three
groups, followed by myristic acid (C14:0) and stearic acid (C18:0); among MUFA, oleic
acid (C18:1 cis9) followed by cis- and trans-vaccenic acid (C18:1 cis11 and C18:1 trans11).
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Among PUFA, linoleic and α-linolenic acids (C18:2 cis9 cis12 and C18:3 cis9 cis12 cis15)
were the most representative in all three groups.

The type of coagulant appears not to be a significant factor in the variation in fatty
acids. However, the slight difference in FA composition could be related to the fact that calf
rennet and halal-certified cheeses contained less water and, therefore, more dry matter and
more lipids for the reasons mentioned above. In other words, as expected, the use of kiwi
pulp does not lead to any significant variation in FA content. Even α-linolenic acid (C18:2
cis9 cis12), the most abundant fatty acid in kiwi, does not differ between cheeses produced
with the different rennet types.

The availability of data on lipid quality indices may provide a clearer and more infor-
mative understanding of the nutritional and/or health effects of dairy consumption. The
atherogenicity Index characterizes the atherogenic potential of FAs, while the thrombo-
genicity Index characterizes the thrombogenic potential of FAs, indicating their tendency
to form clots in blood vessels. In the three cheeses, the AI value ranged from 2.80 to 2.98,
while the IT value ranged from 2.57 to 2.78 (Table S1). The H/H ratio correlates with
the functional activity of fatty acids in the metabolism of lipoproteins for the transport
of plasma cholesterol and the risk of developing cardiovascular disease. The H/H index
characterizes the ratio of hypercholesterolemic to hypocholesterolemic fatty acids. The
values for the three cheeses ranged from 0.46 to 0.47 (Table S1). The three cheeses had
similar levels of OFA (36.36 to 36.39) and DFA (41.46 to 42.54). The values of all indices
were in line with those reported in the study by Paszczyk and Łuczyńska [16].

3.6. Estimation of the Dietary Exposure to the Main Constituents from the Cheese Assumption

The recommended daily intakes for adults of n-6 PUFA and n-3 PUFA are 6 g/day
and 2 g/day, respectively [18], while the recommended dietary intake of EPA + DHA is
250 mg/day [25].

Regulation (EU) No 1169/2011 of the European Parliament established the Recom-
mended Dietary Allowance (RDA) for adults for Ca, K, Mg, Zn, Fe and Cu, expressed in
mg/day, as 800, 2000, 375, 10, 14 and 1, respectively, while an Adequate Intake (AI) of
2000 mg/day was established for Na.

The estimated daily intakes (EDIs) of these constituents from one serving (45 g/day) [26]
of the cheeses analyzed were calculated and compared with the above reference values.

There are currently no EFSA-approved claims specifically for polyphenol products as
substances that can protect blood lipids from the damaging effects of oxidative stress, with
the exception of hydroxytyrosol and its derivatives in olive oil [27]. Therefore, the average
content of total polyphenols in herbal extract supplements, ranging from 62 to 250 mg per
capsule, was used as a reference.

In light of the results of this study, and with a view to large-scale production for the
final consumer, the intakes of n-6 PUFA, n-3 PUFA, EPA + DHA, Ca, K, Mg, Zn, Fe, Cu,
Na, and total polyphenols from the consumption of 45 g/day of the analyzed cheeses were
evaluated and are reported in Table 5.

3.7. Results of Sensory Analysis

The results of the sensory analysis of the cheeses are shown in Table 6. The mean
values of most attributes, such as hardness and chewiness, were lower (p < 0.05) in the
cheeses made with the vegetable coagulant from kiwifruit than in the cheeses made with
traditional calf rennet and microbial rennet Halal certified. The only attribute with an
opposite trend was bitterness, which was significantly higher in cK compared to cH and cT.
Also, Ojha et al. [9] as well as Fguiri et al. [4] and Mahdian Dehkordi et al. [8], had found
a slightly bitter taste in cheeses made with a kiwi-based vegetable coagulant. This could
be attributed to secondary proteolysis that promotes the formation of peptides with low
molecular weight responsible for the defect, such as bitter, as reported by Nicosia et al. [11].
In addition, the cK cheese had a significantly lower fat content, and it is known that cheeses
with low fat content have a lower ability to mask bitterness, as suggested by Fguiri et al. [4].
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Table 5. Total polyphenol (TP) content (mg/day) and percentage of the reference values (%) of n-6
PUFA, n-3 PUFA, EPA + DHA, and mineral elements from the consumption of one serving (45 g/day)
in Canestrato cheeses curdled using the kiwifruit aqueous extract (cK), microbial rennet (cH), and
traditional calf rennet (cT). RDA and AI espressed in mg/day.

Samp. TP n-6
PUFA

n-3
PUFA

EPA +
DHA K Mg Ca Na Fe Zn Cu

cK 19.8 ± 0.9 5.3 ± 0.2 8.8 ± 0.4 7.2 ± 0.4 2.7 ± 0.1 2.6 ± 0.2 40.2 ± 0.1 9.4 ± 0.3 0.5 ± 0.1 9.3 ± 0.4 0.8 ± 0.1
cH 6.9 ± 0.3 4.9 ± 0.1 9.8 ± 0.3 5.3 ± 0.5 1.6 ± 0.1 2.5 ± 0.2 40.4 ± 0.2 12.4 ± 0.2 0.5 ± 0.1 9.1 ± 0.4 0.9 ± 0.1
cT 6.1 ± 0.4 4.9 ± 0.2 10.4 ± 0.4 8.9 ± 0.7 1.6 ± 0.2 2.4 ± 0.2 40.3 ± 0.2 12.3 ± 0.2 0.5 ± 0.1 9.2 ± 0.3 0.8 ± 0.2

RDA 2000 375 800 14 10 1
AI 2000

Table 6. Average results of the descriptive analysis.

