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Abstract: The trial was carried out to investigate the effects on oxidative status of the rabbit of adding different
levels of false flax (Camelina sativa) seeds. About 30 weaned crossbred rabbits aged 70 days and weighing
on average 2316 g were equally divided into 3 groups of 10 (sex ratio 1:1). Animals were assighed to three
isocaloric and isonitrogenous dietary treatments containing 0, 10 and 15% of FFS. All diets were pelleted. Feed
and water was available ad libitum to the ammals. Animals oxidative status was mvestigated by TBARS test
on meat samples to evaluate lipid oxidation and PAO-test on plasma samples to evaluate total plasmatic
antioxidant power. Antioxidants content of the diet was assessed by DPPH Radical-Scavenging Activity
Method. A previous study showed that FFS supplementation of rabbit diets improved fatty acids composition
of rabbit meat. In this research, data confirmed that FFS included in rabbit’s diet at these levels do not imncrease
oxidation neither in meat nor in animals. In conclusion, exploiting seeds rich both m PUFA and mn antioxidant
substances, it is possible to produce meat with an improved fatty acids composition without increase oxidation
in animals and in meat devoted to human nutrition.
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INTRODUCTION

False flax (Camelina sativa L.) is a flowering plant in
the family Brassicaceae. Tt is native to the Mediterranean
and to Central Asian areas but has been introduced to
North America possibly as a weed in flax. Tt is cultivated
as an oilseed crop to produce vegetable oil and ammal
feed. The crop is now being researched due to its
nutritional characteristics. Its seed (FFS) has a oil content
that is about 40% on a dry matter basis (Budin et al.,
1995). This oil 18 a rich source of the following
unsaturated fatty acids: oleic (C18:1n-9; 12-20%), linoleic
(C18:2n-6; 20-24%) and linolenic acid (C18:3n-3; 36-42%)
(Flachowsky et al, 1998) and it has a relatively low
content of glucosinolates (Schuster and Friedt, 1998).
Protein and fibre content n seed are alse important
nutritional parameters: the content of crude protein in
seed ranges from 25-45% while the content of crude fibre
1s about 10% (Korsrud et al., 1978).

False flax has been also studied to determine the
Fatty Acids (FA) content, chemical composition, ir vitro
organic matter digestibility and gross energy of the seeds
and of the plant during growth (Peiretti and Meineri, 2007)
and the FA profile appears to be very interesting from the
nutritional pomt of view. Besides Abramovic and Abram
(2005) assert that Camelina sativa oil must contain an
appreciable amount of antioxidant (400 mg of total
phenolic per kg of fresh oil), this malke the oil quite stable
in spite of its high Polyunsaturated Fatty Acids (PUFA)
content.

Recent research shows that it 13 possible to
use FFS oil and its by products for animal
nutrition (Flachowsky et al., 1998; Moloney et al., 1998,
Jaskiewicz and Matyka, 2003; Peiretti et al., 2007). False
flax oil-cakes can be included as a protein rich ingredient
in fodder mixtures for animals and it can be used as a
forage for pigs and ruminants but the ration should be
adjusted to the respective ammal species (Schuster and
Friedt, 1998). FFS utilization in poultry diets has been
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studied previously (Zubr, 1993) and it is well documented
that fatty acids composition of hen egg yolk can be
modified through alterations in the diet.

Feeding with sources rich n n-3 PUFA mcreases the
content of these fatty acids in egg yolk (Sim and Nakai,
1994; Tuneja, 1997; Rokka et al, 2002). Rabbit meat
composition can be modified feeding ammals with false
flax seeds (Peiretti ef al., 2007). Rabbit meat has many
positive dietetic characteristics for example low lipid and
cholesterol levels and could be an alternative to fish and
oilseeds as a source of n-3 PUFA which can be further
mcreased by specific dietary strategies for mstance
supplementing animals with fish sources (Castellini and
Dal Bosco, 1997) or other ingredients containing linolenic
acid (Castellimi et af., 1998; Bernardimi et al, 1999,
Castellim et al., 1999). On the other hand, PUFA-enriched
meat could be more prone to oxidation due to the fatty
acids insaturation. The aim of this research was to
evaluate 1f PUFA-enriched diets through FFS mclusion
could mfluence the oxidant/antioxidant status of the
rabbit and of its meat.

MATERIALS AND METHODS

Animals and diets: About 30 weaned crossbred rabbits
aged 70 days and weighing on average 2316 g were
equally divided into three groups of 10 (sex ratio 1:1).

