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Simple Summary: Camelina sativa (L. Cranz), commonly known as false flax, is an annual dicot
species belonging to the Brassicaceae family. The plant is characterised by extreme rusticity and is able
to grow in different climatic and soil conditions, including those of the Southern Italy marginal areas.
Camelina is studied as a sustainable crop for food and non-food exploitation. Its interest in animal
nutrition is due to the fatty acid (FA) composition of its oil, high in polyunsaturated FA (PUFA). This
study aimed to evaluate the effect of dietary supplementation with Camelina sativa fresh forage in
autochthonous goats on the chemical composition and fatty acid profile of milk and Caciotta cheese,
a traditional short-term ripened cheese with a soft ivory-coloured rind, compact texture, semi-soft
paste, acid fermented odour, and delicate sweet taste. The milk from the Camelina group showed a
greater content of conjugated linoleic acid (CLA) and PUFA, with benefits for human health. Under
the nutritional point of view, Caciotta cheeses were similar between the two groups, but the recruited
panellists appreciated the cheese obtained from the Camelina group more for its better palatability.

Abstract: The research studied the effects of dietary supplementation with Camelina sativa fresh
forage on the chemical and fatty acid composition of milk and Caciotta cheese, and its sensory
properties. Twenty Ionica goats were randomly assigned to the following two groups (n = 10): the
control received a traditional forage mixture (Avena sativa, 70%; Vicia sativa, 20%; Trifolium spp., 10%),
while the experimental group was given Camelina sativa fresh forage (CAM). All of the dams grazed
on pasture and received a commercial feed (500 g/head/day) at housing. The milk from the CAM
group showed a higher (p < 0.05) content of dry matter, fat, lactose and concentrations of C6:0, C11:0,
C14:0, C18:2 n-6, CLA and PUFA, while lower (p < 0.05) amounts of C12:0, C18:0 and saturated long
chain FA (SLCFA). The Caciotta cheese from the CAM group showed a greater (p < 0.05) content
of n-6 FA and n-6/n-3 ratio, although close to four, thus resulting adequate under the nutritional
point of view. The overall liking, odour, taste, hardness, solubility and “goaty” flavour were better
(p < 0.05) in the CAM cheeses. Further investigation would be advisable in order to evaluate the
effect of feeding Camelina forage obtained from different phenological stages, and the application of
ensiling techniques.
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1. Introduction

Camelina sativa (L. Crantz), commonly known as false flax, is an annual dicot species
belonging to the Brassicaceae family, it originated in Asia and was introduced in Europe
around the 16th century [1,2]. Both winter and spring biotypes are available, and within
each biotype, different cultivars, genotypes and GenBank accessions are present [3]. The
plant is characterised by extreme rusticity and flexibility, and is able to grow with success in
different climatic and soil conditions, including those of the marginal areas [3–5]. Camelina
sativa is naturally resistant to several diseases and insect pests; therefore, the cultivation of
the crop is simple and environmentally friendly, since the use of pesticides/herbicides is
unnecessary [6,7]. The potential of Camelina sativa as a low-input crop for food (cookies,
energy drinks, yogurt, salad dressings, cereal and granola bars, etc.) and non-food exploita-
tion (animal feeding, cosmetics, soil fungicides, bio-oils, bio-fuel) has been studied over
the last three decades [8–10].

The constant interest over time towards Camelina sativa is principally related to the
fatty acid (FA) composition of its oil, which is exceptionally high in polyunsaturated FA
(PUFA > 50% of total FA) [11], as well as to the presence of health-beneficial compounds
such as phenols, flavonoids, and molecules with a strong radical-scavenging activity [12].

Although Camelina has been used as seed, oil expeller cake and meal in the diet of
laying hens [13], broilers [14], pigs [15], rabbits [16] and lambs [17], it contains also some
antinutritive factors, such as glucosinolates, sinapines, phytic acid, trypsin inhibitors and
tannins [18,19]. Czerniawski et al. [20] found that anti-nutritional compounds are prin-
cipally present in the seeds and roots of Camelina. Moreover, previous studies reported
that the levels of sinapine, phytic acid, and condensed tannins in Camelina sativa meal
are lower as compared to the other Brassicaceae species generally used in animal feed
formulations [21]. The most important antinutritive components in Camelina meal are glu-
cosinolates, but it should be emphasized that ruminants are more tolerant to glucosinolates
than other species. Although Camelina is also characterized by the presence of phytic acid,
this is a major concern when it is fed to monogastric animals because, unlike ruminants,
they lack the enzymes able to hydrolyze the phosphorus bound [21].

