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ABSTRACT

The aim of the study was to evaluate the effect of the dietary supplementation of 5% Spirulina (S) and
3% Thyme (T) leaves and the duration of their supplementation on carcass traits and meat quality of
fattening rabbits. Maternal line rabbits (n=252) of both sexes were used. Spirulina and Thyme were
supplemented to isonitrogenous and isoenergy diets formulated to cover the requirements of meat
producing rabbits. All diets did not include coccidiostatic. Rabbits received the S and T
supplementation separately or combined (TS), during the whole growing-fattening period (5th-11th
week of age: S-S; T-T; ST-ST) or only during fattening (8th-11th week of age: C-S; C-T; C-ST).
Seven groups containing 36 rabbits each were used for carcass evaluation: Control (C-C; not
supplemented diet) C-S, S-S, C-T, T-T, C-ST, ST-ST. Rabbits were slaughtered at 77 days of age.
Carcasses were dissected, carcass yield, fatness and meatiness were determined and pHu and L*a*b*
colour were measured on Longissimus dorsi (LD) muscle. LD muscle of 15 rabbits per treatment
were dissected and frozen; WHC, heme iron and vitamin B12 were analyzed on raw meat whereas
proximate composition and cholesterol content were analyzed on both raw and cooked meat. Carcass
traits were not affected by dietary treatments, except the scapular fat incidence which showed its
lowest value in C-T group (0.39%) and its highest value in S-S (0.56%; P<0.05). Spirulina and Thyme
supplementations didn’t affect the rheological traits as well, even though a tendency towards a lower
total water loss was found in S-S and C-S (33.1 and 33.4%, respectively; n.s.) compared to the other
groups (35.2+0.86 %). Consequently, cooked LD meat of S-S group contained more water (67%) than
the other groups (66.1£0.27 %; n.s.). S-S and T-T diets reduced the protein content in the cooked LD
meat, compared to the C-C diet (31.3 and 31.5 vs 32.4%; P=0.051), and the lowest value for
cholesterol content was found in S-S group, in raw and cooked LD meat as well (49.7 and 76.0
mg/100 g). In this study the effect of Spirulina supplementation as lipid lowering wasn’t confirmed.
Based on our results, Spirulina supplement seems promising in enhancing WHC and vitamin B12, and
in reducing cholesterol content of rabbit meat, but its inclusion level should be further increased.
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INTRODUCTION

Spirulina (Arthrospira platensis) is a blue-green microalga, rich source of protein (over 60%), B-
carotene, a-tocopherol, vitamin B12 and essential FAs, mainly y-linolenic acid (GLA; Ramadan et al.,
2008), pigment (C-Phycocyanin) and enzymes like the superoxide dismutase. Spirulina has recently
attracted attention due to its potential health benefits, such as antiobesity, lipid lowering,
hypocholesterolemic action (Belay, 2002; Cheong et al., 2010), antioxidant effect, and anemia
amelioration (Selmi et al., 2011). In rabbits, its dietary inclusion (5-10-15%) was tested on live
performances, meat proximate composition and FA profile (Peiretti & Meineri, 2008; 2011; Meineri et
al., 2009) and its supplementation was effective in increasing the GLA content and in reducing the

949



Meat & Product quality

atherogenic and thrombogenic indexes of the meat. Scientific evidence is accumulating that many
herbs and spices do have medicinal properties that alleviate symptoms or prevent disease. Among
them, Thyme (Thymus vulgaris L.) essential oil contains more than 60 constituents, which are known
to have antioxidant properties, antimicrobial activity (Rota et al., 2008), blood cholesterol and
abdominal fat lowering action (Abdulkarimi et al., 2011). Even so, the effect of dietary
supplementation of Thyme leaves to growing-fattening rabbit carcass and meat hasn’t been studied
until now. This study is a part of an extensive research (with six papers presented in this Congress)
that aimed to evaluate the effect of the dietary supplementation (between the ages of 5-11 weeks) of
Spirulina (Arthrospira platensis, 5%) and Thyme (Thymus vulgaris, 3%) on rabbit growth
performance and health status (Gerencsér et al., 2012), physiology (Bonai et al., 2012), microbial
diversity in the caecum (Vantus et al., 2012), carcass and meat quality, meat appearance (Dal Bosco et
al., 2012a) and oxidative status (Dal Bosco et al., 2012b) during retail display. Considering the higher
feeding costs derived from the use of these 2 raw materials, this protocol aimed to combine both the
nutritional advantages and low costs for the producers, by considering also a shorter supplementation
length (8-11 weeks of age). Specifically, in this paper we studied the dietary inclusion of Spirulina and
Thyme leaves on carcass traits and meat quality of fattening rabbits.