Animals were assigned to 3 isocaloric and
isonitrogenous  dietary treatments containing 0, 10
(Group 1) and 15% (Group 2) of FFS.

Ingredients of the diets are shown in Table 1 and
nutritional values are shown in Table 2. All diets were
pelleted. Feed and water were available ad Iibitum for
animals.

After 50 days, rabbits were slaughtered in according
to the common practice and carcasses were chilled at 2°C
for 24 h. At slaughtering, blood samples were collected
and the whole Longissinus Dorsi (LD) were removed,
divided into sub-samples and frozen at -80°C.

Analytical determinations: Ammals oxidative status was
investigated by TBARS test on meat samples to evaluate
lipid oxidation and PAO-test on plasma samples to
evaluate total plasmatic antioxidant power. Antioxidants
content of the diet was assessed by DPPH
(diphenylpicrylhydrazyl) Radical-Scavenging Activity
Method on methanolic extract of the diet.

Meat lipids oxidation: Lipids oxidation was assessed
according to the procedure of Witte et al (1970) as
modified by Faustman et al. (1992). A sample of 5 g of
muscle was homogemzed, 1 mm at ligh speed with

Table 1: Ingredients of the diets (%)

Ingredients Control Group 1 Group 2
Corn 21.2 10.0 0.0
Barley 185 355 48.3
Dehydrated alfalfa meal 50.0 36.0 29.0
Saybean seed meal 6.6 5.0 4.0
Palm oil 1.0 0.0 0.0
False flax seed 0.0 10.0 15.0
Lignosulfite 1.5 1.5 1.5
Dicalcium phosphate 1.0 1.8 2.0
Salt 0.2 0.2 0.2

Table 2: Seed and diets composition and characteristics

Characteristics Seed Control Group 1 Group2

Dry matter (%) 932 906 913 96
Organic matter (%6) 26.8 901 923 @92.5
Crude protein (%6) 245 17.0 165 169
Crude fibre (2%) 333 18.8 15.8 14.2
Ether extract (%) 302 41 6.9 8.4
Crude ash (%6) 3.2 9.9 7.7 7.5
Nitrogen free extract (%0) 87 502 531 53.0
Neutral detergent. fibre (96) 4.0 305 25.9 25.1
Acid detergent fibre (%) 294 214 174 15.6
Acid detergent lignin (%6) 4.2 3.9 32 3.1
Gross energy (MJ kg™! DM) 28.1 182 189 19.4
Digestible energy* (MJ kg™ DM) a.5 11.7 12.1 12.5
Linoleic acid (% of FA) 17.7 17.4 22.8 211
Linolenic acid (%% of FA) 373 10.9 23.8 26.2
Antioxidant activity (DPPH method) (90) - 10.9 14.0%  15.3%

*Digestible energy content of diets was calculated based on the regression
proposed by Fernandez-Carmona et . (1996); *p<0.035

12.5 mL of 20% Trichloroacetic Acid (TCA) and 10 mL
distilled water using an Ultra-Turrax T25 basic, equipped
with a dispersing tool S25N-18G (IKA, Optolab, Modena,
Ttaly). After centrifugation of the homogenate (1000 g for
20 min at 4°C), the supernatant was filtered through
Whatman #1 filter paper. About 2 mL of filtrate was
combined with 2 mI. of 0.02 M aquecus 2-Thiobarbituric
Acid solution (TBA), heated in a boiling water bath for
20 min together with a blank containing 2 mL of a
TCA/water mix (1/1) and 2 mL TBA reagent and
subsequently cooled m ruming tap water. The
absorbance of the resulting solution was measured at
532 nm with a Spectronic Genesys 5 spectrophotometer
and the results expressed as absorbance values.

Plasmatic antioxidant power: Plasmaticantioxidant power
was tested by PAO commercial kit (MED . DIA, S. Germano
V. se (VC), Italy) according to the manufacturer’s
instructions. This test is based on the evaluation of the
concentration of Cu” ion obtained from the reduction of a
known amount of Cu™ ion by antioxidant substances in
the sample. The antioxidant capacity of the sample can be
quantified by comparing the obtamned value with a
standard curve. Briefly, serum samples were diluted in the
buffer supplied with the kit and placed in 96 well plates
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and their absorbance at 492 nm was determined in a
microplate reader (Bio-Rad) to obtain blank values. After
the addition of the Cu” containing solution and incubation
for 3 min at room temperature, stopping solution was
added and a 2nd absorbance value at the same wave
length was determined. The antioxidant capacity value for
each sample, expressed as reducing equivalents in
umol L™ was obtained by subtracting the {irst measure
from the second one comparing the result with the
standard curve and multiplying by a correction factor.