As for milk and dairy production, Hurtaud and Peyraud [22] found that dietary
inclusion of Camelina sativa seeds or meal affected the cow’s milk fat content and the
butter’s firmness and spreadability. Pikul et al. [23] found that milk and kefir obtained
from goats fed with Camelina sativa cake were characterized by increased levels of beneficial
nutritional factors, including monounsaturated FA (MUFA) and PUFA, in turn of a decrease
in the total saturated FA (SFA). In ewes, dietary supplementation with Camelina sativa
cake reduced the level of short-, medium- and long-chain saturated FA in milk, with a
simultaneous increase in the content of unsaturated FA and their conjugated isomers [24].

Many studies have reported that grazing on pasture and feeding fresh forages are
able to affect the FA profile in ruminant milk by enhancing the concentration of conjugated
linoleic acid (CLA), α-linolenic, and rumenic and vaccenic acids [25,26]. Modifications in
milk fatty acid composition through nutrition might result in positive or adverse changes
in the nutritional properties of goat cheeses as well as for its sensorial attributes [27,28].

Caciotta is a fresh or semi-seasoned soft cheese made using cow, sheep and goat
milks, alone or mixed together in different percentages, in relation to the local tradition
of cheese-making in the Italian regions [29,30]. The modern consumer is rediscovering
traditional dairy products endowed with special sensorial attributes that recall the scents
of the natural pastures where the animals graze [31]. The nutritional and health properties
of sheep and goat products obtained by environmentally friendly production systems,
based on the use of local feed resources, is contributing to the economic revival of small
ruminant rearing [31–37]. Among the autochthonous goat breeds reared in the marginal
areas of the Apulia and Basilicata regions, the Ionica goat is well adapted to graze on arid
soils, being able to use the poor pasture resources available. Obtained by crossing the
autochthonous animals with individuals belonging to the Maltese breed and subsequent
crossbreeding, this genotype was widespread in the second half of the 20th century, while
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nowadays it is listed among the Italian endangered breeds as drawn up by the Department
for Environment, Food, and Rural Affairs [38]. Therefore, the optimization of the typical
and traditional productions may be an effective way to promote the rescue of this breed.

So far, while Camelina sativa has been thoroughly investigated as meal, oil and expeller
cake, little information is available on its use as fresh forage in small ruminant feeding.

The aim of the research was to study the effect of dietary supplementation with
Camelina sativa (L. Crantz) fresh forage in Ionica goats on the chemical composition and
fatty acid profile of milk and Caciotta cheese, and on its sensory properties.

2. Materials and Methods
2.1. Camelina sativa Forage Production and Analysis

The cultivation of Camelina sativa (L. Crantz) was carried out in a farm located in
Gravina in Puglia (Apulia, Southern Italy, 40◦59′42.22′′ N, 16◦20′38.82′′ E, 345 m above
the sea level) as a main crop in winter–spring sowing with an extensive, environmentally
friendly and low energy input cultivation technique described elsewhere [39]. Due to its
high rusticity, Camelina sativa showed a good adaptation to the soil and climatic conditions,
with productions of approximately 15 tons/ha of fresh forage. Camelina sativa green
biomass was harvested daily (about 60 kg by the time) and administered as fresh forage to
the experimental goats.

The potential nutritive value and in vitro gas production (IVGP) parameters of Camelina
were assessed according to the method of Menke et al. [40] as described in Getachew et al. [41].
In vitro incubation was performed using 40 mL of buffered rumen fluid. Approximately
200 mg of ground Camelina was incubated alone in 100 mL graduated glass syringes.
Buffered rumen fluid (40 mL) was pipetted into each syringe containing ground Camelina
as the substrate. The syringes were immediately placed in a water bath at 39 ◦C. Each
incubation was performed in quadruplicate. Gas production was recorded up to 72 h and
the syringes were shaken every hour for the first 8 h of incubation. The total in vitro gas
produced was corrected for blank incubations (i.e., no substrate).

The gas production was expressed in mL/g Dry Matter (DM), while the metabolizable
energy (MJ/kg DM) was calculated using the following formula: ME = 1.06 + 0.157GP +
0.084CP + 0.22CF − 0.081A, in which GP is the net gas production in the 72 h (mL/g DM)
and CP, CF and A are the values of crude protein, crude fat and ash (%DM), respectively.

