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ABSTRACT

Growth performances, carcass characteristics and meat quality parameters from growing
rabbit fed with two levels of dietary brown seaweed (Laminaria spp) and plant polyphenols were
investigated. One hundred and forty-four New Zealand White rabbits were allotted into three
dietary treatments containing 0 (C), 0.3% (T1), and 0.6% (T2) of brown seaweed and plant
polyphenols mixture for 42 days. Growth performances and carcass weight were improved in T1
group. Vitamin A and E content in Longissimus thoracis and lumborum (LTL) and
Semimembranosus (SM) muscle were enhanced in the treated groups. In the SM muscle, the
oxidative stability was improved in rabbit fed with both dosages of dietary supplement, and the
cholesterol content tended to be lower in T1 than in T2 and C groups. The LTL and SM muscle
sensory characteristics were improved. In conclusion, dietary integration with a low dosage of
brown seaweed and plant polyphenols is a valid strategy for enhance growth performance and

produce healthier rabbit meat.

Keywords: brown seaweed, growth performances, plant polyphenols, meat quality, rabbit.



51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

1. Introduction

Animal welfare and farm sustainability are key factors in animal production systems
(Dawkins, 2016). Consumers increasingly demand products of animal origin that come from
production chains certified for animal welfare. Production institutions also restrict antibiotic use to
prevent antibiotic resistance (Roca et al., 2015). Therefore, sustainable nutritional strategies able to
support animal health and enhance product quality are required.

In recent years, herbs and spices containing polyphenols have been investigated as feed
supplements to improve rabbit health and meat quality parameters, due to their effects on the
digestive function and growth performance and their antioxidant and antimicrobial properties (Dalle
Zotte, Celia & Szendrd, 2016). In this context, seaweeds are also potentially important in animal
nutrition due to their high content of bioactive molecules (Makkar et al., 2016). In particular, brown
seaweed has been of interest as a functional dietary ingredient, due to its various health benefits
related to its sulfated polysaccharides, phlorotannin, diterpenes, minerals and vitamins content
(Maghin, Ratti & Corino, 2014).

Rabbit meat is particularly appreciated by consumers due to its healthy properties (Wang,
Su, Elzo, Jia, Chen, & Lai, 2016). Compared to other meats, rabbit has low fat and cholesterol
content and high levels of protein with essential amino acids, and with a high digestibility value
(Dalle Zotte, 2002). The high degree of unsaturation of fatty acids makes this meat particularly
susceptible to oxidative processes during storage, with negative effects on sensory parameters and
nutritional value (Dal Bosco et al., 2014). Previous studies have reported that in rabbit meat lipid
oxidation can be prevented using vitamin E or natural extract supplements, which are good sources
of dietary antioxidants (Corino, Pastorelli, Pantaleo, Oriani, & Salvatori, 1999; Dal Bosco et al.,
2014; Dalle Zotte et al., 2016; Vizzarri, Palazzo, D’ Alessandro, & Casamassima, 2017).

There is a growing interest in the use of natural supplements in rabbit nutrition to enhance

productive performance, thus improving rabbit health and meat quality parameters (Hassan,
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Mahrose, & Basyony, 2016). Dalle Zotte et al., (2016) reported that several herbs and spices
containing polyphenols have shown positive effects such as being growth promoters, antimicrobials
and antioxidants in rabbit species. Makkar et al. (2016) reported that dietary supplementation with
brown seaweed in rabbit has different effects: Laminaria spp. improved blood lipid profiles, but the
use of Ascophillum nodosum should be avoided because it had a toxic effect. No previous studies
have reported the effects of dietary brown seaweed in association with plant polyphenols in growing
rabbit and on growth performances and meat quality parameters. Thus, the aim of the study was to
investigate the effects of a dietary brown seaweeds and plant polyphenols mixture on productive

performance, carcass characteristics, and meat quality parameters in growing rabbits.

2. Material and Methods
2.1. Animal and experimental treatments

Rabbits were handled following the guidelines for animal experiments, indicated in the EU
Directive 2010/63/EU and national guidelines for the care and use of animals were followed and all
experimental procedures involving animals were approved by the National Agricultural and Food
Centre ethical committee (No. NPPC 18-10-2016).

A total of 144 New Zealand White rabbits, half males and half females, were housed at the
National Agricultural and Food Centre, Nitra (Slovak Republic). At weaning, the 35-day-old rabbits
were randomly allotted into three experimental groups balanced for sex (48 rabbits per treatment).

Rabbits were housed in cages (2 female and 2 male rabbits/cage) and the trial lasted 42 days.
The cages were equipped with a hopper for feed and an automatic nipple drinking system. The
lighting cycle throughout the trial was 16h of light and 8h of dark. Heating and forced ventilation
systems allowed the building temperature to be maintained within 18 + 4°C. The relative humidity
was about 70 + 5%.

Rabbits were fed a control diet (C) or T1 and T2 diets, which were supplemented with 0.3%

and 0.6% of feed additive consisting of prebiotic polysaccharides from brown seaweeds (Laminaria
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Digitate and Hyperborea, ratio 1:1) plus phenolic acid, hydroxycinnamic acids, tannins, and
flavonoids from plant extracts.