MATERIALS AND METHODS

Animals and experimental design

Maternal line rabbits of the Pannon breeding program (n=252) were used. Animals were reared by 3 in
wire cages sized 61 x 32 cm. Experimental rabbitry temperature and photoperiod were 15-18 °C and
16L:8D, respectively. Spirulina (5%) and Thyme (3%) leaves were supplemented to isonitrogenous
and isoenergy diets for meat producing rabbits. All diets did not include any coccidiostatic. Rabbits of
both sexes received the Spirulina (S) and Thyme (T) supplementation separately or combined (ST),
during the whole growing-fattening period (5th-11th week of age: S-S; T-T; ST-ST) or only during
fattening (8th-11th week of age: C-S; C-T; C-ST). Seven groups of 36 rabbits each were used: Control
(C-C; not supplemented diet) C-S, S-S, C-T, T-T, C-ST, ST-ST.

Slaughter, carcass dissection and meat sampling

At 11 weeks of age rabbits were transported to a slaughterhouse located 200 km from the experimental
rabbitry (n=35, 34, 34, 36, 35, 36 and 36 rabbits for C-C, C-S, C-T, C-ST, S-S, T-T and ST-ST
groups, respectively). Carcasses were chilled for 24 h at 3 °C, dissected, and then carcass yield and
fatness were determined. Fore, mid and hind part of the carcass were dissected as described by Blasco
and Ouhayoun (1996). Longissimus dorsi (LD) muscle was dissected from 15 rabbits per dietary
treatment and pHu and L*a*b* colour values (CIE, 1976) were measured at the 5th lumbar vertebra
level of the right part of the LD. Afterwards, right and left sides of LD were individually packed in
food PVC bags and frozen at -80°C for further physicochemical analysis.

Chemical analyses

Chemical composition of the experimental diets is reported elsewhere (Gerencsér et al., 2012). Frozen left
parts of LD were first thawed overnight at room temperature, then removed from plastic bags and
individually vacuum-packed in new plastic bags, finally cooked at 80 °C for 1h in a water bath. Thawing
and cooking losses were calculated from sample weighing before and after thawing, and after cooking.

On raw (right part of LD) and cooked (left part of LD) meat samples the proximate composition was
determined (AOAC, 1995), with protein content calculated by difference, cholesterol content
according to Casiraghi et al. (1994), heme iron content (Hornsey, 1956) and vitamin B12
determination (AOAC, 2006).

Statistical Analysis

Data were analysed using GLM procedures of SAS (2004) with diet as the fixed effect.
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RESULTS AND DISCUSSION

Carcass traits were not affected (P>0.05) by the dietary S and T supplementation (Table 1). Only the
scapular fat incidence statistically differed (P=0.029), The C-T group had less scapular fat than S-S
group (0.39 vs 0.56 % CC; P<0.05). This finding is in contrast to the literature where Spirulina caused
lipid lowering and so a related antiobesity property; however the lipid lowering effect of Spirulina was
effective on rabbits fed high fat diets only and not on low fat diet group (Meineri et al., 2009).

Table 1. Effect of the dietary Spirulina and Thyme supplementation on rabbit carcass traits.