2.2. Animals, Diet, Management, Milk Sampling and Cheese Making

The trial was carried out during March–May 2017 in an agro-zootechnical farm located
in Laterza (province of Taranto, Apulia, Southern Italy; 40◦37′49′′ N; 16◦48′1′′ E, 360 m
above the sea level). Twenty female pluriparous goats of the autochthonous Ionica breed,
homogeneous for weight, parity (3–4), time of kidding (30 ± 5 days after delivery) and
milk yield, were randomly assigned to the following two groups (n = 10) that differed
between each other only for the type of forage administered ad libitum: the control group
(C) received a traditional forage mixture (Avena sativa, 70%; Vicia sativa, 20%; Trifolium
spp., 10%), while the experimental group (CAM) was given Camelina sativa fresh forage.
According to the traditional goat rearing system, during the day all the dams grazed on a
spontaneous vegetation typical of the Mediterranean area; at housing, in the evening, the
dams of the two groups were administered the same commercial feed (500 g/head/day)
containing the following (as fed basis): dehydrated alfalfa (18% Crude Protein, CP; 30%),
corn (19.5%), barley (20.0%), soybean meal (44% CP; 16%), dried beet pulp (2.9%), soft
wheat bran (3%), brewer’s yeast (2%), mineral and vitamin supplements (0.1%), calcium
carbonate (0.8%), dicalcium phosphate (0.9%), sodium bicarbonate (0.6%), sodium chloride
(0.6%), magnesium oxide (0.6%) and soybean oil (3%). Moreover, at this time they received
the forage, which differed between the two experimental groups as described above.

The experimental period lasted 7 weeks, among which the first 2 weeks were for
diet adaptation and the last 5 weeks for milk collection and cheese-making. The chemical
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composition and fatty acid profile of pasture, hay, pelleted feed and Camelina sativa forage
is shown in Table 1.

Table 1. Chemical composition (%DM) and fatty acid profile (%FAME) of pasture, hay, pelleted feed
and Camelina sativa forage.

Pasture Hay Pelleted Feed Camelina sativa
Forage

Chemical composition
Dry matter (%) 25.80 92.30 92.50 19.40
Crude Protein 18.76 13.54 19.03 11.34
Ether extract 5.03 2.80 3.49 6.20

Ash 9.78 10.51 7.61 10.82
Crude fiber 27.51 40.78 9.18 21.65

N-free extracts 38.92 32.37 60.69 49.99
NDF 57.65 63.58 38.82 49.50
ADF 34.50 35.08 11.17 24.70
ADL 6.31 11.25 4.61 4.65
AIA 1.87 0.92 0.37 3.70

IVGP (mL/g DM) 195.50 256.10 288.60 180.77
ME (MJ/kg DM) 9.30 11.40 13.20 7.27

Fatty acids
C14:0 (Myristic) 0.00 0.61 0.30 0.63
C16:0 (Palmitic) 21.20 13.56 13.50 18.59
C18:0 (Stearic) 0.20 1.60 3.20 0.10

C18:1n9cis (Oleic) 25.20 14.60 25.10 7.90
C18:2n6 (Linoleic) 13.30 31.60 50.10 13.50

C18:3n3 (α-linolenic) 12.20 6.50 3.20 43.25
C20:0 (Arachidic) 0.10 0.60 0.30 3.23
C20:1 (Gondoic) 0.10 0.10 - 0.20
C22:0 (Behenic) - - - 0.75
C22:1 (Erucic) - - - -

DM: Dry Matter; FAME: Fatty acid methyl esters; NDF: Neutral Detergent Fiber; ADF: Acid Detergent Fiber;
ADL: Acid Detergent Lignin; AIA: Acid Insoluble Ash; IVGP: In Vitro Gas Production; Metabolizable Energy.

Individual milk samples were collected twice a day (7:00 a.m. and 6:00 p.m.), mixed
together and stored at +4 ◦C. The milk collected per dam was divided into two aliquots, one
of which was analyzed for fat, protein and lactose by an infrared milk analyzer (Milkoscan
133-B, Foss Electric, Hillerod, Denmark) previously standardized for goat milk, while the
second aliquot was stored at −80 ◦C until fatty acid analysis was performed. Somatic cells
count (SCC) was also assessed and the result (103/mL) was transformed into logarithmic
form (log10).

For each treatment group, cumulative milk samples were collected daily and processed
for Caciotta cheese-making. The raw whole milk was filtered and heated in a stainless vat
to 36 ◦C; liquid calf rennet was added (0.36 mL/L of milk). After 20–25 min, at the end
of the coagulation process, the curd was cut with a knife into equal-sized pieces of 10 cm;
after 5 min of rest, the curd was broken into the size of rice grains and hand-worked until
it reached the characteristic spherical shape. The curd was placed into plastic cylindrical
molds of 15 cm in diameter and 11 cm high. After dry salting, the cheeses underwent
ripening for 20 days at 85% relative humidity and temperature +10 ◦C. Each Caciotta was
split into two halves, one of which was frozen (−80 ◦C) in order to carry out chemical and
fatty acid analyses, while the other was vacuum packed and refrigerated at +1 ◦C until
sensory analysis was performed. Ten cheeses were analyzed for each treatment group.

2.3. Chemical Composition of Feeds, Milk and Cheese

Pasture samples were collected along transects according to the methods previously
described [31]. Samples of grass and Camelina sativa green biomass were dried at 60 ◦C for
48 h in a stove, homogenized and analyzed. Samples of the pelleted feed, dried pasture,
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hay and Camelina sativa forage were ground in a hammer mill through a 1-mm sieve and
analyzed using the following AOAC international procedures [42]: DM (method 934.01),
fat (method 920.39), ash (method 942.05), CP (method 954.01), crude fiber (method 945.18),
ADF and ADL (method 973.18), and NDF (method 2002.04).

