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ABSTRACT: An experiment was conducted to stuiie effectiveness of
dietary malic acidMA) supplementation a&growth promoter on Japase
quail performance, carcass characteristics, intestividll and pH, bacteria
enumeration some blood paraeters, digestibility coefficients and
economical efficiency. A total number of 360sexed dapld Japanese
quail chicks were equally divided into 4 groups of 6 replicates each. Two
startergrower cornsoybean meal ((GBM) basal diets were formulated to
contain 24 % CPand 2900 kcal ME /kg diet and 22 % Gihd 2750 kcal
ME /kg diet, respectively. Also, two layer-SBM basal diets were
formulated to contain 20 % CBnd 2900 kcal ME /kg diet and 18 % CP
and2750 kcal ME /kg diet, respectivelyach of the dbasal diets was either
unsupplemented or supplemented with 0.05 % malic. adieérefore, 4
experimental treatments were used in both stargjrayving and laying
periods.Each chick group fed one of the 4 experimental diets.

At 35 days of age, a slaughtezst was performed to determine
carcass traits, edible giblets, lymphoid organs and intestinal villi,
microflora count and pH. Blood samples were taken and assayed to
determine some serum blood parameters. Digestibility trials were conducted
to determine atrients digestibility for startegrower experimental diets. At
laying period, egg number, weight, mass and producttmas well as feed
intake and feed conversion were recordatithe end of the 98ay period
egg samples were takemd broken out taletermine internal egg quality
and analysis.

From nutritional and economical point of view,wasobserved that
using malic acid at a level of 0.05 % in Japanese quail diets containing sub
optimal energy and protein levels helped reducing microflaracount,
particularly pathogens and in turn, improvequail performance and
immunity. However, using MA at a level of 0.05 % in Japanese quail diets
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containing optimal energy and protein levels caused an increasggn
mass and a decrease irfeed intakeand in turn, improving relative
economical efiency percentage.

INTRODUCTION

Livestock performance and feed efficiency aloselyrelated with
qualitative and quantitative microbial load of host animal, including load in
alimentary tract and environmef®arrido et al, 2004) Antibiotic growth
promoters (AGP)in poultry diets have been banned for whes to the
possibilities of antibiotic residue, the development of ehegistant bacteria
and a reduction in the ability to cure these bacterial diseaskanians
(Jensen, 1998) Therefore, searching for alternative products that lwan
used in poultry feeds andid in growth promotion, feed utilization
improvementand maintenance of gut health are taking place.

Supplementingpoultry diets with organic acideéas become an
important nutritional strategy aimed improve performance and health
status of poultry fed diets devoid of AGP. Organic gcaddfeed additives
have received increasing attention as alternative A®Phas made a
tremendous contributiorotthe profitability in the intensive husbandry and
providing people with healthy and nutritious poultry prody&tatten, and
Waldroup, 1988) Organic acids may stimulate endogenous enzymes
regulate gut microbial flora and halpmaintaining animal's h&h. The key
basicprinciple on the mode of action of organic acids on bacteria is that
nondissociated (neimnised, more lipophilic) organic acids can penetrate
the bacteria cell wall and disrupt the normal physiology of certain types of
bacteria(Dhawale, 2005)

Malic acid (MA), an alphahydroxy organic acid, is a colorless,
crystalline compound, COOH-GHCHOH-COOH, that occurs naturally in a
wide variety of unripe fruit, including apples. It is sometimes referred to as a
fruit acid. It isalso formed inmetabolic cycles in plant and animal cells,
including chickens. Peripheral malate derives from feed sources and from
synthesis in citric acid or Krebs cycle located in cells' mitochondria
(Lehninger, 1978and Van Kol E.M.R. 2005). Literatureon dietary MA
effect in poultry is limited andhe evidence by which exogenoMs&\ may
affect quail performance islso limited Therefore, the purpose of the
current studyaimedto evaluate the effects of dieta¥§A supplementation
on Japanese quailCoturnix Coturnix Japonicg performance, carcass
characteristics intestinal villi and pH,bacteria enumeration as well as
economical efficiency.
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MATERIALS AND METHOD S
Experimental birds and housing

Three hundred and sty unsexed dapld Japanese quail chicks were
used n a 35 day growingtrial. Chicks wereindividually wing-banded,
weighed and randomlydistributed into 4 experimental groups of similar
mean body weight (7.62+0.05 g/bird) of 90 birds each, which consists of 6
replicatesof 15 birds each. At 35 days of admrds were transferred to layer
quail cages for a 9@ay layingtrial.