Experimental groups

Traits P value SE
C-C C-S C-T C-ST S-S T-T ST-ST

n. 35 34 34 36 35 36 36

Slaughter weight (SW), g 2474 2471 2480 2516 2497 2536 2492 0.814 12.6
Chilled carcass (CC), g 1502 1502 1504 1525 1527 1543 1514 0.791 7.95
Reference carcass (RC), g 1228 1226 1233 1248 1250 1268 1238 0.663 6.73
Carcass yield, % SW 60.7 60.8 60.7 60.6  61.1 60.9 60.8 0.744 0.08
Reference carcass yield, % CC ~ 81.7 81.6 82.0 81.8 81.9 82.2 81.7 0.361 0.07
Head, % CC 9.35 9.52 9.40 9.25 9.32 9.30 9.25 0.328 0.03
HLTTO, % CcC 1.69 1.62 1.62 1.57 1.62 1.26 1.66 0.308 0.02
Liver, % CC 5.66 5.65 5.20 572 557 5.38 5.75 0.134 0.06
Kidneys, % CC 1.07 1.03 1.09 1.10 1.03 1.02 1.05 0.067 0.01
Perirenal fat, % CC 1.51 1.47 1.35 1.60 1.55 1.59 1.57 0.395 0.03
Scapular fat, % CC 0.46™ 0.51™ 039" 051" 056" 0.48® 0.45®  0.029 0.01
Dissectable fat, % CC 1.97 1.98 1.74 2.11 2.11 2.07 2.03 0.149 0.04
Fore part, % RC 28.0 28.4 28.4 28.5  28.0 28.2 28.1 0.152 0.06
Mid part, % RC 31.7 314 31.7 314 315 313 317 0.521 0.07
Hind part, % RC 37.9 37.8 37.8 37.5 37.9 37.9 37.8 0.829 0.07
Perirenal fat, % RC 1.85 1.81 1.65 1.95 1.90 1.94 1.93 0.405 0.04

MHLTTO: Heart, lung, thymus, trachea and oesophagus

Rheological traits of LD muscle were not affected by the dietary treatment (Table 2). Contrarily to
what was observed by Dal Bosco ef al.( 2012), our results didn’t show differences in a* and b* colour
values among dietary treatments. Again, whereas Dal Bosco et al. (2012) found a significant reduction
of drip loss during 9 days display on C-T and T-T groups, in our trial it was observed that the average
total loss of the groups in which S was supplemented to the diet seemed to be lower ( 34%) compared
to the groups without S supplementation (35.5%) and that the groups S-S and C-S presented even
lower values (33.06 and 33.42% for S-S and C-S, respectively); despite this, statistical evidence didn’t
support our assumption (P=0.324). These different results could depend on how the samples were
stored, refrigerated in the study of Dal Bosco ef al. (2012) and frozen in our study. Spirulina may
preserve the cell membrane disruption during freezing-thawing phases, improving thus the WHC of
the cooked meat (Table 4). Proximate composition of raw and cooked LD meat is reported in Table 3
and 4, respectively. Whereas the water content of the raw meat was slightly higher in the C-T group
(75.4%) compared to the other feeding groups (on average 75.05; P<0.10), in the cooked meat the
water content was the highest in S-S group (67%) due to its lower water loss during thawing and
cooking (33.06%; Table 2).

Table 2. Effect of the dietary Spirulina and Thyme supplementation on rheological traits of LD

muscle.
. Experimental groups P

Traits c-C C-S C-T  CST S-S T.T  ST-ST  value  OF
n. 15 15 15 15 15 15 15

pHu 5.90 5.97 5.94 5.88 5.92 5.84 5.84 0.339 0.16
L* value" 50.8 50.2 50.4 51.2 50.0 51.2 51.1 0.938 0.34
a* value! 3.17 3.87 3.61 3.57 3.32 4.93 3.36 0.084 0.17
b* value!” 0.74 0.85 0.58 0.72 0.59 1.13 0.83 0.870 0.11
Thawing losses, % 11.40 11.33 11.77 12.10 10.42 12.06 11.23 0.718 2.73
Cooking losses, % 2442 2209 2256 2279 22.63 2431 23.37 0.268 2.76
Total losses, % 35.81 33.42 3433 34.90 33.06 36.37 3460 0324 3.84