Cheese samples were homogenized and lyophilized. Fat content was determined by
the Soxhlet method and expressed as fat in DM. Total nitrogen was determined by the
Kjeldahl method [42] and expressed as protein content (nitrogen content × 6.38). In milk
and cheese samples, ash content was detected after burning a lyophilized sample in a
muffle furnace at 550 ◦C for 5 h.

2.4. Fatty Acid Profiles of Feeds, Milk, and Cheese

Total lipids were extracted from the homogenized samples (100 g) according to the
chloroform and methanol method described by Folch et al. [43]. Fatty acids (FA) were
methylated by using a BF3-methanol solution (12% v/v) [44]. The FA profile was assessed
with a Chrompack CP 9000 gas chromatograph with a silicate glass capillary column (70%
cyanopropyl polysilphenylene-siloxane BPX 70 of SGE Analytical Science, Chebios S.r.l.,
Rome, Italy; length: 50 m; internal diameter: 0.22 mm; film thickness: 0.25 µm). The temper-
ature program was 135 ◦C for 7 min, followed by increases of 4 ◦C per minute up to 210 ◦C.
Fatty acid peaks were identified by using a comparative analysis with standard reference
mixtures. For the identification of C18:2 cis9, trans11 isomer (conjugated linoleic acid,
CLA), a mixture of CLA methyl esters was used (Sigma-Aldrich, Darmstadt, Germany).

For cheese, FAME (fatty acid methyl esters) were prepared by direct transesterification
(IUPAC, 1987, method 2.301). Fatty acid analysis was performed according to the procedure
described by Caponio et al. [45] using a capillary gas chromatograph (Fison high-resolution
gas chromatography, HRGC Mega 2 series; Milan, Italy) equipped with a flame ionization
detector fitted with wall-coated open tubular fused-silica capillary column (FFAP-CB
coating, 25 m × 0.32 mm i.d. × 0.30 µm film thickness; Chrompack, Middleburg, the
Netherlands). The separation was performed at pre-programmed temperatures as follows:
50 ◦C for 3 min; 50 to 100 ◦C at a rate of 20 ◦C/min; 100 ◦C for 2 min; 100 to 240 ◦C at a rate
of 20 ◦C/min; 240 ◦C for 15 min. Hydrogen was the carrier gas (flow rate, 2 mL/min). The
injector temperature was 270 ◦C (splitting ratio, 1:17), and the detector temperature was
300 ◦C. Fatty acids were expressed as the percentage (wt./wt.) of total FAME.

The following lipid quality indices were calculated on goat milk and Caciotta cheese:
the atherogenic (AI) and thrombogenic (TI) indices [46]; the concentration of hypocholes-
terolemic (DFA) and hypercholesterolemic fatty acids (OFA) [47]; the ratio of hypocholes-
terolemic and hypercholesterolemic fatty acids (H/H) [48].

2.5. Assessment of Caciotta Cheese Colour and Texture Profile Analysis

The colorimetric features (L* = lightness, a* = redness, b* = yellowness) of Caciotta
cheese were determined using a HunterLab Miniscan™ XE spectrophotometer (model
4500/L, 45/0 LAV, 3.20 cm diameter aperture, 10◦ standard observer, focusing at 25 mm,
illuminant D65/10; Hunter Associates Laboratory Inc., Reston, VA, USA) by taking three
readings on the rind of each cheese sample. The instrument was normalized to a standard
white tile provided with the instrument before performing analysis (Y = 92.8, x = 0.3162 and
y = 0.3322) [49]. Moreover, the total color difference (∆E*ab) was also calculated according
to the following formula: ∆E*ab = [(∆L*)2 + (∆a*)2 + (∆b*)2]1/2 [50].

Evaluation of the rheological properties of Caciotta cheese was performed using an In-
stron 5544 universal testing machine (Instron Corp., Canton, MA, USA) equipped with a flat
steel probe of 25-mm diameter, which simulates the conditions applied during mastication
through a double compression test (texture profile analysis) elaborated by the incorpo-
rated software. The following experimental conditions were adopted: pre-load = 0.05 N;
test speed = 1 mm/s; deformation = 50%). For each experimental group, cheese cubes of
1 cm side, kept at 20 ◦C for 30 min, were evaluated in triplicate. Deformation at the first
bite (mm), springiness (mm), gumminess (N) and chewiness (N ×mm) were evaluated.
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2.6. Panel Test