The diets included no anticoccidials, antibiotics or other medications. The supplement was
included in the basal mashed diet. All the experimental diets were pelleted. The two dosages of the
natural extract were chosen after an in vitro evaluation of the minimal inhibitory concentration
(MIC) against Clostridium spp., Staphylococcus spp., and Escherichia coli spp. (Tosi, personal
communication). The ingredients and chemical composition of the experimental diets are reported
in Table 1.

The chemical composition of the diets and feed supplement were in accordance with the
methods of the Association of Analytical Chemists (AOAC, 2002). The quantitative analysis of the
phenolic compounds of the supplement was performed using HPLC-UV-DAD, according to Russo
et al. (2017). The quantification of beta-carotene of the feed supplement was performed in
accordance with the method proposed by Rakusa, Srecnik, & Roskar (2017). The chemical
composition, phenolic composition and carotenoid content of the feed supplement is reported in
Table 2.

Throughout the study feed was available ad libitum and animals were monitored daily to
assess their health conditions. They were weighed at the beginning (0 day), at 21 days and at the
end of the experimental trial (42 days). The daily feed intake was calculated from the amounts of
feed offered and refused weekly. These data were used to calculate the average daily gain (ADG),
average daily feed intake (ADFT) and feed conversion ratio (FCR).

At 77 days old, all rabbits were weighted and after 6 h fasting, 12 animals per group (1 male
rabbit/cage) were randomly selected and slaughtered at the research center slaughterhouse. Rabbits
were subjected to electrical stunning and sacrificed by bleeding according to the guidelines
established by the European Community (1099/2009/EC) for the protection of animals during
slaughter. Carcasses were chilled for 24 h at +4°C and then dissected, according to the

recommendations of the WRSA (Blasco & Ouhayoun, 1996), discarding the skin, the distal part of
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the limbs, genitals, bladder, and gastrointestinal tract, and carcass measurements and meat quality
analyses were conducted. The Longissimus thoracis and lumborum (LTL) muscle and thighs (n =
12) were removed from each carcass. Samples were vacuum packed and stored at -20°C until lab
analyses. The Semimembranosus (SM) and the LTL muscles (n = 12) were subjected to lab analyses

to investigate their meat quality parameters.

2.2 Physical parameters

The pH and color parameters were measured 24 h after slaughter. The pH was performed
using a pH meter (HI98191 microcomputer; Hanna Instruments, Vila do Conde, Portugal). The pH
probe was calibrated using standard buffers of pH 4.0 and 7.0 and the maintenance of calibration
was monitored between samples.

The International Commission on [llumination’s (CIE) lightness (L*), redness (a*), and
yellowness (b*) values were measured for the samples using a CR-300 Chroma Meter (Minolta
Camera, Co., Osaka, Japan). The instrument was calibrated on the Commission Internationale
d’Eclairage (CIE) LAB color space system using a white calibration plate (Calibration Plate CR-
A43; Minolta Camera Co.). The colorimeter had an 8-mm measuring area and was illuminated with
a pulsed Xenon arc lamp (illuminat C) at a viewing angle of 0°. Reflectance measurements were
obtained at a viewing angle of 0° and the spectral component was included. The color variables
were measured at three different points on the central part of the samples. Moreover, total colour

differences (TCD) were calculated using the following equation: AE*=(AL**+Aa**+Ab*?)!/2,

2.3 Chemical parameters

Dry matter (DM), protein, ether extract (EE), and ash contents of the LTL and SM muscles
were determined according to AOAC (2002) methods. Dry matter was determined by the oven
drying method at 105°C until constant weight (method 950.46), protein by the Kjeldahl method

(method 990.03) using a 6.25 factor to convert the nitrogen content into total protein, the ether
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extract by Soxhlet extraction (method 920.39), and ash by using a muffle furnace for 12 h at 550°C
(method 920.153).

The cholesterol content of the LTL and SM muscles was determined in accordance with the
procedure of Du and Ahn (2002). Lipids were extracted from 1.5 g of minced meat homogenate
with 33% KOH (ratio of 94:6), using Ultra-Turrax T18 Homogenizer (IKA, Cincinnati, USA) and
keeping in ice to avoid oxidation processes. Cholesterol was extracted with 5 ml of hexane, and 1 pl
was injected into the gas chromatograph. The cholesterol was identified based on the retention time
of the standard (Sigma Aldrich, St. Louis, USA), and quantified with the Chrom Card Data System
(version 1.17) software by comparing the peak area with the reference standard curve. All samples

were analyzed in triplicate.

2.4 Oxidative stability

Meat oxidative stability was measured by evaluating the thiobarbituric acid-reactive
substances (TBARS) content of 4°C chilling SM meat samples at 0 h, and then at 24 h and 72 h, in
accordance with Meineri, Cornale, Tassone, and Peiretti (2010). The implemented method was as
follows: 500 mg of meat was homogenized with 10 mL of distilled water using a Homogenizer
Ultra Turrax T25 (IKA, Cincinnati, USA), and 2.5 mL of 25% trichloroacetic acid was added to the
homogenized sample, cooled at 4°C for 15 min, and then centrifuged at 4000 g at 4°C for 5 min.
The supernatant was filtered through Whatman 52 filter paper, and an aliquot of 3.5 mL was added
to 1.5 mL of 0.67% thiobarbituric acid and incubated at 70°C for 30 min.