TL*a*b* colour values measured 18h post mortem on LD muscle of all the slaughtered rabbits.
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The difference in protein content among dietary treatments (P=0.051) of cooked LD meat is difficult
to explain and further studies are needed to elucidate this finding. Our data didn’t show a lipid
lowering effect of Spirulina on the intramuscular lipids. On the contrary, C-T diet seemed to exhibit
leaner carcasses and meat even if values didn’t differ statistically. Even though the
hypocholesterolemic action of Spirulina is supported by several studies (Nakaya et al., 1988; Belay,
2002; Cheong et al., 2010) the cholesterol content of raw and cooked meat wasn’t significantly
affected by the 5% Spirulina supplementation, but a slight reduction was evidenced when compared to
the average value of the other dietary treatments (49.7 vs 51.1 mg/100 g for raw and 76.0 vs 77.7
mg/100 g for cooked LD meat; Table 3). Also the cholesterol and abdominal fat lowering effects of
Thyme reported in chickens (Abdulkarimi et al., 2011) wasn’t shown on rabbits at 3%
supplementation level.

Table 3. Effect of the dietary Spirulina and Thyme supplementation on proximate composition, Heme
iron, cholesterol and Vitamin B12 contents of raw LD meat.

Experimental groups

Traits cc s CT CST Sss 1T srsr [vae SE
n. 15 15 15 15 15 15 15

Water, % 75.0 750 754 751 75.1 75.1 75.0 0.089  0.04
Protein, % 23.1 232 229 232 23.1 23.1 23.1 0299  0.03
Lipids, % 0.48 040 034 040 0.40 0.50 0.47 0287  0.02
Ash, % 137 1.41 140 136 1.35 1.36 1.40 0.864  0.01
Cholesterol, mg/100 g 50.9 51.1 512 512 49.7 51.0 51.1 0.607  0.34
Heme iron, mg/kg'” 1.68 1.61 1.72 1.58 1.49 1.67 1.70 0.861  0.40
Vitamin By,, meg/100 g? 0.6620" - - - 0.9539" - 0.8051™  0.012  0.03

®n=10 samples/dietary treatment; ®n=6 samples/dietary treatment

Table 4. Effect of the dietary Spirulina and Thyme supplementation on proximate composition and
cholesterol content of cooked LD meat.

Experimental groups

Traits ccc ¢S CT CST S-S T sr.st Fvale SE
n. 15 15 15 15 15 15 15

Water, % 65.8 66.2 66.6 66.0 67.0 66.2 66.3 0.198  0.13
Protein, % 32.4 32.1 31.8 32.1 31.3 31.5 32.0 0.051 0.09
Lipids, % 0.56 0.59 0.45 0.60 0.50 0.54 0.57 0.731 0.02
Ash, % 1.72 1.57 1.57 1.73 1.48 1.62 1.60 0.690  0.04
Cholesterol, mg/100 g 78.9 78.8 76.8 78.9 76.0 79.1 77.9 0.449 047

Mn=6 samples/dietary treatment

Spirulina is reported to be rich in iron (Belay, 2002) and for this reason useful to ameliorate anaemia
(Selmi et al., 2011) but in our study the heme iron content in meat of S-S groups was even lower than
that of the other feeding groups (Table 3). Spirulina is also reported to be rich in vitamin B12. Its
amount in diets was 1.853, 2.828 and 2.109 mcg/100 feed for C, S and ST diets, and its content in raw
meat significantly increased when diets contained Spirulina supplement not combined with Thyme
(0.662 vs 0.954 mcg/100 g meat for C-C and S-S groups, respectively; P<0.05), whereas the meat of
ST-ST group exhibited intermediate values (Table 3).

CONCLUSIONS

In this study the effect of Spirulina supplementation as lipid lowering wasn’t confirmed. Spirulina
seems promising in enhancing WHC and vitamin B;,, and in reducing cholesterol content of rabbit
meat, but further research is needed to confirm our findings, testing higher inclusion levels of both S
and T supplements.
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