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Abstract

The effect of sex and the supplementation of thebiptic, mannan oligosaccharides (MOS), the
acidifier, calcium propionate (CPr) or their corddion in the feed of Japanese qu@ibt{urnix japonica) on
their performance and carcass quality was examinetthis experimentation. Three hundred, 1-day old
Japanese quail were divided into four groups wittee replicates each. One group that served asotont
received the basal diet. The three experimentés densisted of the basal diet to which either@Ry/kg, 2
g MOS/kg or both 2 g MOS/kg and 6 g CPr/kg was dddée body weight, feed consumption, feed
conversion ratio (kg feed/kg weight gain) and nldstavere examined at weekly intervals. At the afdhe
42-day feeding period the birds were slaughterkd, darcasses were processed and the carcass weight,
carcass dressing percentage and carcass part jageemvere calculated. Also, the breast meat catigros
and its fatty acid profile were analyzed. Resuftsveed that the female quail had a higher body amdass
weight and liver to live weight percentage, wherdeey had lower carcass dressing percentage this.ma
The dietary addition of MOS increased body and assaveight, whereas it decreased liver to live kteig
percentage and crude fat content of the breast. mbat dietary addition of CPr lowered carcass dngss
percentage and ash content of the breast meatadtitms between the two examined supplements were
observed in feed consumption, feed conversion @iith carcass weight. An interaction between MOS and
sex was observed on carcass weight. It was corgtlticiet MOS and calcium propionate can be used
effectively in Japanese quail diets.
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I ntroduction

The inclusion of antibiotic growth promoters in tfeed of farm animals has been banned in the
European Union since 2006 (EU, 2005), while thee is under consideration in other countries ardbad
world due to the potential development of antilsioésistant bacteria (Juketsal., 1956; Greko, 2001; Spais
et al., 2001; Roe &Pillai, 2003. Consequently there has been a growing intenesitd identification and
evaluation of alternative feed additives that woshtisfy consumers’ demands and would be closer to
environmentally friendly farming practices. Two egories of such additives are the prebiotics suctha
mannan oligosaccharides (MOS) and the acidifiers.

The MOS, which are used as feed additives, are leongpibstances derived mainly from the cell walls
of the yeastSaccharomyces cerevisiae (Springet al., 2000; Hooge, 2004; Kogan & Kocher, 2007). They
comprised of proteins (12.5%), glucanes (30%), raaan(30%) and phosphoric acid. These substances,
when included in the diet, adhere to pathogenitdbmcwho have type-I fimbriae and consequentlyaesn
them from the gut. In addition, MOS increase thiglie the uniformity and the integrity of the intesi villi
and can augment the immune response of the anfksah result, health and performance of the animal
improve (Ferket, 2004; Hooge, 2004; Gheshl., 2007; Kogan & Kocher, 2007; Rehmetral., 2009).

The acidifiers, which are generally organic acidd ¢heir salts, are substances naturally occuirning
animal cells, where they exert an important rolehiea metabolism (Kirchgessner & Roth, 1998; Lioltsta
et al., 2004). Organic acids such as formic and propiasid have mainly been used to sanitize animal. fee
The dietary supplementation of acidifiers can mptlie pH of the feed as well as the digestive tediche
animal. Also, the organic acids in their un-disateil form are able to pass through the bacterihl ce
membrane into the cell, where they dissociate iriads which lowers the pH of the cell and RCOahs
that can disrupt normal cell function and proteinteesis. The multiplication of the affected miarganisms
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is less efficient, so that their population in thgestive tract is diminished (LUckstadtal., 2004; Freitag,
2007; Luckstadt, 2008).

Studies concerning the use of MOS and acidifiers especially their combined use in the Japanese
quail (Coturnix japonica) nutrition are limited. Therefore, the first objee of the present study was to
evaluate the efficiency of the dietary supplemeéntadf MOS and the acidifier, calcium propionatd@y; on
the growth performance of Japanese quail. The skeamjective was to investigate whether this
supplementation could have an effect on carcastyguBhe third objective was to examine the inttian
between sex and the above dietary treatments.

