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SUMMARY

2012. Chickens were initially fed a control diet faree days. A total number of 192 three-day old
unsexed broilers (Cobb strain) were divided intcheigeatments (24 birds each). Each treatment
contained three replicates of eight birfilee experimental (4x2 factorial) treatments werdadisws:

1. Chicks were fed the control diet (C). 2. C - @ude protein (CP). 3. C +2% citriciddCA).

4. C - 2% CP +2% CA. 5. C +2% lactic acid (LA). 6. C % 2P +2% LA. 7. C +1% CA +1% LA.

8.C - 2% CP +1% CA +1% LA. Results obtained could be summarized in the follgwin

The experimental work of the present study was @amut during the period from January to February

1- Productive performance: The results indicated H&at/, LBWG, GR and PI significantly decrease with
reduction CP contents of the diet. Chicks fed déetstaining recommended level of CP had the bestURT;
and CCR during the overall period studied. Chicks et supplemented with organic acids (OA) had
significantly lower FI during the period from 4 to 38 days of aBetary CP level had insignificantly affected
FI during the period from 4 to 38 days of age. Chidkd diet containing recommended level of CP
supplemented with 1% CA + 1% LA hanificantly lower FI during the period from 4 38 days.

2- Slaughter parameters % and intestinal microflorantoOrganic acids supplementation to broiler diets
decrease total microflora count, while, insignifitaeffects were observed in slaughter parameters %,
colibacillus and lactobacillus. Chicks fed diet tining recommended level of CP had significantighler
intestinal pH (lower total microflora count). Nogsificant differences due to interaction betweepety of
addition with level of CP were observed on slaughteameters % and intestinal microflora count.

3- Blood constituents: Chicks fed diet containing sphiroal CP level un-supplemented with OA had higher
RBCs value, while, those fed diet containing sub-oti€P level supplemented with 2% LA had lower RBCs
value (higher MCV value).

4- Chemical composition of broiler meat and tibia pagters: The highest fat% (the lowest protein and@sh
were observed for chicks fed diet containing sutiragd CP level. No significant differences due ttenaction
between types of addition with level of CP on cheicomposition of broiler meat. Organic acids
supplementation to broiler diets significantly iease calcium (Ca) and phosphorous% (P) comparédiase

fed un-supplemented diet. The highest density, &h,and P values were observed for chicks fed diets
containing optimal CP level. The results indicatedsignificant differences due to interaction betwggpes of
addition with level of CP on tibia parameters.

5- Economical efficiency value during the period frdmo 38 days of age was improved of chicks fed diet
containing recommended level of CP supplemented 2#hCA and chicks fed diet containing recommended
level of CP supplemented with 1% CA +1% LA, as coragawith those fed the control diet and other
treatments.

It could be concluded that, Cobb broiler chicks ffed protein diets supplemented with OA maintaie th
same performance and economical efficiency asdhttined from chicks fed diets containing recomneehd
level of CP. On the other hand, it can be conclutiatl CP can be reduced from the recommended lgve¥h
and supplement these diets with OA (i.e., CA and wihout affecting performance. However, usingtsdeets
reduces feed cost and nitrogen pollution.

Keywords: citric acid; lactic acid; crude proteinproiler performance; bacterial count; blood serum
parameters.

INTRODUCTION

I ssued by The Egyptian Society of Nutrition and Feeds



Ragab et al.

Poultry production in Egypt has become one of tlhgdst agriculture industries and its improvement
is one of the main objectives of both private amndblig sectors. Moreover, feeding cost for poultsy i
usually considered the most expensive item, esihedi@tary protein sources. Efforts to reduce aligt
protein level have been the subject of numeroussitigators. Further, poultry production increasednf
just over 118.8 million birds at the end of 2000oteer 137.2 million birds by the end of 2010 in Byy
(FAO, 2012); this increase in production resultedan increase in poultry litter available for land
application. Abd El-Gawadt al. (2004) concluded that lowering crude protein (&9l lowered broiler
chicks performance. Hence, it is expected thattgr#arts will be directed to maximize the utilizat of
low protein diets. Supplementing low protein dieith growth promoters may an be alternative way to
improve broiler chicks performance and economiéfidiency. Low protein diets supplemented with the
requirements of essential amino acids (EAA) are@maoended for poultry reared in normal and heat
stress conditions. Not only because they are ecmabndiets but also they contribute in reducing
nitrogen pollution through reducing nitrogen eximetby the birds, although some investigators belie
they do not maintain the same performance as higteip diets (Edmondst al.,1985). Also, Colonago
et al. (1991) concluded that optimal performance of stahd grower periods could not be achieved with
low protein diets supplemented with crystalline monacids (AA). Broiler chicks fed on optimum lead|
CP showed significantly §9.05) higher live body weight (LBW) and live bodyight gain (LBWG)
value during the experimental periods, when compavéth sub-optimum level of CP, while,
supplementing low protein diets with growth prommstenproved total LBWG when compared with the
control diet (Abd El-Gawadt al, 2004).

Acidifiers have been used by the poultry industnydeveral years. In recent years, there has breen a
increase in the use of acidifiers as substitutegrofvth promoters due to the concern about the
consequences of feeding antibiotics to livestoclboth human and animal health (Martin and Williams,
2002). Various organic acids (OA) have been usequbirtry nutrition with inclusion rates between aer
and 2% (Moran, 2005). Their supplementation indiet of broilers enhanced nutrient utilization, wtb
and feed efficiency (Denét al., 2003). The poultry response to OA supplementadigpends on type and
level of the acids, composition of the diet, agel &ealth status of the animals (Jenséral, 2003).
Studies have suggested that the addition of OAiémites concentration of bacteria in the ceca ard sm
intestine (Voget al.,1981).