Immediately after cooling, the absorbance of the sample was read in a spectrophotometer at
532 nm and compared to a standard curve of malondialdehyde (MDA ; Sigma Aldrich, St. Louis,
USA). All analyses were performed in duplicate and the results were expressed as mg of MDA per

kg of meat.

2.5 Vitamin E and A content
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Alpha-tocopherol and retinol were determined in both muscles using a procedure modified
from Zaspel and Csallany (1983). The muscles were analyzed using an HPLC system (Kontron
Instruments, Milan, Italy) consisting of an autosampler (HPLC autosampler 360, Kontron
Instruments, Milan, Italy) with a loop of 20 pL, a high-pressure pump and a C18 column 5 pm, 150
mm x 4.6 mm (Phenomenex, Torrance, CA, USA). The mobile phase consisted of acetonitrile and
methanol (75: 25 v/v) and a flow rate of 1 mL per min was used. The alpha-tocopherol and retinol
were identified using a fluorimeter detector and comparing the samples’ retention time with the
pure standards (97%) purchased from Sigma Aldrich (St. Louis, USA). The quantification was
carried out using the Geminyx system (version 1.91) by comparing the area sample peak with that

of the reference standards curve.

2.6 Sensory evaluation

The LTL muscle and thigh preparation for sensory analysis was conducted after thawing for
24h at 4°C. Both samples were then prepared as single pieces in an uncovered stainless-steel dish in
a conventional oven (REX, Italy) at 180°C. A thermocouple (Pentronic AB, Gunnebobruk, Sweden)
was inserted into the center of each piece of meat to register the core temperature. The samples
were removed from the oven at 75-80°C to allow for post-heating rise. After cooling the entire LTL
muscle and thigh were cut into 1.5¢m thick slices (Electrolux 50, 220-24, kW0.2). The slices were
warmed to 60°C before the evaluation.

A trained sensory panel, consisting of eight members familiar with descriptive analysis
procedures (EN ISO 13299, 2010), was established. All assessments were carried out in a sensory
laboratory equipped according to EN ISO 8598, (1989) recommendations. The list of descriptors,
definitions, and standards are reported in Palazzo, Vizzarri, Nardoia, Ratti, Pastorelli, and
Casamassima (2015). The sensory profile was assessed according to EN ISO 13299 (2010) and the
panel evaluated the two samples (thigh and LTL) on different days in triplicate. Within each session

the design was balanced for order and carry-over effects (MacFie, Bratchell, Greenhoff, & Vallis,
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1989). During training and sampling, the panelists had access to unlimited water and unsalted
crackers. They were requested to evaluate the intensity of each attribute by assigning a score

between 1 (absence of the sensation) and 9 (extremely intense).

2.7 Statistical analysis

Data on productive performance and slaughter parameters, were analyzed using one-way
analysis of variance (ANOVA), with diet as fixed effect and cage as random effect (SPSS/PC
Statistics 25.0 SPSS Inc., IBM). Meat physical and chemical parameters were processed with a one-
way ANOVA, with diet as fixed effect. A repeated measure ANOVA with diet, storage time and
their interaction as fixed effects, was used to analyzed TBARS data. Means were compared
according to the Duncan’s test. The sensory data were submitted to ANOVA with samples, judges,
replicates, and their interactions as effects (EN ISO 13299, 2010). The significance of these effects
was tested with F tests. Post-hoc pairwise contrasts were evaluated by Duncan’s test. The cage was
considered as the experimental unit for growth performance and the rabbit for the meat quality
parameters. Data are reported as mean = SEM. Differences among treatments were considered

significant at P < .05.

3. Results and Discussion
3.1 Productive performance and carcass characteristics

The data of the productive performance of growing rabbits are reported in Table 3. The live
weight was improved at 21 days (P < .05) and tended to be higher at 42 days (P = .06) in rabbit fed
a lower dosage of the dietary supplement (T1 group) than the other two groups. Therefore, the ADG
(0-42 d) tended to be higher (P = .06) in the T1 group. The feed conversion ratio was also improved
(P <.01) in rabbits fed with a diet containing 0.3% of the natural extract mixture. The ADFI was
lower in T2 than in C groups (P < .05) in the first period of the trial (0-21 d). Considering the ADFI

in the first period of the trial, it is possible that the high dosage of bioactive compounds of the
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supplement negatively affected diet palatability and consequently growth as previously observed in
rat fed high dosage of ellagic acid (Cerd4, Ceron, Tomdas-Barberan & Espin 2003).

The slaughter weight (2.71 + 0.067 kg C vs 2.91+ 0.035 kg T1 vs 2.80 £ 0.052 kg T2; P =
.013) and carcass weight (1.61 £ 0.041 kg C vs 1.75 £ 0.026 kg T1 vs 1.66 = 0.029 kg T2; P =.012)
of the sampled rabbits were higher in the T1 group than in the others. The dressing percentage was
not affected by the dietary treatments (59.4 + 0.434 % C vs 59.6 + 0.327 % T1 vs 59.7 + 0.446 %
T2; P=.929).