Materialsand Methods

Three hundred, 1-day old Japanese quail, as hateheck used in this study. The birds were
individually weighted and assigned randomly to foreatment groups with three subgroups (replicate&p
birds each. All 12 subgroups were housed in sepavise suspended cages.

To meet the nutrient requirements of growing guaitomplete basal diet based on maize, soyabean
meal and wheat was formulated according to Floranel (1989) and NRC (2004). Table 1 presents the
ingredients and the composition of this basal direpowder form, which was analyzed according toA&D
(2005) for crude protein, crude fat, crude fibr@isture and ash content. Also the calcium, totalsphorus,
lysine, methionine plus cystine and metabolisaliergy content were calculated from the compositibn
the feed ingredients, according to Novus (1992)CNR994) and Spait al. (2002).

Table 1 Ingredients and composition of basal diet

Ingredients o/kg
Maize 452.6
Soyabean meal 320.0
Wheat 100.0
Corn gluten meal 79.7
Calcium carbonate 14.3
Dicalcium phosphate 11.4
Soybean oil 10.8
Lysine 3.7
Vitamin and trace mineral premix 3.5
Salt 21
Sodium bicarbonate 1.9

Chemical analysis
Dry matter 914
Crude protein 238
Crude fat 28
Crude fibre 36
Ash 62

Calculated analysis
Calcium 8.5
Total phosphorus 6.5
Lysine 13
Methionine & cystine 8.7
Metabolisable energy, MJ/kg 12.34

" Supplying per kg feed: 14000 IU vitami, 5000 IU vitamin B, 30 mg vitamin E, 13 mg
vitamin K, 3 mg vitamin B, 8 mg vitamin B, 3 mg vitamin B, 20 ug vitamin B,,, 85 mg niacin,
20 mg pantothenic acid, 2 mg folic acid, 2@Pbiotin, 10 mg vitamin C, 960 mg choline cloride,
100 mg Zn, 116 mg Fe, 120 mg Mg, 20 mg Cu, 0.2 mglang I, 0.3 mg Se.

The basal diet was given to one of the groupsdeated as the control (Group A). The diets given to
the other three groups were also based on thi¢ die$abut in the feed of group B an additionaj €Pr/kg
was added, in the feed of group C an additionalN2Qf5/kg was added and in the feed of group D bath 6
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CPr/kg and 2 g MOS/kg were added. The CPr supplenmssed was “Calcium propionate granules 99%”
from Dr. Paul Lohmann, Emmerthal, Germany. The MDS8plement used was “MOS 500" from Ultra Bio-
logics Inc., Ragaud, QC, Canada.

Feed and drinking water were offered to biadgibitum and the feed consumption was recorded daily.
Conventional rearing and management procedures appiged throughout the feeding period that lagi2d
days. The quail were handled according to the fmies of the Greek Directorate General of Vetegnar
Services for the care of animals in experimentation

All birds were individually weighted at weekly imt@ls. The sex of each bird was also recordeden th
last three weekly measurements. The feed intakéipgper day and the feed conversion ratio (kgifieg
weight gain, FCR) were calculated at weekly interviglortality was recorded daily.

On day 42 of age, one male and one female bird &aah replicate were randomly selected, weighted
and slaughtered under commercial conditions. Afberssing the carcass weight was measured and the
dressing percentage calculated. The carcass whsdcht 1 °C for 12 h and, then it was separatdd in
different partsyiz. as breast, back, neck, legs and wings, whose tweigh recorded, and their percentages
to carcass weight were calculated. The weightwafrland heart was also recorded and their peroestiag
live weight were calculated. All these parts wezaled in polyethylene bags and frozen at -20 °Guther
analysis.

From the frozen breasts, the meat was separatedtifre bones, it was homogenized and was analyzed
for crude protein, crude fat, moisture and ash ting to the guidelines of AOAC (2005).