Diets antioxidant activity: The antioxidant activity of diet
was determined at the beginming of the study after pellet
procedures. Tt was assessed by evaluating the DPPH
radical-scavenging activity of its methanolic extracts. The
method is based on the reduction of methanolic DPPH
radical in the presence of a hydrogen-donating
antioxidant. DPPH (Fluka) solution showed an absorption
band at 515 nm and was intensely violet coloured. The
adsorption and colour intensity decreased when DPPH
was reduced by an antioxidant compound. The remaining
DPPH corresponded inversely to the radical-scavenging
activity of the antioxidant. DPPH (2 mg) was dissolved in
54 mL of MeOH. The mvestigated diet methanolic
extracts were prepared by dissolving 0.1 mg of each dry
extract in 1 ml, of MeOH. Then 38 ul. of each solution
containing compound was added to 1,462 pl. of DPPH
solution at room temperature. The absorbance at 515 nm
was measured in a cuvette at 5 and 30 min vs blank
(38 pL of MeOH in 1,462 ul. of DPPH solution)
using a UV-Visible Helios Gamma, Helios Delta
spectrophotometer. The content of antioxidants was
quantified in terms of milligrams of Trolox (6-hydroxy-
2,5,7 8-tetramethylchroman-2-carboxylic acid) equivalent
(TE) per 100 g of rabbit’s diet (g TE/100). The results are
expressed 1n terms of the percentage reduction of the
initial DPPH adsorption by the test compounds:

Reduction of the initial

ADPFH O] _ASAMPLE o] )

DPPHadsorption (%) = (

ADPPH (t)
Where:
Apppny = The absorbance of DPPH: at time t
Agampery = The absorbance of the sample at the same
time t
RESULTS AND DISCUSSION

Supplementing rabbits’ diet with Camelina seeds ata
level useful to change fatty acids composition, resulted in
a not-changed oxidative status in animals. Tt had been

Table 3: Lipid oxidation (T-Bars test) on meat and total Plasmatic
Antioxidant power (PAO test)

Mean+SD

Characteristics Control Group 1 Group 2
T-Bars (ABS) 0.042+0.019 0.031+0.004  0.028+0.008
PAO test (mM L " uric acid) 0.24740.046  0.225+0.027  0.22340.034

showed by T-Bars values on lipid oxidation of meat
samples and by PAO-test on total plasmatic antioxidant
power (Table 3).

Results obtained by DPPH method evaluating feeds
antioxidant activity (Table 2) showed an mcreased
antioxidant content of rabbits’ diet (statistically
demonstrated the difference with the control group and
the test group). No statistical differences between the 2
inclusion levels (10 and 15% of FF3) were lughlighted.

A previous study showed that FFS supplementation
of rabbit diets improved fatty acids composition of rabbit
meat (Peiretti ef al., 2007). In this research, data confirmed
that FFS, mcluded in rabbit’s diet at these levels do not
increase oxidation neither in meat nor in animals.

T-Bars and PAO test results showed that there are no
differences among groups for plasmatic antioxidants and
meat lipids oxidation. Lack of increase in plasmatic
antioxidants for rabbits fed a diet with a high antioxidants
level could be due to the high antioxidants consumption
by PUFA during the feed storage or at plasmatic level.

Results obtained by DPPH method highlighted no
statistical differences between the two FFS inclusion
levels (10 and 15%) but an increased antioxidant activity
for both diets in comparison with the control diet.

CONCLUSION

The correct balance of n-3 and n-6 fatty acids in the
meat of farm amimals can increase dietary intake of these
beneficial n-3 fatty acids and can improve human health
(Siumopoulos, 2001, 2003). It is possible to enhance the
concentration of n-3 fatty acids by feeding different fat
sources as lipids of monogastric animals reflect the
nature of dietary fat (Wiseman and Agunbiade, 1998;
Mourot and Hermier, 2001). Feeding FFS to rabbits at
levels of up to 15% of the diet has no adverse effects on
growth performance and on carcass characteristics. Use
of this percentage of FFS results in a more favourable
fatty acid composition with benefits for human nutrition
as it is effective in reducing the saturation, atherogenic
and thrombogenic indexes of rabbit meat (Peirett1 ef al.,
2007). In conclusion, exploiting seeds rich both in PUFA
and n antioxidant substances, it 1s possible to produce
meat with an improved fatty acids composition without
increase oxidation in animals and in meat devoted to
human nutrition.
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