Experimental diets

Two startergrower cornsoybean meal(C-SBM) basal diets were
formulated from the same batches of componetdscontain24 % CPand
2900 kcal ME /kg die(HPHE-diet) and 22% CPand2750 kcal ME /kg diet
(LPLE-diet). Also, two layerC-SBM diets were formulated toontain20 %
CP and 2900 kcal ME /kg diet and 18 CPand 2750 kcal ME /kg diet
Each of the 4 basal diets was either unsupplemented or supplemented with
0.05 % MA. Therefore, 4 experimentaltreatmentswere used in both
startinggrowing and laying peras. Each chick groupvasfed one of the 4
experimental diets.The composition andcalculated analysis of the
experimental dietareshownin Table(2).

Management

Quail chicks were reared under similar management conditions. Ambient
temperature was maintained at-3& C during the T week andweekly
decreased by 2C for the next 3 weeks. During the™sand 6" week,
temperature was maintained at2® C. Birds received continuous artificial
daily lighting during growing trial and 17 h afterwards. Chicks were fed the
startergrower diets from 1 to 35 d and the layer diets from 35 to 186 d
age. Mash feed and clean fresh tap water were proaidiéidlitum.

Measurementsand data collection
Growth performance

Individual body weightg) and feed intake (g/bird) were weekly recorded
to determine body weight gain (gleed conversion ratio (g feed/g gain),
protein conversiomatio and caloricconversionratio. Mortality rate% was
also @lculated oraweekly basis.

Carcassparameters

At the end of thestartinggrowing period (35 days) 48 birds( 6 I + 6
I / t r eawitm&W tnearly closeto the meanwere slaughtered to
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determine carcass characteristics. Obthingriteria were eviscerated
carcass dressing,breast and thigh weight Abdominal fat was removed
from gizzard and abdominal region and induadly weighed for each
carcass. Ovargviduct was carefully separated and accurately weighed.
Edible giblets(liver, heart andgizzard were individually separated and
weighed.Lymphoid orgas (thymus bursa and spleen) were individually
removedweighedandcalculated for eacbrganas % of live BW.

Villus height andwidth

Digesta from gastrointestinal tract wefleshed at pH 7.4 to avoid
damage to tissues. Intestirssimples of 1 cm in length were taken from the
middle of each segment of the duodenum, jejunum, and ilésamples
were then fixed in 106 buffered neutraformaldehyde solution (pH 7.4),
processed,ra cut to 6um sectionghatwere stained with hematoxyland
eosin and examined with a light microscopedigital camera was used and
villus height was measuredirom tip to villus bottom.Villus width was
measuredt villi bottom.

Bacteria enumeration and intestinal pH

At the time of slaughter tesB samples ofileum content for each
treatment were taken. Totalicroflora, colibacillus and lactobacillus of
ileum contentwere enumerated. Lactobaditiblibacillus ratio was also
calculated.The pH of intstinal contents was directly determined by-pH
meter.

Blood serum parameters

At the time of slaughter tes48 blood samplesg(ll and6 | / treatment)
weretaken andserum was separated by centrifugation for 10 minutes (3000
rom) and stored in vials &t20 °C for later analysisFrozen serum was
thawed and assayei determine, on individual bases, some biochemical
parametersby udng suitable commercial diagnostic kits and Atomic
Absorption Spectrophotometefollowing the same steps as described by
manufacturesColorimetric determination aderum total protein (TP, g/100
ml) was measured accordinghkienry (1974) Albumin concentation (Alb,
g/100 ml) was determined. Globulin concentration (Glo, g/100 ml) was
calculated by the difference between TP &kld, sine the fibrinogen
usually comprises a negligible fractig8turkie, 1986) The Alb/Glo ratio
was also calculatedTotal lipids (TL, g/100 ml) and cholesterol (Cho,
mg/100ml) werealsodetermined
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Digestibility trials

A total number oR4 adultll g wfabiwks old wereselected at the end
of the growing trial andndividually housed in metabolic cages for carrying
out 4 digestibilit y t r i atremtme(tdo dktermine the nutrient
digestibility coefficientfor dietary treatments in terms of crude protein (CP),
crude fiber (CF), ether extract (EE) and nitrogen free extract (NFE) values.
Digestibility trials lasted for7 days, a 4-day preliminary period for
adaptation to metabolic cagedléwed by a3-daymain collection period in
which FI was offered on aad libitum basis and excretautput wasdaily
guantitatively collected foreadh over 3 consecutive days