The sensory properties of cheese were evaluated by a group of 10 panelists that had
prior experience with descriptive analysis (5 males and 5 females, 25–45 years old) at the
University of Bari campus. A small amount (20 g) of cheese from both C and CAM groups,
for a total of 20 samples (no. = 10/group), was placed in coded white small plastic plates
in a randomized order. All the samples were left at room temperature (about +20 ◦C)
for 30 min before administration [51] and were served together with non-salted crackers
and still water. For visual evaluation, the judge looked at the uniformity of rind and
paste colors (0 = not uniform; 9 = very uniform) and of the internal structure (0 = uniform;
9 = presence of eyes). As for the evaluation of the aroma, the judge evaluated the intensity
of the odor (0 = blank; 9 = very intense) regarding the following descriptors: cabbage,
turnip, herbaceous, mold, oil, butter and goat. The judges evaluated, also on a 9-point
scale, the flavor (salty, sweet, acid) and the texture (hardness, adhesiveness and solubility
following mastication). After tasting, each panelist rated the overall liking of the product
(0 = strongly disliked; 9 = strongly liked).

2.7. Statistical Analysis

All the data, repeated three times for each treatment, were subjected to analysis of
variance (ANOVA). Means were separated and compared by Tukey’s Honestly Significant
Difference (HSD) test.

3. Results and Discussion
3.1. Chemical and Fatty Acid Composition of Goat Milk

The chemical and fatty acid composition of milk obtained from grazing goats, fed a
control pelleted diet in association with hay or with Camelina sativa forage, are presented
in Table 2. The milk from the Camelina group showed a significantly (p < 0.05) higher
content of dry matter, fat and lactose in comparison with the control one. In the present
study, the chemical composition of the milk from the Ionica goats is comparable to that
reported by Di Trana et al. [30], who carried out a comparative study on milk chemical and
fatty acid composition in four goat breeds commonly reared in South Italy regions. Our
findings, in terms of milk chemical composition, fall within the range values recorded by
Rolinec et al. [52] in goats raised in conditions very close to ours, i.e., grazing on pasture
and supplemented with a commercial pelleted feed at housing.

The content of the somatic cells in the goat milk did not differ between the groups,
and it was lower in comparison with the results recorded by Kováčová et al. [53] during
April–May, which is the same period in which the present experiment was conducted. The
SCC score is used for the evaluation of milk quality; it is an indicator of the mammary
gland health and hygiene, and it varies widely in relation to breed, month of milking and
farming conditions [54], taking into consideration that goats are generally hand-milked in
small family processing plants following traditional procedures [55].

As for the FA profile of goat milk, supplementation with Camelina forage significantly
(p < 0.05) increased some saturated FA, such as C6:0, C11:0 and C14:0, while it lowered
(p < 0.05) the concentration of C12:0 and C18:0. Lauric (C12:0), myristic (C14:0) and
palmitic (C16:0) acids are the SFA able to increase blood cholesterol levels with negative
consequences on the cardiovascular system; therefore, a decrease in their concentration
in animal products is a desirable goal [56,57]. Since C18:0 is the most representative FA
among SLCFA, this class of FA was more abundant in milk from the control group as
compared with the Camelina one. The distribution of short-, medium- and long-chain FA is
quite different from that reported by Cossignani et al. [58], especially with regards to the
amount of SMCFA and SLCFA, which were 27.7% and 35.8%, respectively, in comparison
with the average of 46.8% and 8.5% found in our study. The differences in the FA profile
of milk may be attributable to the goat genotype, stage of lactation, feeding regimen or to
individual factors [52–54].
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Table 2. Chemical and fatty acid composition of goat milk (mean ± SEM).

Variable
Treatment

SEM 1
Control Camelina

Chemical composition (% DM)

Dry Matter 12.96 b 13.47 a 0.41
Fat 4.11 b 4.33 a 0.14

Protein 3.61 3.72 0.14
Ash 0.70 0.80 0.09

Lactose 4.54 b 4.62 a 0.05
Somatic cells (mean log10) 3.19 3.24 0.10

Fatty acids (% FAME)
C4:0 1.25 1.28 0.11
C6:0 1.83 b 2.76 a 0.25
C8:0 3.35 2.91 0.32
C10:0 11.30 10.32 0.93
C11:0 0.06 b 0.16 a 0.02
C12:0 6.13 a 5.20 b 0.49
C13:0 0.15 0.18 0.02
C14:0 6.31 b 10.89 a 1.00
C14:1 0.40 0.56 0.09
C15:0 1.45 1.55 0.14
C16:0 19.41 18.11 0.60
C16:1 0.63 0.68 0.08
C17:0 1.20 1.23 0.13
C18:0 9.48 a 6.48 b 0.72

C18:1 n-9 15.23 14.97 0.95
C18:2 n-6 2.47 b 3.30 a 0.19

CLA, c9t11 0.71 b 0.91 a 0.08
C18:3 n-3 0.40 0.44 0.04

C20:0 0.49 0.48 0.04
C20:4 n-6 0.23 0.21 0.04
C20:5 n-3 0.29 0.22 0.02
C22:6 n-3 0.09 0.06 0.01
Total SFA 62.41 61.55 3.09