The fatty acid composition of the breast meat wss determined according to Folehal. (1957) and
AOAC (2005). Separation and quantification of thetinyl esters of the fatty acids was carried ouhaigas
chromatographic system (TraceGC model K07332, ThEimmigan, ThermoQuest, Milan, Italy) equipped
with a flame ionization detector, a model CSW Ihfomatography station (CSW, DataApex Ltd, Prague,
Czech Republic) and a fused silica capillary coluyB@ m x 0.25 mm i.d., coated with cyanopropyl
polysiloxane (phase type SP-2380) with a film thieks of 0.2Qum (Supelco, Bellefonte, PA, USA). The
chromatographic conditions were:

e Carrier: N, Flow: 1 mL/min;

* Oven: Temperature 70 °C for 0.5 min, increase 3fMiC to 180 °C for 10 min, increase
5 °C/min to 225 °C for 10 min;

* Inlet temperature: 250 °C, detector temperatur: €5

* Injection: 2uL, with split 1/40.

The statistical analysis was performed using thee@® Linear Model function of the SPSS (2007)
Ver. 16.0.1 statistical package (SPSS Inc., ChighGgdJSA). The experimentation was based on eofdeit
model 2 x 2 (MOS x acidifier) or 2 x 2 x 2 (MOS gidifier x sex). The one-way analysis of variancethe
four experimental groups was performed. Also, the-tvay analysis of variance and three-way analysis
variance (when applicable) were performed, usingnas effects the inclusion of MOS in the feed (two
levels), the inclusion of CPr in the feed (two lisyeand the sex of the birds (two levels, when i@pple). A
value of P<0.050 was considered significant. The Levene’swes applied to test the homogeneity of the
variances. Tukey’s test was applied to determiaessical differences between the means.

Results and Discussion

The effect of sex and dietary supplementation ofSvi@hd CPr on the body weight is presented in
Table 2. During the six weeks of the experimentatitere were no differences (P >0.050) in body hteig
between the four groups. The addition of MOS resuibh a higher (R0.050) body weight on day 14 of age
and on the last day of the experiment (day 42).il&imesults were observed in previous studies bglG
(2003), Parlatet al. (2003) and Oguz & Parlat (2004) who also obsetvighier body weight for birds that
consumed MOS, whereas Ghaglal. (2007) and Saricet al. (2009) did not observe significant differences.
In contrast, the addition of CPr resulted in a taxay for the birds to have lower body weights atsd28 and
35 of age. Other researchers (Sacetidil., 2006; Cakirt al., 2008) did not find any significant difference in
the body weight of birds fed acidifiers, wherea®o&tet al. (2007) and Ocakt al. (2009) found higher body
weights for birds fed acidifiers. Furthermore, tmale birds had higher €.010) body weights on days 35
and 42 of age, which is to be expected since femad are normally heavier than males (Yannakopoél
Tserveni-Gousi, 1986; Shim, 2005). Finally, no tiatdion (P >0.050) between the main effects was
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observed, which is similar to the findings of Lo@tlial. (2002) and Pelicanet al. (2004), whereas Ghosh
et al. (2007) reported improved body weight for birdd fecombination of MOS and sodium butyrate.

Table 2 Effect of sex and dietary supplementation of MGBr or their combination on body weight of
Japanese quail (mean + s.d.)

Body weight (g) of quail on day of age:

Day 7 Day 14 Day 21 Day 28 Day 35 Day 42

Quiail Groups

Group A 19.3+0.4 48.3+2.0 67.8+0.6 122.3%3. 154.6 £4.6 172.0+13.4

Group B 20.3+1.2 48.0+1.3 63.9+£9.1 120.25% 7. 152.3+7.4 175.6 £21.3

Group C 19.2+0.7 51.2+14 70.6 £8.2 129.6% 8. 160.9x6.7 178.5+£14.0

Group D 18.8+1.3 50.0£1.2 66.0£4.8 120.84 5. 154.2+6.2 180.8 £ 14.5

P value 0.392 0.091 0.653 0.071 0.132 0.340
Effect of MOS

0 g/kg 19.8+1.0 48%x 1.5 65.8+6.1 121.2+5.7 153.4 £6.0 17387.1

2 g/kg 19.0+1.0 50% 13 683+65 1252+8.0 1575+7.1  17%23.7

P value 0.208 0.021 0.526 0.178 0.088 0.025
Effect of CPr

0 g/kg 19.3+0.5 49.8+2.2 69.2+54 1259+7.1157.7+6.4 175.2+£13.5

6 g/kg 196+1.4 49.0+1.6 65.0 £ 6.6 120.5+6.2 153.2+6.6 178.2+17.6

P value 0.619 0.419 0.296 0.070 0.063 0.233
Effect of sex

Male - - - 121.5+7.4 152%% 6.7 163.F+ 6.6

Female - - - 1248+6.7 158851 190.3+7.1

P value - - - 0.233 0.009 0.000
Interaction (P)

MOS x CPr 0.294 0.595 0.934 0.242 0.346 0.795

MOS x Sex - - - 0.843 0.542 0.202

CPr x Sex - - - 0.839 0.385 0.094

MOS x CPr x Sex - - - 0.774 0.805 0.220

MOS - mannan oligosaccharides; CPr - Calcium prugdi®, s.d. - standard deviation.
Means within column with a superscript in commotthivi group or effect do not differ significantly Bt0.05.
" Groups: A = control; B =6 g CPr/kg; C =2 g MO§/I = 6 g CPr/kg + 2 g MOS/kg.

Table 3 presents the effect of the dietary supphiateon of MOS and CPr on the daily feed
consumption of the growing quail. During the secardl the third week of the experiment, a higher
(P <0.050) feed consumption was observed for groupr@peoed to group B. Also, during the fourth week a
higher (P<0.050) feed consumption was observed for groupadCCacompared to group B. Moreover, the
addition of MOS resulted in higher €®.050) feed consumptions during the second, thicddfaurth weeks.
There is considerable variation in the results regbby other researchers, since Rosen (2007ay twyad
comparative studies reported on average lower éeesumption for birds fed MO®s. controls, whereas
Oguz & Parlat2004)reported a higher feed consumption for birds fedSvi@hile Ghoslet al. (2007) and
Saricaet al. (2006) found no significant differences. The &éddi of CPr resulted in a lower €0.050) feed
consumption during the second and third weeksetfa. (2009) found lower feed consumption due to the
dietary supplementation of acidifiers in the feddbods, whereas other researchers (Paetadl., 2003;
Sacakliet al., 2006; Ghoslet al., 2007; Cakiret al., 2008) did not find difference or reported (Ochlal.,
2009) an increase in feed consumption. Finallyeraattion (P<0.010) between MOS and CPr was observed
during the fourth week, which showed that the comabiaddition of MOS and CPr resulted in higher feed
consumption than the single addition of each sulsstaBrzéskat al. (2007) and Ghosé al. (2007) found
no significant interaction between MOS and acidifie

The results concerning the FCR are presented iteTabThere was no difference (P >0.050) in the
FCR of the four groups during the six weeks of ¢lperimentation. Neither the addition of MOS, nue t
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addition of CPr resulted in any effect (P >0.038)clu (2003), Parladt al. (2003) and Ghosé al. (2007)
found lower FCR for birds fed MOS. Other researsi&acakliet al., 2006; Cakiret al., 2008; Ocalet al.,
2009) reported no significant difference in birasl facidifiers, whereas Ghoshal. (2007) and Senkoylu
et al. (2007) observed lower FCR. Also, an interactidr@.050) between MOS and CPr was noticed during
the fourth week which shows that the combined amdibf MOS and CPr resulted in a higher FCR than th
addition of each substance separately. In contoatitese findings, Pelicana al. (2004), Brzoskaet al.
(2007) and Ghoskt al. (2007) did not find any significant interactioattveen MOS and acidifiers. Finally,
mortality was not affected (P >0.050) throughoet éxperimental period in all groups.

Table 3 Effect of dietary supplementation of MOS and CPtheir combination on daily feed consumption
of Japanese quail (mean * s.d.)