Attributes CK CH CT p-Value

color intensity 2.9 ± 0.6 3.2 ± 0.3 3.6 ± 0.3 p > 0.05
odor intensity 3.5 ± 0.6 3.9 ± 0.3 3.8 ± 0.3 p > 0.05

salty 4.2 ± 0.8 4.9 ± 0.8 5.2 ± 1.2 p > 0.05
bitter 1.4 ± 0.4 b 0.9 ± 0.2 a 0.9 ± 0.2 a p < 0.05

hardness 3.3 ± 0.4 a 3.9 ± 0.2 b 4.6 ± 0.5 c p < 0.05
chewiness 2.4 ± 0.1 a 3.3 ± 0.5 c 2.7 ± 0.1 b p < 0.05

a, b, c Different letters indicate statistically significant differences at p < 0.05.

3.8. Results of PCA

The results of the multiple comparisons showed significant differences with a p-level
below 0.05 for many of the variables analyzed. Only variables significantly different
were used in PCA. Two principal components with eigenvalues of 26.218 and 10.373 were
extracted according to the Kaiser-Guttman criterion. The extracted components together
explain 85.793% of the total variance (60.972% and 24.821%, respectively). PCA loading
and score plots are shown in Figure 3. From the score plot, it can be verified that the
categorization among cK, cH, and cT samples was achieved. The cheeses obtained with
the kiwifruit aqueous extract (cK) showed positive PC1 and PC2 and were characterized
by higher concentrations of polyphenols, cinnamic, caffeic and cumaric acids, quercetin,
catechin, β-sitosterol, stigmasterol, campesterol, K, and saturated fatty acids from C4 to C12.
The cheeses obtained with the Halal certified microbial rennet (cH), those with negative
PC1 and positive PC2, were distinguished for the higher content of proteins, C14:0, C16:0
anteiso, total SFA, and the higher value of IA. The cheeses made with traditional calf rennet
(cT) that had negative PC1 and PC2 were marked for a higher content of lipids, cholesterols,
and Na and for a higher value of IT.

3.9. Results of LDA

A stepwise LDA was performed by calculating the Mahalanobis squared distances
from the centroid and using the probability of F, beginning with the initial classification of
the samples as cK, cH, and cT.

High discriminatory power was obtained from the canonical discriminant functions
obtained due to their high correlation values (1.000) and the low values of Wilks’ lambda
(0.000). Table S2 shows the unstandardized and standardized coefficients. To calculate
the canonical variable scores for each case, the unstandardized coefficients were used as
the canonical variable coefficients. From the standard coefficient values, it can be stated
that the variables with better discrimination are coumaric acid, stigmasterol, C20:1 n-9,
C18:2 cis9 cis12, IA, and IT. A two-dimensional scatterplot (Figure 4) related to these
discriminant functions shows the degree of separation among cheeses resulting from the
three cheesemaking experiments.
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Therefore, each case was assigned to the group where it obtained the highest group
membership probability, calculated according to the equations reported by Di Bella et al. [19].
The robustness of the classification model was evaluated by means of a cross-validation
procedure. Each sample was omitted from the model estimation in turn, and then its
membership was determined from the resulting model. The results of the classification
and the cross-validation are shown in Table S3. Overall, 100.0% of the original grouped
samples are correctly classified, and 100.0% of the cross-validated grouped samples are
also correctly classified. Therefore, an appropriate model to discriminate the samples was
generated using LDA.
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4. Conclusions

This study evaluated the effect of kiwifruit extract as a vegetable coagulant in the
production of typical Sicilian fresh cheese. The data obtained showed that most of the
chemical parameters analyzed were positively influenced by the coagulant. This study
indicates the possibility of identifying and authenticating CK cheese over the other two,
which is very important for certain consumer categories.

Cheeses produced with kiwifruit extract showed the following positive characteristics:
lower total lipid, cholesterol, and Na contents, higher polyphenol and K contents, and non-
negligible phytosterol content. The use of a coagulant obtained from kiwi pulp, therefore
showed interesting potential, particularly in terms of the transfer of healthy compounds
(polyphenols and phytosterols) and improved the nutritional properties of the cheeses
obtained. Coumaric acid and cinnamic acid were not found in the cheeses of the cH and
cT groups. Therefore, they can be used as good indicators to evaluate the benefits of
using kiwifruit extract in cheese making. It is possible to conclude that kiwi extract could
be an excellent alternative to another coagulant in the clotting of milk, combining the
qualitative and nutritional aspects of a traditional product with the technological aspects of
an innovative product. From a sensory point of view, the vegetable coagulant with kiwi
extract provided a very slightly bitter taste. This aspect is relevant since the acceptance of
cheese by the consumer is based on the high quality of the product and specific sensory
attributes. The chemometric analysis carried out in this study can be used to correctly
differentiate the cheeses resulting from the three cheesemaking experiments, providing a
powerful tool to verify the authenticity of the products obtained.

Despite the many positive aspects, in light of the known and potential allergenicity of
Actinidia [28,29], it will be necessary to define a specific nutritional labeling that lists indicating
content among the allergens, in order to protect the consumer. Combining the quality of
the product with acceptable sensory attributes therefore provides the basis for increasing the
chances of these cheeses succeeding in the market. This will make it possible to meet the
growing demands of consumers and respond to the needs of an evolving society.
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discriminant functions.
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