Eggtraits and quality

Eggs wee daily collected and weighedverages of egg number (EN),
eggweight (EW),eggmass (EM) andeed conversion ratio (FCRyer EM
were weekly calculated per each replicate d®@0-day laying periodEgg
quality was assessed on 5 egg#iected per replicate during 3 days at the
end of the 9@lay period Egg shape index (ESI) was determined according
to Stadleman (1977) Eggs were broken out and the liquid contents were
put a side and shell plus membranes washed to remove adheringralbume
After drying, shell weight % was measured. Shell thicknessh)(SWas
measured by using a micrometer as an avera@epoints (top, medial and
base).Egg analysis including albumin protei, yolk protein %, ether
extract % and cholestero(mg /gm yolk) were performedaccording to
Washburn and Nix (1974)

Chemical and gatistical analysis

Experimental diets and excreta were analyzed followingcedures
detailed bythe Association of Official Analytical ChemistAOAC 1990)
for CP, CF, DM and EEThe NFE was calculated byhe difference.
Metabolizable energy (ME) of experimental diets was calculated
considering the ME values of different feed ingredi¢NRC, 194). Fecal
nitrogen was determined accordinglakobsenet al.(1960)

Obtained data werexpressed as means * standard errorstatistically
analyzed by analysis of varian(BNOVA) as a factorial arrangement of 2
x 2 according tdSteel and Torrie (1980) Also, the General Lineaviodel
(GLM) procedure ofSPSS (1993)computer statistical programas used.
The significant means were ranked using Duncan's Range(Destan,
1955) Statistical significancéevel was testdat probability of B0.05.
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RESULTS AND DISCUSSION
Growth performance

The mean values of growth performance parametetsrms of
body weight (BW), feed intake (FI), body weight gain (BYGeed
conversion ratio (FCR protein conversion ratio, (PCR), caloric conversion
ratio (CCR) and mortality rate (MR) % are shown in Table (2). Apart from
MA, it was observed that feeding HPHiets resulted in significant
increase in BW, BWG, FI, PI, Cl, PCR and CCR values and significant
decrease in MR % as compared to LRIliEts. However, FCRvas not
significantly affected. Aside from diet type, feeding MApplemented diets
gave significantmprovement in BW, BWG, FCRPCRand CCR as well as
significant decrease in FAnd MR % incomparisonto MA-free diets.
However, both Pl and Qlere not significantly affected. Supplementing
MA to HPHEdiet had nosignificant effect on BW, BWG, FCR, PI, ClI,
PCR and CCR, whereas isignificantly decreased FI and MR % as
compared to theorrespondingontrol diet. However, supplementing MA to
LPLE-diet significantly improved BW, BWG, FCR, PCR and CCR
significantlydecreased FI and MR %, but it had no significaffect on PI
and CI.

These esults are in agreement with thosdich showed that
organicacids have positive effects on poultggowth (Chaveerachet al,
2004) and FI was decreased with increasing dietary propionic acid levels
(Cave 1984) The improement in FC may be due to the acidic conditions
that make the nutrients more availaf®ling et al, 2001)which monitors
better performancéppositely other results have shown that adding in
drinking water did not showignificant difference in BWMoharrery and
Mahzonieh, 2005)and BW was notsignificantly affected by organic acid
treatmentgDenli et al,, 2003)

Carcass characteristics

Data concerning carcass characteristics are presented in Table (3).
Regardless of MA, it was noted that birdsvesi HPHEdiet had
significantly increased eviscerated carcass %, dressing %, breast % and
ovary-oviduct % but significantly decreased abdominal fat % as compared
to those fed LPLEliet. Irrespective of diet type, no significant influence
was found due tdMA supplementation on carcass parameters except for
abdominal fat % that was significantly decreased and emaduct % that
was significantly increased. Adding MA to HPHlet had no significant
influence on eviscerated carcass %, dressing %, breasiddmaal fat %
and ovaryoviduct % as compared to the corresponding-K¥tée diet.
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However, supplementing MA to LPL#8iet had significantly
increased eviscerated carcass %, dressing %, breast % andwadaict %,
but it significantly decreased abdominé&t % as compared to the
corresponding MAfree diet.

Edible giblets and lymphoid organs

The results illustrated in Table (4) indicated that regardless of MA,
feeding HPHEdiet had significantly in@ased liver % and heart %,
however, gizzard % was notgsificantly affected as compared to LRLE
diet Regardless of diet type, MA supplementation caused no significant
effect on éible giblets SupplementingA to HPHE or LPLE-diets had no
effect on edible giblets as comparedth® corresponding MAree diet
Concerninglymphoid organgdata, it was noticed that neither diet type nor
MA showed significant effect, except for thymus gland that was
significantly increased biA supplementationAdding MA to HPHE or
LPLE-diets caused a significant increasdyimphoid organ$o as compared
to the corresponding MAree diet.