The data is thus in agreement with previous studies of post-weaning piglets that reported an
improvement in ADG due to dietary supplementation with Laminaria spp. extract (Gahan, Lynch,
Callan, O’Sullivan, & O’Doherty, 2009; McDonnell, Figat, & O’Doherty, 2010). An enhancement
of growth performance was also observed in broilers with a dietary supplementation of Ascophillum
nodosum meal (Evans & Critchley, 2014). Brown seaweed contains a high amount of water-soluble
polysaccharides such as laminarins, fucoidans, and alginates. These constituents have been shown
to have prebiotic effects and to reduce pathogenic microorganisms in the gastrointestinal tract in
both in vitro and in vivo studies (Chen et al., 2018; Sweeney et al., 2011). In vitro prebiotic activity
of fucoidans and alginates from brown seaweed has been found with an increase in the growth rate
of Lactobacillus spp. (Okolie, Rajendran, Udenigwe, Aryee, & Mason, 2017). In addition, Lynch,
Sweeney, Callan, O’Sullivan, and O’Doherty (2010) reported that laminarins have antibacterial
properties, stimulate Bifidobacteria, and increase the production of short chain fatty acid (SFA) in
the gut.

Studies have reported conflicting data on plant polyphenols supplementation and the
enhancement of growth performance. Zhao, Xu, Du, Li, and Zhang (2005) found an improvement
in feed intake and growth performance in growing rabbits fed traditional Chinese herbs, which
contain polyphenols. In another study, dietary supplementation with microalgae spirulina and thyme

was not found to affect rabbit performance (Dalle Zotte, Sartori, Bohatir, Remignon, & Ricci,
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2013). Palazzo et al. (2015) also reported no differences in ADG and the final weight of rabbit fed
Lippia citriodora extract.

In the present study, the active principles of brown seaweed and plant polyphenols had a
positive effect on antioxidant status, as shown by the TBARS values and the vitamin E content of
the muscles, and probably on gut bacteria populations, due to more efficient feed utilization and
consequently an improvement in growth performance.

Indeed, positive effects on digestibility of nitrogen (N), gross energy (GE), fibers (NDF),
and ash have been reported in post-weaning weaned piglets (O’Doherty, Dillon, Figat, Callan, &

Sweeney, 2010; O’Shea, McAlpine, Sweeney Varley & O’Doherty, 2014).

3.2 Meat quality parameters of LTL and SM muscles

The data on the physical and chemical parameters of the LTL and SM muscles are reported
in Table 4 and 5, respectively. The pH values were affected by dietary treatments in both LTL and
SM muscles (P < .05), but the ranges fall within the values reported in previous studies (Maj,
Bieniek, & Lapa, 2008; Carrilho, Lopez, & Campo, 2009).

No difference (P > .05) was observed for the color indexes in either muscle in terms of
dietary treatments, in agreement with the data reported for the LTL and SM muscles (Daszkiewicz,
Gugolek, Janiszewski, Kubiak, & Czoik, 2012; Timova, Bizkova, Skiivanova, Chodova, Martinec,
& Volek, 2014). The TCD values resulted 1.41 and 1.33 for T1 and T2 treatment respectively,
indicating small difference in perceivable colour (TCD < 1.5) (Adekunte, Tiwari, Cullen, Scannell,
& O’donnell, 2010).

The chemical composition of the LTL muscle was not affected by the dietary treatment,
except that the ash content was lower (P <.001) in muscles from rabbit in the T1 group than those
in the C and T2 groups. These data are in line with the results of previous studies on growing rabbit

(Dal Bosco, Castellini, Bianchi, & Mugnai, 2004; Daszkiewicz et al., 2012).
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In the SM muscle, the cholesterol content tended to be lower (P = .052) in rabbit fed with
the low dosage of dietary supplement (T1) than in those in the T2 and C groups. A previous study
showed that dietary Laminaria spp. (1 g/d for 14 days) lowered cholesterol and triglycerides in
rabbits with experimental hyperlipoproteinemia (Tang & Shen, 1989). In addition, Vizzarri et al.
(2017) reported a lower cholesterol content in rabbit LTL muscle due to dietary supplementation
with plant polyphenols, which can modulate the activity of enzyme 5-hydroxy-3-methylglutaryl-
coenzyme A (HMG-CoA) reductase, which regulates the metabolic pathway for cholesterol
synthesis (Kowalska & Bielanski, 2009).

In other animal species such as pigs, donkeys, horses and lambs dietary supplementation
with natural extracts containing plant polyphenols was found to slightly affect the pH, color indexes
and muscle chemical composition (Rossi, Pastorelli, Cannata, Tavaniello, Maiorano, & Corino,

2013; Rossi et al., 2017a; Valenti et al., 2019).