Daily feed consumption (g) on week of age:

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Quiail Groups

Group A 3.04+0.17 9.68+0.36 9.68°+0.26 23.0+0.61 13.59+1.67 18.73+4.09

Group B 316+010 8988024 850+0.49 20.37+0.15 15.25+2.16 21.05+ 1.87

Group C 3.27+0.31 10.24065 10.27+0.80 23.22+1.63 13.98+1.75 20.33+2.90

Group D 3.10+0.04 9.72+0.16 9.28+0.29 23.73+1.28 13.15+1.31 21.96+1.04

P value 0.492 0.028 0.016 0.021 0.524 0.551
Effect of MOS

0 g/kg 310+0.14 932046 9.07+0.71 21.69+150 14.42+195 19.89+3.11

2 g/kg 319+022 998051 9.78+0.77 23.48+134 1356+1.45 21.14+2.14

P value 0.443 0.020 0.042 0.021 0.420 0.447
Effect of CPr

0 g/kg 316+026 993057 9.95+064 23.13+1.11 13.78+1.54 19.53+3.29

6 g/kg 3.13+0.08 9.35044 888+056 22.05+2.02 14.20+1.97 21.50+1.44

P value 0.833 0.029 0.007 0.123 0.688 0.246
Interaction (P)

MOS x CPr 0.201 0.737 0.811 0.036 0.252 0.830

MOS - mannan oligosaccharides; CPr - Calcium prugie; s.d. - standard deviation.
Means within column with a superscript in commotthwn group or effect do not differ significantly B&0.05.
" Groups: A = control; B = 6 g CPr/kg; C =2 g MO§/P = 6 g CPr/kg + 2 g MOS/kg.

The growth promoter effects of MOS and acidifiers attributed to their ability to limit the growdit
potential pathogens in the digestive tract of aténflalickstadtet al., 2004; Bozkuret al., 2008; Lickstadt,
2008). Thus, the digestive tract remains healthgctions more efficiently and more nutrients arailable
for absorption. It can, therefore, not be exclutleat the beneficial effects of feed supplementshintze
observed under less hygienic housing conditiongoainehen using a less digestible diet (Migatedl., 2002;
Simset al., 2004; Herndndet al., 2006; Baurhoet al., 2007; Bozkurtt al., 2008).

The effect of sex and supplementation of MOS and i6BRhe feed of the growing quail on their
carcass quality is presented in Table 5. No effBct0.050) was observed for the parameters measured
between the four experimental groups. The addiiibROS resulted in a higher (#0.010) carcass weight
and lower liver percentage, but had no effect (F05@) on the other parameters. In similar experimen
Bozkurtet al. (2008), Ghoslat al. (2008), Koncat al. (2009) and Saricet al. (2009) reported no significant
improvement in birds due to the supplementing of $/@h carcass weight, carcass dressing percentage or
carcass part percentage. The birds that consumetig@Hower (P<0.050) carcass dressing percentage, but
the addition of CPr in the feed had no effect (F050) on the other measured parameters. @calk (2009)
reported higher carcass weights; Leesbal. (2005) reported higher breast percentages, whe3aaakli
et al. (2006), Cakiret al. (2008) and Ghoslet al. (2008) did not report any significant differenae the
carcass characteristics of birds fed acidifierstiarmore, the sex of the birds had a significdigce on the
carcass weight and carcass dressing percentage,tbm female birds had higher{B.001) carcass weight
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but lower (P<0.001) carcass dressing percentage than males. thiséemale birds had a higher<P.001)

liver percentage than the male birds. These resalisbe attributed to the anatomical differenceasvéen
male and female birds (Yannakopoulos & Tserveni€goli986; Shim, 2005). In addition, interaction (P
<0.050) between MOS and CPr was observed on thassaveeight, which shows that the combined addition
of MOS and CPr resulted in smaller increases afasa weight than the single addition of MOS, comgar

to controls. Furthermore, interaction €B.050) between MOS and sex was observed on thassaveeight,
which shows that the addition of MOS in the feesuled in a higher increase of carcass weight falem
birds than for female birds. Finally, interactiofs<0.050) between MOS, CPr and sex were observed on
carcass weight. According to Ferket (2004), thetjpeseffect of growth promoters on carcass quatitgy

be attributed to the improvement of the animal’altheand the more efficient utilization of the fematrients.

