Meat Quality and Safety

EFFECT OF DIETARY TYPE AND LEVEL OF FIBRE ON CARCAS S
YIELD AND ITS MICROBIOLOGICAL CHARACTERISTICS

Margiienda |.}, Carabafio R, Garcia-Rebollar P!, Fragkiadakis M.*, Sevilla L2, Vadillo S?,
Nicodemus N*

1Departamento de Produccién Animal, E.T.S.l.Agronspuniversidad Politécnica de Madrid,
28040 Madrid, Spain
2Matadero de Conejos HERMI S.L., 47193 La Cisternigaladolid, Spain
*Corresponding author: nuria.nicodemus@upm.es

ABSTRACT

The aim of this trial was to study the effect ofdeand type of fibre during the last week of the
fattening period on carcass characteristics. A wit6602 New Zealand x Californian rabbits, weaned
at 35 days of age, were fed with a commercial @€t 35% of NDF, 13.4% of starch and soluble
fibre, beet pulp as fibre source) from weaning @odays. The last week of fattening period (56-63d)
animals were fed with three different diets (CO,abtl C2). Diet C1, was formulated to have a similar
NDF content as diet CO, but the fibre source wataced by a more insoluble fibre (straw) and diet
C2 was formulated to reduce the NDF to 32.4%, legiping the same fibre sources as diet C1, and
increasing the starch content (17.3%). Seven rfiati- cage rolling stand (MFRS) with 290 and 280
animals, were assigned to CO and C1 diets, respéctand other six MFRS (288 animals) to diet C2.
In four animals per MFRS were determined the cargasd. In two of them (14 animals/treatment) a
sample of caecal content was taken to determinsaime day th€. perfringens, Enterobacteriaceae
E. coliandColiform counts. Temperature and pHBiiceps femorisvere measured after the cold time
(2 hours after slaughter at -1°C) and 2gdst mortemand samples from tHeongissimus dorsand
Biceps femorisvere also taken to study the carcass bacteri@bgieality at days 1, 7 and 11 after
slaughter Total Aerobic, Enterobacteriae, Colifornrand Coagulase-positive Staphylococcus)
Animals fed with the lower dietary fibre content2jlGncreased (P=0.05) its carcass yield. Carcass
temperature was higher in the muscle of the anirfeds diet C1 (P=0.001). The log cfu/g of
Enterobacteriag Coliform and Coagulase-positive Staphylococcaisalysed in caecum content were
higher for the animals fed treatment C1. The higkakles of microorganisms content of the carcass
were reached lflays after slaughter (P<0.001). From these resitilithight be concluded that a
decrease of dietary fibre (from 35 to 32% NDF) wiresoluble fibrous sources are included enhances
the carcass yield and the carcass microbiologigality. For the same level of fibre, the inclusiai
moderate amount of beet pulp (10%) improved theahiological characteristics without impairing
the carcass yield.
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INTRODUCTION

The elimination of risk materials implies an exirast for the slaughterhouses after European
Commission legislation of Transmissible SpongifoEmcephalopathies (TSE). The digestive tract
accounts for around 60% of the total wastes anttdatssport and elimination are especially difficult
because of its high volume and humidity contenttfermore, the manipulation of these residues may
lead to a higher contamination of the final produstreasing the sanitary risk by zoonoses
transmission. The main responsible of the weighdigéstive tract is the presence of the feed in the
lumen that maintains a balance between the intakietlze excretion. The level and type of dietary
fibre are the most important factors to control digestive content. Fibre regulates the retentiom t

in the caecum and the dry matter intake, as isiglly negatively correlated with the dietary eperg
content (de Blagt al, 1999). So, levels of fibre from 33-36% NDF aneé tise of insoluble fibre
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minimised the weight of the digestive tract (desBa al, 1986, Fragat al, 1991) This effect has
been widely observed in experiments where a lon@pgdusually the whole fattening period) has
been controlled; however, when a short period isitiered there is an interaction with the previpusl
diet fed by the animals (Villenat al, 2008). The use of a high fibrous diet, basednuiigestible
fibre, led to an increment of the weight of digestiract when the previous diet is lower in fibre.
Furthermore, the use of different sources of fitma modulate the caecal microbiota (Gastial,
1999; Gomez Condet al, 2007) and affect to the presence of microbiotthencarcass. The aim of
this trial was to study the effect of type and lesvedietary fibre in the finishing diet (suppliede last
week of the fattening period) on carcass charatiesi