3.3 Vitamin content of LTL and SM muscles

Figure 1 (A, B) shows the vitamin A and E content of LTL and SM muscles in terms of the
dietary treatments. The vitamin A content was higher (P <.001) in the LTL muscle of rabbit fed
brown seaweed and plant polyphenols (T1 and T2 groups) than in the control. In the SM muscle a
higher content (P < .001) of vitamin A was observed in the T1 group than in the C and T2 groups.
Vitamin E content was higher in the LTL muscles of rabbit in the T1 and T2 groups than in the
control group. In the SM muscle a higher content (P <.001) of vitamin E was observed in the T1
group than in the C and T2 groups.

higher content (P <.001) of vitamin E was observed in the T1 group than in the C and T2
groups. The higher content of vitamin A in muscles from rabbit of T1 and T2 groups than control
should be related to the carotene content and the several antioxidant compounds from the dietary
supplement. The carotenoids are present in Laminaria spp. in amount variable from 468 to1065

mg/kg DM as reported by Jacobsen, Sorensen Holdt, Akoh, & Hermund (2019).


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hmg-coa-reductase

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

The dietary supplement contained several polyphenol compounds such as neochlorogenic
acid, syringic acid and ellagic acids that possess a high antioxidant activity. As observed in rat the
dietary hydroxycinnamic acid derivatives protecting vitamin E from oxidation in all tissues (Frank,
Kamal-Eldin, Razdan, Lundh, & Vessby, 2003). Moreover, it is reported by Kumar, Prahalathan, &
Raja (2012) that dietary supplementation with syringic acid in hypertensive rat positively affect
vitamin E and C serum and tissue, reducing oxidative stress.

A previous study reported that Ascophyllum nodosum extract increases serum vitamin A in
lamb and liver vitamin E in beef (Allen et al., 2001). Other studies of pigs reported that dietary
supplementation with brown seaweed (Ascophyllum spp., Laminaria spp.) increased the antioxidant
status of piglets, measured as plasma superoxide dismutase, catalase, and muscle TBARS (Wang et
al., 2016; Moroney, O'Grady, Robertson, Stanton, O' Doherty, & Kerry, 2015). The present data
agree with Palazzo et al. (2015), who reported an increase in vitamin E content in the LTL muscle
of New Zealand white rabbit fed a high dosage of Lippia Citriodora extract. Palazzo, Schiavitto,
Cinone, and Vizzarri (2019) recently reported an increase in fat-soluble vitamins (vitamin A and
vitamin E) in LTL muscles of rabbit fed natural extract containing the hydroxycinnamic ester
derivative widely distributed in plants, called verbascoside, with a high antioxidant activity (Gil,
Enache, & Oliveira-Brett, 2013).

Thus, the higher muscle vitamin A and E content is related to the content of phenols,
carotenoid, tannins and phlorotannins and polysaccharides in brown seaweed as fucoidans,
laminarans and vitamins (Jacobsen et al., 2019) and to the antioxidant activity of plant polyphenols

that preserve vitamin E oxidation through several well-known mechanisms (Cimmino et al., 2018).

3.4 Oxidative stability of SM muscle
The oxidative stability of the SM muscle in terms of the dietary treatments and time of
storage is reported in Figure 2. We analyzed the SM muscle to verify the antioxidant activity of the

natural mixture on a muscle with a higher fat content than the LTL muscle and a different oxidative
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metabolism (Gondret et al., 2004). The oxidative stability of the SM muscle was affected (P <.001)
by dietary treatments and storage time. A significant interaction between storage time and dietary
treatment was also observed (P < .001). The oxidative stability at both sampling times was higher in
groups fed the brown seaweed and polyphenols mixture than in the control. In agreement with the
present data, Moroney, O' Grady, O'Doherty, and Kerry (2012) reported a high oxidative stability in
the Longissimus dorsi muscle of pigs fed with seaweed extract (Laminaria digitata). In beef fed
Ascophyllum nodosum extract a high muscle oxidative stability was also observed (Allen et al.,
2001).

A high oxidative stability in the LTL muscles of animals fed plant polyphenols was also
reported in pigs, Equidae, goats and rabbit (Cimmino et al., 2018; Rossi et al., 2017a; Rossi, Stella,
Ratti, Maghin, Tirloni, & Corino, 2017b; Palazzo et al., 2015; Palazzo et al., 2019). Usually natural
antioxidant can reduce lipid oxidation, enhancing meat shelf-life, since they are able to block the
oxidative chain propagation reactions. Polyphenols have a high antioxidant activity, through several
mechanisms: as a scavenger of free radicals (Zheng et al., 2009), as transition metal chelators

(Andjelkovi¢ et al., 2006) and as quencher of free singlet oxygen (Mukai, Nagai, & Ohara 2003).

3.5 Sensory profile

The F values for the aroma, taste, flavor and texture parameters of the LTL sensory profile are
reported in Table 6. The results indicate that dietary supplementation with brown seaweed and plant
polyphenols affected the aroma and flavor of the LTL muscle (P <. 05) The F values for replicates
and interactions were not affected (P > .05) in all the descriptors, while judges presented differences
(P <.01) for aroma and flavor. Differences between judges are common in sensory evaluations, due
to the different use of the scale (Lea, Naes, & Rodbotten, 1997). No interaction between panelists x
replicates and samples x replicates were observed.