Table 4 Effect of dietary supplementation of MOS and CPtheir combination on feed conversion ratio (g
feed/g gain) of Japanese quail (mean +s.d.)

Feed conversion ratio of quail on week of age:

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Quail Groups

Group A 164+0.17 2.12+0.09 255+0.03 26863 2.74+0.11 3.22+0.22

Group B 1.75+0.17 2.08+0.05 259+041 25 269+0.16 3.23+0.16

Group C 1.80+£0.34 2.09+0.08 259+0.23 2608 2.72+0.07 3.21+0.10

Group D 1.86+0.20 2.07+£0.06 259+0.19 27dA¥ 2.70+x0.08 3.11%+0.15

P value 0.694 0.845 0.993 0.123 0.957 0.795
Effect of MOS

0 g/kg 1.69+£0.16 2.10+0.07 257%+0.26 2.6Q#30 2.72+0.12 3.22+0.17

2 g/kg 1.83+0.25 2.08+0.06 259%+0.19 2.66@90 2.71+0.07 3.16%+0.13

P value 0.338 0.594 0.865 0.268 0.929 0.513
Effect of CPr

0 g/kg 1.72+0.26 2.10+0.08 259+0.23 2.65050 2.72+0.07 3.21+0.15

6 g/kg 1.80+0.18 2.08+0.05 259+0.19 2.61#0 2.70+0.08 3.17+0.15

P value 0.542 0.534 0.871 0.463 0.642 0.668
Interaction (P)

MOS x CPr 0.831 0.784 0.869 0.042 0.812 0.563

MOS - mannan oligosaccharides; CPr - Calcium pmugie; s.d.- standard deviation.
Differences between the means within column witirioup or effect were not significant.
" Groups: A = control; B =6 g CPr kg; C = 2 g MOG/P = 6 g CPr/kg + 2 g MOS/kg.

Table 6 presents the effect of the supplementatidOS and CPr in the feed of the growing quail on
the composition of their breast meat. The crudecdaitent of group B was higher @9.050) than that of
group D, but the crude protein, the moisture ardatsh content were not affected (P >0.050). Theiadaf
MOS resulted in a lower (R0.050) crude fat percentage which is in agreematt tve results of Ghosh
et al. (2008) who found significantly lower crude fatrpentage in the meat of quail fed MOS. It has been
reported that dietary oligosaccharides diluted lilie salt and reduced the lipid digestibility (Maisier
et al., 2003; Ghoslet al., 2008). The addition of CPr resulted in a lower(@P050) ash percentage and in a
tendency for the breast meat to have a higher oreigiercentage. Lessagtal. (1993) and Ghosht al.
(2008) found lower crude fat percentages for bifel$ acidifiers, while Samantet al. (2010) noticed
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Table 5 Effect of sex and dietary supplementation of MGBr or their combination on carcass characterisfidapanese quail (mean * s.d.)