MATERIALS AND METHODS

A total of 6602 mixed-sex rabbits New Zealand xif@ahian from a commercial farm of the group
HERMI S.L were used. Rabbits, weaned at 35 daygyef were caged collectively in groups of eight
animals and offeredd libitum access to the feed. A commercial diet (CO) coimgitigh level of
NDF (35.1%) and low level of starch (13.4) was useda control diet. Another diet (C1) was
formulated maintaining a similar content of NDF atdrch of the control diet, but substituting beet
pulp by treated wheat straw, with a higher contehtinsoluble fibre. The third diet (C2) was
formulated reducing NDF and increasing starch guntg2.4% and 17.3%, respectively) with respect
the C1 diet, but maintaining the same source @éfill the essential nutrients content (amino scid
minerals and vitamins) were formulated accordinght® nutrient recommendations of De Blas and
Mateos (1998). The ingredients and calculated ctensiomposition of the diets are shown in Table
1. During the first 21 days of the fattening peribd rabbits were fed with the control diet (CQ){ im

the finishing period (from 56 to 63 days of age&thvere assigned at random to the three treatments.

Table 1 Ingredients and calculated chemical compositifodiets (%)

CO0 C1 Cc2
Ingredients
Barley 12.8 14.8 21.8
Alfalfa hay 33.0 33.0 30.0
Treated wheat straw - 8.0 4.0
Sunflower meal 28% 12.0 9.0 9.0
Beet pulp 10.0 - -
Soybean meal 44% 3.7 6.7 6.7
Calculated chemical composition
Crude Protein 15.9 15.8 16.0
NDF 35.1 35.3 324
ADF 19.1 215 19.2
ADL 5.09 5.43 4.93
Starch 134 13.8 17.3
Digestible Energy(MJ/kg) 9.48 9.16 9.76

All diets contained (%): Wheat Bran: 23; Palm oil5;0Molasses: 2.0; Sodium chloride: 0.425; Calciwarbonate: 0.8;
Sepiolite: 1; Mineral and vitamin premix: 0.8ineral and vitamin composition (mg/kg diet): M®® Na, 329; S, 275; Co,
0.7; Cu, 10; Fe, 76; Mn, 20; Zn, 59.2; 1, 1.25; @, 250; Riboflavin, 2; Niacin, 20; VitamingB1; Vitamin K, 1; Vitamin
E, 20 1U/kg; Thiamine, 1; Vitamin A, 8375 IU/kg,,itdmin D;, 750 1U/kg, Robenidine, 60Value estimated according to
FEDNA (2003)

The temperature in the farm was partially contbbend maintained in the range 18 to 24°C. A cycle
of 12 h of light and 12 h of dark was used throughbe growth trial. Rabbit weight in the farm and
slaughterhouse, feed intake and conversion rate measured using the multi-floor cage rolling stand
(MFRS), which carried the animals to the slaughiage, as experimental unit. There were seven
MFRS with 290 and 280 animals, assigned to the ©€0G1 diets, respectively, and other six MFRS
contained 288 animals that were fed with the d&at The mortality on the total number of the rabbits
was controlled in the whole fattening period. Famimals per MFRS were selected at random to
determine the carcass yield (28 animals per traattmexcept for diet C2 (24 animals) that was
calculated by the rate between the live and hatasgrweight. Anatomical parts of the digestivettrac
were weighted separately with their contents. A @anof caecal content was taken in two of these
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animals (14 animals/treatment) to determine theesday theC. perfringens, Enterobacteriacede.