In Table 7, the F values for aroma, taste, flavor, and texture parameters of the thigh sensory

profile are reported. The data showed that dietary supplementation with brown seaweed and plant
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polyphenols affected the aroma and texture of the thigh (P <. 05). The F values for replicates were
not affected (P > .05) for all the descriptors, while judges presented differences (P < .05) for aroma,
flavor and texture. No interaction between judges X replicates and samples x replicates were observed
in LTL, while in thigh, the interaction judges x samples was significant (P < .05). It is probably due
to the type of samples analyzed. In fact, the thigh is more variable from a chemical point of view than
LTL muscle that is more homogeneous, where we did not observe any statistical interaction. These
results did not influence the overall sensory evaluation, in fact no differences were reported for the
same attributed perceived as flavour. The F values for aroma, taste, flavor, and texture parameters in
both the LTL muscle and the thigh highlight the excellent reproducibility of the scores given by the
panelists and the homogeneity of samples during replicates.

The least squares mean of the different attributes for the LTL muscle and thigh are reported
Table 8 and 9, respectively. The data shows that taste and texture parameters were comparable in all
the experimental groups. In the LTL muscle, a difference (P < .05) for aroma (rabbit, liver and
rancid) and rabbit flavor were observed. The intensity of rabbit aroma and flavour was higher (P <
.05) in the T1 and T2 groups than in the control, and the same result was observed for liver aroma.
The rancid aroma was higher (P <.05) in the T2 group than in the T1 and control groups.

In the thigh, dietary treatments affected (P < .05) the aroma (rabbit, liver, and metallic) and
the texture parameters. The rabbit aroma and flavor were higher (P <.01) in the T1 and T2 groups
than in the controls and the same result was observed for liver aroma. The rancid aroma was higher
(P <.05) in the T2 group than in T1 and the control groups. In terms of texture data, higher scores
for tenderness and juiciness were observed in thighs from animals fed the natural supplement (T1
and T2) than in the control, while a lower score was given for stringiness (P <.05) in T1 and T2
than in the control. As previously observed in rabbit fed natural antioxidants, the high values for
tenderness may be a result of the protection against the oxidation process (Palazzo et al., 2015). In
our previous study of Equidae, dietary supplementation with an extract containing plant

polyphenols enhanced meat texture parameters (Rossi et al., 2017a). This parameter is important for
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consumers’ eating habits and is closely linked with consumer expectations of rabbit meat quality.
The results of the present study indicate that the mean scores for each descriptor could be assumed
to be satisfactory for the sensory profile of rabbit meat. The sensory evaluation showed that dietary
supplementation with natural extract mixture containing brown seaweeds and plant polyphenols

affects aroma in the LTL muscle and the aroma and texture in the thigh.

4. Conclusion

Dietary supplementation with the low dosage of brown seaweeds and plant polyphenols
mixture can be considered a useful nutritional strategy in rabbit meat production, since an
improvement of feed conversion ratio and muscles vitamin A and E content was achieved. The
higher muscle vitamin content enhances both nutritional quality and oxidative stability. Sensory
parameters related to aroma, flavour and texture are positively affected by dietary treatment. In the
present experimental condition, the low dosage of the natural extract mixture seems to be useful for
enhancing rabbit meat production. The higher dosage of supplement does not produce any adverse
effects on rabbit performance or meat quality parameters and should be utilized in a more stressful

breeding condition.
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612  Table 1. Ingredients and chemical composition of experimental diets (g/kg)

Experimental diet'

Ingredients CON T1 T2
Maize 282 279 276
Alfalfa hay 305 305 305
Sunflower meal 135 135 135
Palm seed oil 8 8 8
Soybean oil 7 7 7
Wheat 80 80 80
Cane molasses 20 20 20
Carob bean meal 90 90 90
Oat 53 53 53
Calcium carbonate 7 7 7
Sodium Chloride 3 3 3
Dicalcium phosphate 2 2 2
DL-Methionine (99%) 2.5 2.5 2.5
L-Lysine HCI (78.5%) 1.6 1.6 1.6
Choline (75%) 1.4 1.4 1.4
I\)/rl(;[;r?)? and mineral 25 25 25
Dietary supplement 0 3 6

Chemical composition, °

Crude protein 184 183.6 183.5
Ether extract 35.7 35.5 35.5
Crude fibre 187 186.8 187
Ash 86 85.7 85.8
Nitrogen free extract 507 507.1 506.9
NDF 302.1 301.5 301.7

ADF 195.8 195.4 195.3
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ADL 39.9 39.5 39.5

! CON= control group; T1= group supplemented with 0.3% of brown seaweed and plant polyphenols
; T2= group supplemented with 0.6% of brown seaweed and plant polyphenols ; “Supplied per kg
diet: 13,500 I.U. vitamin A (trans-retinyl acetate); 800 1.U. vitamin D3 (cholecalciferol); 35 mg
vitamin E (a-tocopherol min 91%), 35 mg copper (cupric sulphate pentahydrate);

2 analyses determined in triplicate.