Total MUFA 16.26 16.29 1.02
Total PUFA 4.34 b 5.35 a 0.22
Other acids 16.99 16.81 1.28

SSCFA (Saturated Short Chain FA) 6.43 6.95 0.48
SMCFA (Saturated Medium Chain FA) 46.01 47.64 2.30

SLCFA (Saturated Long Chain FA) 9.97 a 6.96 b 0.74
Total n-6 3.40 b 4.42 a 0.20
Total n-3 0.94 0.93 0.07
n-6/n-3 3.62 b 4.75 a 0.47

AI (Atherogenic Index) 2.65 3.08 1.07
TI (Thrombogenic Index) 2.93 2.66 0.67

DFA (Hypocholesterolemic FA) 30.07 28.03 2.08
OFA (Hypercholesterolemic FA) 31.85 34.20 2.09

H/H (DFA/OFA) 0.95 0.82 0.16
1 Standard error of means. Differences between diets: a,b: p < 0.05. DM: Dry Matter; FAME: Fatty acid methyl
esters; SFA: Saturated Fatty Acids; MUFA: Mono Unsaturated Fatty Acids; PUFA: Poly Unsaturated Fatty Acids;
SSCFA: saturated fatty acids from C4:0 to C8:0; SMCFA: saturated fatty acids from C10:0 to C17:0; SLCFA:
saturated fatty acids from C18:0 to C24:0.

Supplementation with Camelina sativa forage significantly (p < 0.05) enhanced the
concentration of linoleic acid (C18:2, n-6), CLA, and PUFA, with benefits for human
health [59]. Pikul et al. [23] found an almost two-fold greater concentration of CLA and a
higher content of unsaturated FA, both MUFA and PUFA, in milk from goats supplemented
with false flax cake. Ruminant dairy products are known to be the major dietary source of



Animals 2021, 11, 1589 8 of 14

CLA, in particular of rumenic acid, which is the cis-9, trans-11 isomer, whose concentration
increases in milk from grazing animals [60,61]. CLA has a well-documented effect in
preventing atherosclerosis, different types of cancer and hypertension, besides exerting
positive effects on the immune response [56–59]. The milk average CLA concentration
found in this trial is higher in comparison with the results reported in a previous study
carried out on commercial goat milk [58]. The concentration of total fatty acids of the
n-6 series was significantly increased (p < 0.05) following supplementation with Camelina
forage and, as a consequence, also the n-6/n-3 ratio was greater (p < 0.05). According
to Wood et al. [62], the optimal value of the n-6/n-3 ratio should be 4:1 or less. In this
study, the n-6/n-3 ratio found for both of the groups is suitable and similar to the findings
reported by other authors [58,61]. No differences between dietary treatments arose for any
of the lipid quality indices assessed in goat milk. The atherogenic index found in milk
from both of the groups falls within the range of 2.20–3.29, which is in agreement with the
results reported in the literature for goats’ milk [47].

3.2. Chemical and Fatty Acid Composition of Goat Caciotta Cheese

Table 3 shows the results of the chemical and fatty acid profile of goat Caciotta cheese.
The dietary treatment did not affect the chemical composition of the cheeses, in accordance
with the findings reported in a study conducted on kefir produced from goats fed a false
flax supplement [23]. The Camelina diet significantly lowered (p < 0.05) the concentration of
stearic acid (C18:0), while it determined an increase (p < 0.05) in the content of arachidonic
(C20:4 n-6) acid. Goat milk and cheeses contain more essential FA, such as linoleic and
arachidonic acids, compared to cow dairy products [63]. In ruminant milk, linoleic acid
is required for the synthesis of arachidonic acid, which is the precursor of eicosanoids,
including prostaglandins, thromboxanes, and leukotrienes. These have key roles in the
regulation of inflammation, immunity, platelet aggregation, smooth muscle contraction
and kidney function. Inappropriate or excess production of these eicosanoids leads to
disease occurrence [64].

Table 3. Chemical and fatty acid composition of goat Caciotta cheese (mean ± SEM).

Variable
Treatment

SEM 1
Control Camelina

Chemical composition (% DM)

Dry Matter (%) 54.31 53.67 0.53
Fat 15.76 15.52 0.46

Protein 26.22 25.78 0.61
Ash 2.70 2.61 0.11

N-free extracts 9.63 9.76 0.23
Fatty acids (% FAME)

C4:0 1.18 1.20 0.09
C6:0 1.84 2.99 0.37
C8:0 3.78 3.59 0.29
C10:0 13.48 12.06 0.56
C11:0 0.11 0.16 0.02
C12:0 5.32 5.27 0.44
C13:0 0.16 0.17 0.01
C14:0 8.56 10.30 0.53
C14:1 0.37 0.22 0.02
C15:0 1.68 1.67 0.18
C16:0 20.10 18.32 0.69
C16:1 0.87 1.27 0.12
C17:0 1.55 1.11 0.19
C18:0 8.82 a 7.16 b 0.72
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Table 3. Cont.