coli and Coliform counts.Samples weratored into sterile polystyrene tubes and wereriedento
anaerobiosys bags GENbag (bioMérieux S.A., Martyil&& France) to keep the microbial flora
viability. C. perfringensenumeration was determined according to the stenkB0 7937 (1997).
The cultural medium used was agar tryptose sul@idtted with antibiotic D-cycloserine. Later on,
the plates were incubated during 18 hours at 3#°CGoli and Coliforms counts were determined
according to the standard ISO 9001 (2000) by 3MT#ifimTM E. coli/Coliform count (EC) Plate.
The culture medium system contained Violet Red BABB) nutrients, an indicator or glucuronidase
activity and  5-bromo-4-chloro-3-indolyl-b-D-glucarde  (BCIG). The 3M  Petrifilm
Enterobacteriaceae Count (EB) Plate was used ter&bdcetriaceae enumeration according to the
standard 1SO 9002 (1994). The culture medium systemtained modified Violet Red Bile Glucose
(VRBG) nutrients. The Petrifilm EC and EB Platesoatontained a cold-water-soluble gelling agent
and a tetrazolium indicator that facilitated col@mumeration; both were incubated during 24 hours a
37°C.

The measurements used to evaluate meat quality pkerend temperature iBiceps femoriof the
same two animals. Both traits were measured dfecold time(2 hours after slaughter at -1°C) and
24 h post-mortem. The pH was recorded with a CridaropH 2001 (Crison instruments, Barcelona,
Spain) using a combined electrode penetrating 3 8amples from theongissimus dorsandBiceps
femoris were also taken from the same animals to studyctreass bacteriological quality. The
carcass were stored at 4°C and the microorganieaigzad at days 1, 7 and 11 after slaughter, were
Total Aerobic, Enterobacteriae, Coliforand Coagulase-positive Staphylococcascording to the
standard 1SO 4833 (2003), 7402 (1993), 4832 (12@t) 6888 (1999), respectivelgll the plates
were incubated at 37°C during 24 hours, exceptdtal Aerobic(72 hours at 30°C).

Data were analysed with the General Lineal ModelcBdure program of SAS statistical package
(SAS, 2000) with the diet as main effect. In thenobiological analysis a Levene’s test showed lack
of homogeneity of variance; accordingly, values evéransformed to a logarithmic scale. The
mortality was analysed with thé test.

Carcasses temperature, pH and its microbiologigality, were analysed with the MIXED procedure
program of SAS statistical package using the tieg and its interaction as main effects.

RESULTS AND DISCUSSION

Treatments had no effect either on ingestion dutireglast week of the fattening period or on final
live weight of animals at farm and slaughterhousb(e 2). However, weight losses from the farm to
the slaughterhouse were lower for the rabbits efdiet C1 (P<0.001), probably because these animals
were the first slaughtered. Mortality in the whidétening period was higher (by 1.24%) in animals
fed the last week before slaughter with the dietaiming high level of indigestible fibre (C1), agive

to the other two diets, although this result ismed¢vant in connection with the treatment.

Table 2 Productive traits in the finishing period (56-@8ys)

Treatments

Co C1 Cc2 SEM P
MFRS (no) (rabbits/MFRS) 7 (290) 7 (285) 6 (288)
Live weight at farm (kg) 2.13 2.10 2.11 0.012 0.14
Live weight at slaughterhouse (kg) 2.08 2.06 2.06 .010 0.32
Weight losses farm-slaughterhouse (%) 2.52 1.77 2.4° 0.098 <0.001
Feed intake (56-63 days) (g/rabbit) 1460 1440 1430 0.024 0.77
Mortality on the whole fattening period (%) 3%86 5.08' 3.82 - <0.050