Breast Back Legs Neck wings Liver Heart
Carcass Carcass
weight dressing % of % of % of % of % of % of live % of live
g % carcass carcass carcass carcass carcass weightweight
Quail Groups
Group A 124.75+14.62 76.37+3.10 34.37+3.63.02&3.75 22.00+1.30 7.58+1.49 820+131 02®.86 1.11+0.21
Group B 128.15+ 1255 72.66+3.92 34.08+1.90.62%# 156 22.67+0.97 7.88+0.92 7.15+0.50 62H.60 0.97+0.11
Group C 142.40 + 10.60  77.49+3.27 36.02+2.66.62&3.23 21.62+1.37 7.85+046 7.50+1.39 7242 1.07+0.18
Group D 131.58+11.02 74.86+549 33.92+291.7Q#250 21.72+0.57 845+041 7.67+1.06 42342 1.02+0.13
P value 0.106 0.223 0.568 0.909 0.369 0.448 0.453 4270 0.468
Effect of MOS
0 g/kg 126.45+13.11 74.52+3.88 34.23+2.77 27.33+2.75 332115 7.73+1.19 7.68+0.10 2°380.71 1.04+0.18
2 g/kg 136.99+11.75 76.17+4.52 34.97+2.87 27.18+281 62%k1.00 8.15+052 7.58+1.18 2°210.43 1.04+0.15
P value 0.005 0.198 0.535 0.902 0.199 0.246 0.855 .0470 0.904
Effect of CPr
0 g/kg 13358 +15.27 76.9%23.09 35.19+3.16 26.84+3.34 21.81+1.29 7.72+1.0685+1.34 2.34+0.70 1.09+0.19
6 g/kg 129.87 +11.40 73.%764.69 34.00+2.34 27.67+1.99 2219+091 817+0.74 7.41+0.84.4520.50 0.99+0.12
P value 0.273 0.020 0.324 0.477 0.452 0.212 0.383 .5280 0.175
Effect of sex
Male 125.28+14.95 78.03+1.86 34.09+3.16 28.18+3.18 21.99+1.20 7.69+0.9140+0.90 2.05+0.36 1.07 +0.09
Female 138.10+ 7.47  72.6B+4.23 3510+2.38 26.33+1.87 22.01+1.06 819+0.9186+1.29 2.74+0.61 1.01+0.21
P value 0.001 0.000 0.402 0.124 0.974 0.168 0.366 .0010 0.460
Interaction (P)
MOS x CPr 0.045 0.666 0.449 0.856 0.577 0.671 0.235 0.369 0.534
MOS x Sex 0.030 0.818 0.231 0.227 0.818 0.399 0.727 0.076 0.683
CPr x Sex 0.052 0.307 0.611 0.402 0.843 0.197 0.678 0.301 0.222
MOS x CPr x Sex 0.033 0.948 0.311 0.477 0.645 0.086 0.752 0.072 0.847

MOS - mannan oligosaccharides; CPr - Calcium pugdie; s.d. - standard deviation.

Means within column with a superscript in commothivi group or effect do not differ significantly B&0.05.
" Groups: A = control; B =6 g CPr/kg; C =2 g MO§/I = 6 g CPr/kg + 2 g MOS/kg.
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significantly higher ash percentage in their m&atthermore, no interaction (P >0.050) between MD&
CPr was observed. Ghoshal. (2008) reported interaction between MOS and sodiutyrate on the crude
fat percentage of quail meat, whereas Brz@la. (2007) did not find any significant interactioativeen
MOS and fumaric acid.

The effect of the dietary supplementation of MOS8 @fr on fatty acid composition of breast meat is
presented in Table 7. No differences (P >0.050evadrserved between the four experimental groups. Th
addition of MOS resulted in a tendency for the bteaeat to have higher percentages of palmitoleit a
and monounsaturated fatty acids. The addition af @i not have any effect (P >0.050) on the fattida
composition of the breast meat and no interaction>0.050) between the main effects was observed.
According to Furuset al. (1992), the fatty acid composition of the consdrfeed and of the animal tissues
can be modified as a result of the action of thengeroflora, because the gut microorganisms afe &b
hydrogenise unsaturated organic acids to moreaationes, or even to desaturate some organic acids

Table 6 Effect of dietary supplementation of MOS and CPtheir combination on carcass breast meat
composition of Japanese quail (mean + s.d.)

Carcass breast meat

Crude protein Crude fat Moisture Ash
g/kg g/kg g/kg g/kg
Quail Groups
Group A 219+4 F+17 719 +11 15+1
Group B 2133 46+ 14 7319 14+1
Group C 218 +11 78+ 3 725+ 14 15+£2
Group D 212 +4 13+ 2 7353 14+0
P value 0.498 0.041 0.298 0.218
Effect of MOS
0 g/kg 216 +4 38+ 16 725 +11 15+1
2 g/kg 215+8 18+ 6 730+ 11 15+1
P value 0.672 0.015 0.419 0.970
Effect of CPr
0 g/kg 218+8 27 £12 722 +12 4h1
6 g/kg 212+3 29+ 20 733+6 N4 1
P value 0.160 0.722 0.095 0.050
Interaction (P)
MOS x CPr 0.985 0.093 0.813 0.655

MOS - mannan oligosaccharides; CPr - Calcium prugie; s.d. - standard deviation.
Means within column with a superscript in commothivi group or effect do not differ significantly B&0.05.
" Groups: A = control; B =6 g CPr/kg; C = 2 g MOG/ID = 6 g CPr/kg + 2 g MOS/kg.