The present results are in agreement withsethat have shown that
liver % was nosignificantly affected bjMA (Moharrery and Mahzonieh,
2005)andorganic acid Denli et al 2003) Thymus isa good indicator of
immune function.Shelat et al. (1997) revealed that thymus size is a
sensitive indicator of health and acotechronic stress response.

Villus height andwidth

The mean of intestinal villus height and width are summarized in
Table (5. Apart fromMA, diet type caused no significant effect asillus
height and width in differenintestinal segments. Irrespective of diet type,
MA supplementediets hadsignificantly increased intestinal villus height
and widthin different intestinal sgments as compared to M#ee diets.
SupplementingMA to HPHE or LPLE-diets hadsignificantly increased
intestinal villus height and widthn different intestinal segments as
compared to the corresponding Mieediets.

Bacteria enumeration and intestinal pH

The mean ototal microflora count, colibacillus lactobacillus and
lactobacillugcolibacillus ratio of the ileum content as well as intestinal pH
are given in Table (6)Regardless of MAdiet typecaused no significant
effect on total microflora court, colibacillus and lactobacillus and
lactobacillugcolibacillus ratio of the ileuncontent as well as intestinal pH.
Irrespective of diet typeMA supplementation resulted in significant
decrease inotal microflora count,colibacillus count and intestingoH as
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well as significant increase lactobacilluscount,lactobacillugcolibacillus
ratio as compared to M#kee diets. SupplementingMA to HPHE or
LPLE-diets resulted in significant decrease total microflora count,
colibacillus count and intestinapH as well as significant increase in
lactobacillus count, lactobacillugcolibacillus ratio as compared tdhe
corresponding MAfree diets.

These esults are in agreement with thosé Moharrery and
Mahzonieh, (2005) who found thatE. coli count was sigificantly
decreased by MAThis was due t@rganic acidghat caninhibit growth of
many bacteria and toxiproducing moldgRoy, 2002) Intestinal pHwas
not affected byormic and propionic acidéThompson and Hinton, 1997)
The acidic pH allove establiiment of microorganisms particularly
Lactobacillus spp(Sarra et al, 1985)andprevents E. coli growth and these
conditions make the absorptive area more benefi¢iabfing and
Gottschal, 1997)

Blood serum parameters

Results concerning total proteinK); albumin (Alb), globulin (Glo),
Alb/Glo ratio, total lipids (TL) and cholesterol (Cho) are shown in Table
(7). There were no significant differences aither TP or Cho among
different treatments. Irrespective ®fiA, HPHEdiet caused significant
increag in Alb and Alb/Glo ratio and significant decreaseGlo and TL.
Regardless ofdiet type, MA supplementation resulted in no significant
differences among all studied traiupplementing MA tAHPHE-diet had
similar Alb, Glo, Alb/Glo ratio and TL valueto those of the corresponding
MA-freediet The same trend was observed in case of supplementing MA to
LPLE-diet.

Nutrients digestibility coefficients

Dataregarding d@yestibility coefficientsof crude protein (CP), crude
fiber (CF), ether extract (EE) dmitrogen free extract (NFE) values for
experimental startegrower diets are given in Table (8)here were no
significant differences inCF and NFE digestibilities among different
treatments Apart from MA, HPHE-diet caused significant increase in CP
and EE digestibility as compared tbPLE-diet. Away from diet type,MA
supplementation caused significant increase for only difestibility.
Supplementing MA taHPHE-diet hadsimilar CP and EEdigestibility as
compared to the corresponding Meee diet However,supplementing MA
to LPLE-diet caused a significant increase in @®l similar EEdigestibility
as compared to the corresponding ¥téediet
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In general, the improvement due to adding MA may be attributed to
improving intestinal microbial balance. bther words, MA helps to keep
the intestinal tract healthy and when the epithelial tissue is healthy, there is
improved and better absorption of all nutriefitaistha et al.,1996).

Economical efficiency

Economical evaluation parameters fMA supplementdon in
Japanese quail dietarying inCP and MEin terms of feeding cost of the
experimental diets, net revenusconomical efficiency (Efe and relative
economical efficiencyREE;) of meat production are listed in Talf.