Animals fed with the lower dietary fibre content2)Gended to decrease the stomach weight related to
live weight (P=0.085), and this effect could expltie increase (P=0.05) in the carcass yield observ
with respect to the animals that fed treatmentsa@® C1 (Table 3). Several authors (de Basal,
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1986) has also shown that inclusion of high lew#l&bre in fattening diets led to an increase fu# t
stomach content weight. Previous studies have atelic that an increase on the proportion of the
digestive tract with the increase of the level ibfd also leads to a lower carcass yield (Ouhayoun,
1998; Marguendat al, 2006). Carcass temperature measured after tietioed and 24 hours after
the slaughtering were higher in the muscle of thienals of the treatment C1 (P=0.001; Table 4).
Meat pH also tended (P=0.16) to be higher in arénfal C1 diet. Time also affected pH and
temperature. Both traits were lower 24 h post-nmrtespect to the cold time. The rabbit meat pH
data reported in the literature are very variablecause it depends on many factors, as stunning
methods, bleeding, stress and management of theabhiefore the slaughter. The average pH values
of our study were higher than those obtained bgrsthuthors in the same muscle, which ranged from
5.80 to 6.03 (Hulot and Ouhayoung, 1999). Howewer,results were according with the pH values of
Biceps femorisneasured 24 hours post-mortem by Matial. (2001), which varied from 6.01 to 6.18
using different stunning methods, and by Lépez&jaét al. (2005), who found a mean pH values of
6.26. No significant differences among diets wayentl for theTotal Aerobicenumeration of the
carcass. However, the log cfu/gBmterobacteriagColiform and Coagulase-positive Staphylococcus
were higher (19.2, 21.6 and 5.6%, respectively}tieranimals fed treatment C1 with respect therothe
two diets (Table 5). The higher pH and temperafaund in the animals of this treatment might be
related with the impairment of its carcass micrtdgy quality, because it was not found any effdct o
the treatments on caecal content microorganisnigg loe average 5.73, 0.86, 0.63 and 4.42 log cfu/g
for C. Perfringens, Enterobacteriae, E. CandColiform, respectively.

Table 3 Effects of level and type of fibre on live weigind slaughtering data in rabbits

Treatments SEM P

CO Cl C2
Rabbits (no) 28 28 24
Live body weight (BW) (g) 2.22 2.17 2.20 0.033 0.47
Hot carcass weight (g) 1.32 1.29 1.34 0.024 0.41
Carcass yield (%) 593 59.6 60.72 0.40 0.05
Digestive weight (% BW) 19.2 195 18.9 0.42 0.69
Stomach weight (% BW) 5.06 5.26 4.69 0.17 0.085
Caecum weight (% BW) 7.36 7.65 7.33 0.22 0.56

Table 4: Effect of level and type of fibre on physical meqaality characteristics

Treatments Time

co C1 c2 After cold 24 h RSD I:grea'rment Ptime Ptrexti
Rabbits (no) 14 14 12 40 40 - - -
Temperature (°C) 284 297 2.1F 2.76 2.31 0.66 0.001 0.005 0.29
pH 6.48 6.54 6.43 6.81 6.15 0.21 0.16 <0.001 0.87

A gradual increase with the time was observed énntlicroorganisms content of the carcass (Table 5).
The highest values were reached the 11 days ddiggtger (P<0.001). These results seem to indicate
that mean shelf live for rabbit meat is around ysdand are in agreement with Rodriguez-Cakitja
al. (2005) who reported that the average shelf lifeatass of rabbits was 6.8 days. An interaction
was found (P=0.005) between type of diet and timmst pslaughter onCoagulase-positive
Staphylococcugontent in carcass, showing that animals fed Withdiet at 11 d post slaughter a
higher value than at 1 and 7 d, and also than dsifed CO and C2 diets, independently of the day
post slaughter (2.02 v&.70 on average).

Table 5 Effect of level and type of fibre on carcass miiological characteristics (log cfu/g)

Cco Treag?_ents Cc2 1Tlme po;t laugh;_ir RSD I:?realtment Pday Ptreatxday
Rabbits (no) 14 14 12 40 40 40 - - - -
Total Aerobic 3.60 375 350 291 319 568 051 0.17 <0.001 0.57
Enterobacteriaceae 2.1 258 2.0? 107 21F¢ 353 0.64 0.027 < 0.001 0.48
Coliform 1.7 194 148 1.0f 160 25% 0.56 0.029 <0.001 0.51

Coagulase-positive 179

1.8¢ 169 169 17¢ 1.8% 0.19 0.058 0.003 0.005
Staphylococcus
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CONCLUSIONS

The results of this work indicate that a decreds#iatary fibre (from 35 to 32% NDF) when insoluble
fibrous sources are included enhances the careelssand the carcass microbiological quality. For
the same level of fibre, the inclusion of moderatmount of beet pulp (10%) improved the
microbiological characteristics without impairmerfittarcass yield.
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