Variable
Treatment

SEM 1
Control Camelina

C18:1 n-9 17.51 17.19 0.43
C18:2 n-6 2.86 3.20 0.10

CLA, c9t11 0.86 0.83 0.10
C18:3 n-3 0.51 0.47 0.06

C20:0 0.58 0.49 0.07
C20:4 n-6 0.04 b 0.30 a 0.06
C20:5 n-3 0.08 0.10 0.04
C22:6 n-3 0.32 0.24 0.01
Total SFA 67.16 64.49 1.97

Total MUFA 18.43 17.20 0.53
Total PUFA 4.87 5.38 0.14
Other acids 9.54 12.93 1.97

SSCFA 6.80 7.78 1.36
SMCFA 50.96 49.06 1.48
SLCFA 9.40 7.65 1.96

Total n-6 3.76 b 4.33 a 0.32
Total n-3 1.11 a 1.05 b 0.27
n-6/n-3 3.38 b 4.12 a 1.30

Index of atherogenicity (IT) 2.59 2.64 0.11
Index of thrombogenicity (IA) 2.59 2.36 0.12

DFA (Hypocholesterolemic FA) 32.11 31.67 1.14
OFA (Hypercholesterolemic FA) 34.04 33.89 0.86

H/H (DFA/OFA) 0.94 0.93 0.05
1 Standard error of means. Differences between diets: a,b: p < 0.05. DM: Dry Matter; FAME: Fatty acid methyl
esters; SFA: Saturated Fatty Acids; MUFA: Mono Unsaturated Fatty Acids; PUFA: Poly Unsaturated Fatty Acids;
SSCFA: saturated fatty acids from C4:0 to C8:0; SMCFA: saturated fatty acids from C10:0 to C17:0; SLCFA:
saturated fatty acids from C18:0 to C24:0.

Similarly to the results obtained for goat milk, also Caciotta cheese produced from the
Camelina group showed a significantly higher (p < 0.05) content of FA of the n-6 series, as
well as a greater n-6/n-3 ratio. However, for both of the groups the value of the n-6/n-3
ratio was close to four, thus resulting as adequate from the nutritional point of view.

Accordingly to the findings recorded for goat milk, the lipid quality indices of the
Caciotta cheeses did not statistically differ between the groups. A comparative study
conducted on cow, sheep and goat hard cheeses put in evidence similar values of H/H
between the three species. However, the upper limit found for the mean range of goat
cheese was slightly higher (0.75) in comparison with the values of 0.60 and 0.63 found
for cow and sheep cheeses, respectively. The H/H ratio is related to the metabolism of
lipoproteins involved in plasma cholesterol transport, and to the risk of cardiovascular
disease development. Higher values of this ratio, as obtained in our study, have been
reported to be desirable [65,66].

3.3. Assessment of Caciotta Cheese Colour and Texture Profile Analysis

Table 4 shows the results of the instrumental analysis performed on goat Caciotta in
order to assess the cheese color features and the rheological properties following compres-
sion. No statistical difference arose between the two dietary treatments, neither for the
color nor for the texture profile.
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Table 4. Color evaluation and texture profile analysis of goat Caciotta cheese (mean ± SD).

Descriptor
Treatment

Control Camelina

L* 60.87 ± 2.32 60.12 ± 2.10
a* −2.50 ± 0.32 −2.61 ± 0.27
b* 2.25 ± 0.19 2.84 ± 0.23

Deformation (mm) 6.30 ± 1.41 6.42 ± 1.18
Springiness (mm) 8.90 ± 1.10 8.83 ± 0.98
Gumminess (N) 21.10 ± 1.01 20.80 ± 1.33

Chewiness (N ×mm) 120.30 ± 10.64 115.70 ± 11.95
SD: Standard deviation; L*: lightness, a*: redness, b*: yellowness.

The L* value of the Caciotta cheeses found in the present study is slightly higher in
comparison with the findings reported by Innosa et al. [67] on Caciotta cheeses obtained
from a different goat breed and ripened for a longer period, but lower in comparison
with the results reported by Kováčová et al. [53] for cheeses ripened only for 12 days.
The duration of the ripening period, by affecting the moisture content and the occurrence
of oxidative processes involving fats and proteins, seems to be the major factor able to
influence the lightness in a dairy product [67]. The higher b* value found for the cheese
of the Camelina group, although not statistically significant (p = 0.06), may be due to
the higher content of fat-soluble vitamins in the Camelina fresh forage and in its flowers,
responsible of the tendency for the cheese to take on a yellowish color. Ruminant diets
containing large amounts of green forage determine an increase in the concentration of
the pigments in milk, among which the most common is carotene, which contributes to
the yellow coloration of dairy products [68]. The ∆E*ab calculated in the present study, in
order to compare the overall color differences between the cheeses from the two treatment
groups, was equal to 0.96; according to the criteria suggested by Larraín et al. [50], changes
in the instrumental color measurements may be visually noticeable when the ∆E*ab value
falls within a range between 2 and 6. Based on this statement, in our trial, the ∆E*ab value
of 0.96 is too low to be visible to the average person. As a matter of fact, this evidence is
confirmed by the results of the panel test described onwards.