641  Table 2. Chemical composition and polyphenols content of the dietary supplement.
Item % on dry matter
Dry matter 93.58 £5.05
Crude Protein 7.21+£0.99
Ether extract 0.32+0.01
Crude fibre 11.20 £ 1.02
Carbohydrates 49.64 +£3.18
Ash 32.68 +1.38
Compounds:' mg/kg dry weight
p-Carotene 402 +30.89
Phenolic Acid:
Dihydroxybenzoic acid <LOD’
Syringic acid 1059.79 + 62.82
Hydroxycinnamic acids:
Neochlorogenic acid 7979.23 £468.11
Rosmarinic acid 126.54 + 8.67
Trans sinapic acid 105.54 £ 8.09
Chlorogenic acid 21.45+3.65
Tannins:
Ellagic acid 2440.88 + 148.29
Rutin 272.37 £20.82
Flavonoids:
Myricetin 53.88+5.68
Kaempferol <LOD

642

643 " Limit of detection;

644 ! value are expressed as means (n= 4) + standard deviation.

645



646  Table 3. Productive performances of growing rabbits fed control diet and diets supplemented with

647 0.3 or 0.6% of brown seaweed and plant polyphenols mixture (T1 and T2 respectively).

Dietary treatment

Item
C T1 T2 SEM P-value
Live weight, g
0d 830.2 846.0 789.4 21.02 0.161
21d 1860.9°  19963°%  1825.3° 44.15 0.024
42d 2655.9 2834.8 27252 52.40 0.066
ADG', g/d
0d-21d 49.1 54.8 49.3 1.84 0.062
21d-42d 37.9 39.9 42.9 2.19 0.284
0d-42d 43.5 47.4 46.1 1.15 0.067
ADFI*, g/d
0d-21d 154.9°  142.0%® 136.8 ° 5.07 0.046
21d-42d 188.8 175.6 192.6 8.99 0.382
0d-42d 171.8 158.8 164.7 6.54 0.379
FCH, kg/kg
0d-21d 3.20 2.59 2.89 0.17 0.057
21d-42d 5.03% 4.41° 4,58 0.18 0.049
0d-42d 3.94%2 3.35° 3.60 0.11 0.003

648

649  Data are reported as mean + pooled SEM n=12 (cages with 4 rabbits per cage)

650  C= Control; T1 = dietary supplementation of 0.3% of polyphenols and seaweeds mixture and T2 =
651  dietary supplementation of 0.6% of polyphenols and seaweeds

652 TADG= average daily gain; "ADFI= feed intake; *FC = feed conversion ratio;

653 a.b yalues in the same row are different at P < 0.05.

654

655



656  Table 4. Physical parameters of Longissimus thoracis and lumborum and Semimembranosus muscle
657  of rabbits fed control diet (C) or diet supplemented with 0.3 or 0.6% of brown seaweed and plant

658  polyphenols mixture (T1 and T2 respectively).

659
Dietary treatment

Item C T1 T2 SEM P-value
Longissimus thoracis and lumborum
pH, 24 h sg6" 592" 586 0010 0.020
Color indexes:
L* 55.91 55.38 57.41 0.460 0.180
a* 4.01 3.90 3.96 0.252 0.944
b* 11.89 11.71 11.58 0.212 0.845
Semimembranosus muscle
pH, 24 h 5754 5.75% 5.84° 0.015 0.021
Color indexes:
L* 64.24 63.44 64.31 3.391 0.994
a* 5.46 6.25 6.31 0.523 0.776
b* 3.97 423 2.95 0.392 0.394

660 n=12; data are reported as mean + pooled SEM;

661 &b values in the same row are different at P < 0.05.

662

663

664

665

666

667

668
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681

plant polyphenols mixture (T1 and T2 respectively).

Table 5. Chemical composition of Longissimus thoracis and lumborum and Semimembranosus

muscle of rabbits fed control diet (C) or diet supplemented with 0.3 or 0.6% of brown seaweed and

Dietary treatment

Item C T1 T2 SEM P-value
Longissimus thoracic and lumborum

Moisture, % 72.82  73.02 73.41 0.182 0.412
Crude protein, % 2450  23.76 24.40 0.176 0.210
Ether extract, % 1.17 0.90 0.95 0.064 0.123
Ash, % 1204 094"  1.047 0.030 <0.001
Cholesterol, mg/100g 32.72 27.22 34.62 2.210 0.373
Semimembranosus muscle

Moisture, % 73.79  73.67 73.67 0.269 0.533
Crude protein, % 22.62 22.82 22.81 0.176 0.803
Ether extract, % 1.52 1.91 1.52 0.015 0.981
Ash, % 1.21 1.19 1.15 0.030 0.329
Cholesterol, mg/100g 53.25 3047 42.08 4.052 0.056

n=12; data are reported as mean = pooled SEM;

AB yalues in the same row are different at P < 0.01.



682  Table 6. Sensory evaluation of Longissumus thoracis and lumborum muscle: F value and statistical
683  significance of treatments (n=3), judges (n = 8), replicates (n = 3) and their interaction for each

684  sensory descriptor.