Results showed thatugplenenting MA to HPHE-diet failed to
increaseREE; % as compared to the correspondiNtA-free diet The
highestREE; % was obtained bysupplementingVlA to LPLE-diet. This
may be due to FCR improvement and low FI for birds fed this experimental
diet. Other expanation is the beneficial effect of MA which improved
absorption of nutrients and depressed harmful bacteria that causes growth
depression.

Laying performance

Results concerningpying performance in terms of egg production
(EP) %, egg number (EN), egg gkt (EW), egg mass (EM), feed intake
(FI) and feed conversion ratio (FCR) values are shown in Table (10).
Irrespective ofMA, HPHE-diet caused significant improvement in EP %,
EN, EW, EM and FCR as well as significant decrease imsFiompared to
LPLE-diet. Theseresults are in harmony with those Abdel-Rahman
(1993) Shrivastav et al, (1993) Zanaty et al. (200]); Yakout et al.
(2004)and Garcia et al., (2005)who reported that EP, EW, EM and FCR
were improved with increasing dietary CP level. Howeacia et al,
(2005)reported thaFl was not significantly affected lietary CP level

Regardless ofdiet type, MA supplementation caused significant
improvements in EP % and FCR as well as a significant decrease in Fl.
Supplementing MA teHPHE-diet hadsimilar EP %, EN, EW, EM and FCR
to the corresponding M#Aree diet The only exception was FI that was
significantly decreased as comparedhe corresponding MAree diet On
the other hand, supplementing MA toPLE-diet caused significant
improvemeng in EP %, EW, EM and FCR except for FI that was
significantly decreaseds compared to the Mfieediet

Egg quality

Data regarding egg quality in terms of egg shape index (ESI), egg
specific gravity (SG), shell thickness (STh), shell weight (S) %, yelit
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(Y) % and albumin weight (Alb) % are presented in Table (11). There were
no significant differencesn SG, Y % and Alb % among different
treatments.Theseresults are in a relative harmony with the results of
Garcia et al, (2005)who reported thatidtary CP levels had no effect oh

%. On the contrary, increasing CP lewetreasedy % and reducedlb %
(Akbar etal., 1983),increasedr % (Yakout et al.,2004)anddecreased

% (Zanaty, 2006)

Regardless of MA, HPHHdiet caused significant increase ESI,
STh andS %. Similar observations have been reportedYbkout et al.
(2004) and Zanaty (2006)who found that SThvas significantly increased
with increasing CPThis may be due to the increase in EWtheenhancing
of Ca deposition in the shefiatrix.

Irrespective of diet type, MA supplementation caused significant
increasen ESI, STh and S %. Supplementing MAHBHE-diet hadsimilar
ESI, STh and S % to those of the corresponding-fié& diet However,
supplementing MA td_LPLE-diet caused sigficant increase irESl, STh
and S % as compared to the correspondingfidadiet

Egg analysis

Results concerninggg analysis in terms of albumin protein (4)b
%, yolk protein (%) %, yolk ether extract () % and yolk cholesterol
(Ycno) are shown inTable (12).Regardless oMA, HPHEdiet caused
significant increase in % andsignificant decrease i¥ige % and Yeno %.
These results are in agreement with previous studidsmadérsson (1979)
Akbar et al, (1983)andGarcia et al, (2005)whoreportedthatY, contents
increased with highetietary CHPevels.

Irrespective ofdiet type, MA supplementation caused significant
decreasén Ycno %. Supplementing MA téiPHEdiet caused similay, %
and Yee % as well as significant decrease ianY% as compad to the
corresponding MAfree diet The same trend was observed in case of
supplementing MA ta.PLE-diet.

Economical efficiency

Economical evaluation parameters fMA supplementation in
Japanese quail dietarying in CP and MEin terms of feeding cogif the
experimental diets, net revenusconomical efficiency (Ef and relative
economical efficiencyREE) of eggproduction are listed in Tab(&3).

Results showed thathe highest REE % was obtained by
supplementingVA to LPLE-diet. This may be du& the FCR improvement
and low FI for birds fed this experimental di€tther explanation may be
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due to the beneficial effect of MA which improved absorption of nutrients
and depressed harmful bacteria tteises egg production depression.

From nutritiond and economical point of vievit, could be concluded
that using MA at a level of 0.05 % in Japanese quail diets containing sub
optimal energy and protein levels helped in reducing microflara count,
particularly pathogens and in turn, improving quail perfance and
immunity. However,using MA at a level of 0.05 % in Japanese quail diets
containingoptimal energy and protein levels caused an increase in EM and
a decrease in EInd in turn, improvindREE %.
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