Conclusions

The sex of the quail affected the results, sineefémale quail had a higher ¢®.001) body and
carcass weight and liver to live weight percentagkereas they had lower @.001) carcass dressing
percentages. The dietary addition of MOS incredsetly (P<0.050) and carcass (®.010) weight, whereas
it decreased (R0.050) liver to live weight percentage and crudectantent of the breast meat. Moreover,
the dietary addition of CPr lowered §9.050) carcass dressing percentage and ash cartt#mt breast
meat. Interaction (R0.050) between the two examined supplements wasnadas on feed consumption,
FCR and carcass weight. Interaction<(P050) between MOS and sex was observed on cameagist.
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Table 7 Effect of dietary supplementation of MOS and CPtheir combination on fatty acid composition of threast meat of Japanese quail (mean + s.d.)

Myristic Palmitic Palmitoleic Stearic Oleic Linoleic Linolenic Erucic Total Total Total
acid acid acid acid acid acid acid acid SFA MUFA PUFA
C14:.0 C16:0 Cil6:1 C18:0 Ci18:1 C18:2 C18:3 C22:1
% % % % % % % % % % %

Quail Groups

Group A 554+258 18.69+1.03 516+1.77 9.88%5 31.95+556 2252+0.60 1.36+0.12 4465 34.05+4.49 42.08+5.00 23.87+0.66

Group B 256+0.97 1956+123 486+1.15 7.9938 36.03+1.39 2458+4.06 152+0.27 2802 30.14+128 43.76+3.09 26.10+4.33

Group C 453+199 17.73+0.85 7.11+1.22 7.888 3527+4.02 21.64+0.72 1.45+0.17 44188 30.12+297 46.78+3.31 23.09+0.61

Group D 3.20+£1.90 18.30+1.28 6.07+0.98 7.6208 37.39+1.74 22.07+199 130+0.10 4.a73® 29.11+1.04 4752+091 23.37+1.89

P value 0.230 0.301 0.233 0.469 0.359 0.461 0.453 .4380 0.225 0.246 0.454
Effect of MOS

0 g/kg 406+£238 19.13+1.12 5.02+135 8K 33.99+4.26 23.55+2.83 1.44+021 3.90681 32.09+3.65 42.92+3.83 24.99+3.03

2 g/kg 3.86+151 18.01+1.02 6.59+1.14 7.7433 36.33+3.00 21.86+1.36 1.37+0.15 4.24491 29.62+2.07 47.15+221 23.23%1.27

P value 0.848 0.122 0.074 0.298 0.294 0.241 0.536 7130 0.166 0.063 0.242
Effect of CPr

0 g/kg 5.03+2.13 18.21+1.00 6.15+1.71 8.8544 33.61+4.70 22.08+0.76 1.40+0.15 4.68611 32.09+4.03 44.43+459 2348%0.71

6 g/kg 289+0.80 18.93+1.32 546+1.16 7.80A 36.71+159 23.32+3.17 1.41+022 347281 29.63+1.19 4564+290 24.73+3.34

P value 0.064 0.292 0.396 0.350 0.175 0.378 0.955 .2060 0.169 0.556 0.394
Interaction (P)

MOS x CPr 0.440 0.818 0.649 0.473 0.650 0.557 0.153 0.351 0.398 0.817 0.501

MOS - mannan oligosaccharides; CPr - Calcium pmugti®; s.d. - standard deviation; SFA - Saturatey &ids; MUFA - Monounsaturated fatty acids;
PUFA - Polyunsaturated fatty acids.
Differences between means within group or effeatewmt significant.

" Individual fatty acids expressed as percentagetaf fatty acids.

™ Groups: A = control; B =6 g CPr/kg; C = 2 g MO&/ = 6 g CPr/kg + 2 g MOS/kg.
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