F value
Descriptors Samples Judges Replicates  SxJ! SxR JxR
Aroma
Rabbit 10.75%** 1.40 0.92 1.21 1.16 0.64
Liver 7.88%* 3.65%* 0.31 2.86 0.12 0.27
Rancid 5.97* 4.17%* 1.05 1.65 1.83 1.20
Taste
Sweet 1.25 1.80 0.90 1.08 1.66 0.57
Salty 1.55 1.30 1.88 0.50 1.11 0.94
Flavour
Rabbit 11.56%**  4.07** 0.34 2.43 1.51 0.85
Liver 2.77 2.39%* 0.81 1.49 0.60 0.31
Rancid 1.74 4.26%* 0.32 2.20 0.39 0.56
Texture
Tender 1.57 1.37 0.50 0.81 0.78 1.11
Juicy 0.24 1.39 1.89 0.76 0.83 1.33
Stringy 2.80 1.66 1.12 0.87 2.00 1.20
685
686 ' SxJ = Samples x Judges; SxR= Samples x Replicates; JxR= Judges x Replicates.
687 Significant: ***=99,9%; ** = 99%; * = 95%; n.s. = no significant
688
689
690

691



692  Table 7. Sensory evaluation of thigh: F value and statistical significance of treatments, judges (n =

693  8), replicates (n = 3) and their interaction for each sensory descriptor.

F value
Descriptors Samples Judges Replicates  SxJ! SxR JxR
Aroma
Rabbit 4.88* 1.51 1.54 0.60 0.67 1.13
Liver 3.92%  11.73%** 1.38 531*%** (.53 1.44
Metallic 3.61* 9.96%** 0.20  4.90***  0.61 2.00
Taste
Sweet 0.63 1.10 1.04 1.21 0.62 1.17
Salty 2.16 0.76 1.43 0.28 0.51 1.65
Flavour
Rabbit 2.04 0.67 1.52 0.25 0.57 2.00
Liver 0.25 4.20 0.21 1.30 0.54 0.75
Metallic 0.29 4.26%* 1.44 1.25 0.43 0.79
Texture
Tender 3.30% 5.34 0.19 1.78 0.43 1.40
Juicy 8.70** 2.95% 1.30 0.84 0.69 0.97
Stringy 3.38* 4.26%* 1.88 2.45% 0.97 1.09

694
695 ! SxJ = Samples x Judges; SxR= Samples x Replicates; JxR= Judges x Replicates.
696 Significant: ***=99,9%; ** = 99%; * = 95%; n.s. = no significant

697

698
699

700
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Table 8. Mean values of sensory attributes of Longissimus thoracis and lumborum and
Semimembranosus muscle of rabbits fed control diet (C) or diet supplemented with 0.3 or 0.6% of

brown seaweed and plant polyphenols mixture (T1 and T2 respectively).

Dietary treatment

Descriptors C T1 T2
Aroma
Rabbit 5.0° 58° 6.4°
Liver 5.0° 5.4° 5.7°
Rancid 5.0° 5.1° 5.5°
Taste
Sweet 5.0 4.4 5.0
Salty 5.0 5.4 54
Flavour
Rabbit 5.0° 5.8° 6.1°
Liver 5.0 54 5.6
Rancid 5.0 5.2 53
Texture
Tender 5.0 53 5.5
Juicy 5.0 4.8 5.0
Stringy 5.0 5.6 5.7

35 means within rows with different superscript letters differ significantly for P < 0.05.
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Table 9. Mean values of sensory attributes of thight of rabbits fed control diet (C) or diet

supplemented with 0.3 or 0.6% of brown seaweed and plant polyphenols mixture (T1 and T2

respectively).

a,b

Dietary treatment

Descriptors C Tl T2
Aroma
Rabbit 508 508 5.8°
Liver 5.0° 4.5° 4.9°
Metallic 5.0° 4.6* 5.0°
Taste
Sweet 5.0 5.1 53
Salty 5.0 54 5.4
Flavour
Rabbit 5.0 54 5.5
Liver 5.0 4.8 4.8
Metallic 5.0 4.9 4.8
Texture
Tender 50° 53 5.5°
Juicy 50¢ 5.8° 5.8°
Stringy 50° 4.2° 4.4

means within rows with different superscript letters differ significantly for P < 0.05.



721 Figure 1. Vitamin A (A) and Vitamin E (B) content of Longissimus thoracis and lumborum (LTL)
722 and Semimembranosus muscle (SM) of rabbits fed control diet (C) or diet supplemented with 0.3 or
723 0.6% of brown seaweed and plant polyphenols mixture (T1 and T2 respectively; n=12). Data are

724 reported as mean = SEM; A8 € values with differ superscript letters are different at P < .001.
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Figure 2. Oxidative stability of Semimembranosus muscle of rabbits fed control diet (C) or diet
supplemented with 0.3 or 0.6% of brown seaweed and plant polyphenols mixture (T1 and T2
respectively) in relation to dietary treatments and time of refrigerated storage at 4°C. Results are
expressed as mean values + SEM (n=12). Time effect for P <.001, Treatment effect for P <.001,

interaction between time x Treatment for P < .001
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