The diet did not affect any of the rheological characteristics of the Caciotta cheese,
even though slightly lower values of gumminess and chewiness were recorded following
the Camelina diet, which may be related to the higher concentration of fatty acids of the n-6
series found in the cheeses of this group. Similarly, Hurtaud and Peyraud [22] found that
Camelina-based diets provided butters that were less firm and spreadable, as a consequence
of the greater concentration of unsaturated fatty acids.

3.4. Sensory Properties of Caciotta Cheese

Table 5 shows the results of the panel test carried out on the Caciotta cheeses. The
overall liking of Caciotta cheese from the Camelina-based diet was significantly (p < 0.05)
higher in comparison with the control group. Furthermore, the panelists gave better
scores (p < 0.05) to the Caciotta cheese from the Camelina group also in terms of odor,
taste and consistency, since the improved hardness and solubility features were recorded.
The Camelina-based diet determined a significantly (p < 0.05) higher “goaty” flavor in
comparison with the Caciotta cheeses obtained from the control group, which is a desirable
sensory attribute. The other descriptors used to judge the Caciotta cheese were quite similar
between the two groups, thus the general opinion expressed by the trained panelists
was fully acceptable with regards to the cheese obtained from the Camelina-fed goats.
Pikul et al. [23] reported no statistically significant effect on the organoleptic features of
kefir produced from goats supplemented with false flax cake. There is limited information
in research papers focusing on the effect of feeding with Camelina sativa as forage on the
fatty acid profile of milk and cheeses in small ruminants. Moreover, the few data available
are hardly comparable since there are many different variables. Goat Caciotta cheeses
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may differ greatly depending on the characteristics of the goat milk as well as on the
cheese-making technique [30,31]. Furthermore, the duration of cheese ripening is a very
important feature that affects the sensory properties of cheese, since flavor compounds
develop as a result of the activity of cheese bacteria [55], and of the metabolic pathways
involving fat, lactose and proteins [69].

Table 5. Sensory properties of goat Caciotta cheese (mean ± SD).

Descriptor
Treatment

Control Camelina

Cabbage 0.00 ± 0.32 0.10 ± 0.01
Turnip 0.20 ± 0.32 0.10 ± 0.04

Herbaceous 0.90 ± 0.79 0.80 ± 0.10
Mold 1.40 ± 1.10 1.10 ± 0.9

Oil 3.30 ± 1.41 3.30 ± 1.18
Butter 0.90 ± 0.80 0.90 ± 0.80
Goat 2.10 ± 1.01 b 3.80 ± 2.33 a

Sweet 3.30 ± 1.64 2.70 ± 1.95
Salty 5.90 ± 2.50 5.70 ± 3.60
Acid 3.70 ± 2.07 3.50 ± 1.80

Hardness 5.50 ± 2.05 b 7.00 ± 2.50 a

Adhesiveness 1.88 ± 1.66 2.10 ± 0.80
Solubility 4.50 ± 2.50 b 5.20 ± 2.99 a

Colour 8.00 ± 0.67 8.00 ± 0.60
Structure 1.30 ± 0.67 1.30 ± 0.60

Odour 6.50 ± 0.67 b 7.60 ± 0.50 a

Taste 6.50 ± 0.32 b 7.70 ± 0.80 a

Overall liking 6.50 ± 0.72 b 7.80 ± 0.50 a

SD: Standard deviation. Differences between diets: a,b: p < 0.05.

4. Conclusions

This is a preliminary study aiming to evaluate the possibility to use the whole plant
of Camelina sativa (L. Crantz) during the flowering stage of growth, as fresh forage for
autochthonous goats reared by an extensive and environmentally friendly system, on the
fatty acid profile of milk and Caciotta cheese. Although dietary supplementation with
Camelina fresh forage determined an increase in the concentration of myristic acid in milk,
in turn it enhanced the content of CLA and PUFA, with potential benefits for human health.

From the nutritional point of view, the Caciotta cheeses were similar between the two
groups. The recruited panelists appreciated more the cheese obtained from goats fed with
Camelina forage, which was judged to have a satisfactory palatability. Further investigation
would be advisable to evaluate the effect of feeding Camelina sativa forage obtained from
different phenological stages of the development of the plant, along with the application of
ensiling techniques in order to enable the forage preservation.
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