Citric acids (CA) is a commodity chemical, and mtran a million tonnes are produced every year
by fermentation. It is used mainly as an acidifi@s, a flavoring, and as a chelating agent. Browsh an
Southern (1985) reported that CA addition did niféct chick growth performance and intestinal pH.
Either no effects or negative effects on growthfgrenance of broiler chicks by supplementing CA and
fumaric acid were observed (Cantor, 2005).

Organic acids have been evaluated for their effiGadmproving performance in chicks (Rafagetz
al., 2005). The use of certain lactic acids (LA) baetexs probiotics has been proposed for many years.
These probiotics bacteria have been shown to ptexateric disease, as well as, improve the overall
health of poultry (Tellezt al., 2006). The pH of OA solutions are directly relatedmicrobial killing
because pH affects the concentration of undissatiacid formed (Ricke, 2003). It is believed that
undissociated forms of OA can easily penetratelifié¢ membrane layer of the bacterial cell, andenc
internalized into the neutral pH of the cell prdasm, they can dissociate into anions and protRitké,
2003). This dissociation inside the cell potenyiathuses problems for bacteria as the organism must
maintain a specific internal pH. Thus, OA sometinasise cell death through depletion of energy
through the ATP-driven proton pump. The end resait be impaired bacterial cell function and/ordysi
The potential targets of biocidal compounds sucl®Asinclude the cell wall, cytoplasmic membrane,
and specific metabolic functions in the cytoplasssagiated with replication, protein synthesis, and
function (Ricke, 2003). In another study, Russel ®iez (1998) observed a strong bactericidal efiéc
OA without significantly decreasing the pH valuetle Gl tract. However, Cantor (2005) have observed
that dietary addition of OA significantly lowerelet pH of the diets and the crop content but did not
change the pH of the gizzard and the small intestimproved mineral utilization may be accomplished
through the reduction of dietary pH, producing arieonment conducive to phytase activity (Boliag
al., 2001a). Alternatively, improved mineral utilizationay occur though the binding of calcium (Ca)
with CA, rendering it unavailable for chelation liphytate and thus increasing phytate solubilityhia
small intestine (Afsharmanesh and Pourreza, 2005).

Considering the above statements, the purposeeopttbsent work was to determine the effect of
using citric and lactic acids in broiler diets viagy in their protein content on growth performance,
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mortality rate, carcass parameters, bacterial ¢antastinal pH, blood serum parameters and ecocedmi
efficiency.

MATERIALS AND METHODS

The experimental work of the present study wasiedrout at EI-Azab Poultry Research Station,
Fayoum, Animal Production Research Institute, Agtioral Research Center, Ministry of Agriculture,
Dokki, Egypt during the period from January to keyy 2012. Chemical analyses were performed in the
laboratories of the Poultry Production Departmé&aigulty of Agriculture, Fayoum University according
to the procedures outlined by A.O.A.C. (1990).

Chickens were initially fed a control diet for terdays. A total number of 192 three-day old unsexed
broiler chicks (Cobb strain) were divided into digfeatments (24 birds each). Each treatment auedai
three replicates of eight birds, so that all grogwsl replicates had equal average body weights
(84.51+0.37g). The experimental (factorial 4x&atments were as follows:

1. Chicks were fed the control diet (C). 2. C - Z%. 3. C +2% CA. 4. C - 2% CP +2% CA.
5.C +2% LA. 6.C-2%CP +2% LA. 7. CHLA +1% LA. 8.C-2% CP +1% CA+1% LA.

The experimental diets were supplemented with ralsesind vitamins mixture DL-methionine and
L-Lysine HCI to cover the recommended requiremeammsording to the strain catalog recommendations
and were formulated to iso-caloric (Tablel).

Citric acid and LA used in this study were purclitatBem Sigma Chemical Co. (St. Louis, MO). De
Man, Rogosa, and Sharpe (MRS). Citric acid was lseghps monohydrate citric acid with 92% purity.

Chicks were individually weighed to the nearestngrat the start of experiment, wing-banded and
randomly allotted to the dietary treatments. Chiakse raised in electrically heated batteries wdilsed
wire mesh floors and had a free access to the daddresh water from nipple drinkers (2 nipples&ag
throughout the experiment. Light was provided f8h/2l. Room temperature on zero day was 33°C and
decreased approximately 3°C per week until 20°C ngashed, according to standard poultry rearing
practices. Batteries were placed into a room pexvidith continuous fans for ventilation. The chicks
were fed with broiler starter diets between foul 44 days, broiler grower diets between 15 and&5d
and broiler finisher diets between 26 and 38 dayshe same time, feed consumption was recorded and
feed conversion (FC,g feed/g gain) and live bodygihtegain (LBWG) were calculated. Crude protein
conversion (CPC), caloric conversion ratio (CCR)d agrowth rate (GR) were also calculated.
Performance index (PI) was calculated accordirthecequation described by North (1981) as folloRis:
= (LBW, Kg/FC) x100.

At the end of the finishing period (38 days of agddughter tests were performed using three chicks
around the average LBW of each treatment. The bwate on feed withdrawal overnight (approximately
12h), then individually weighed to the nearest gramd slaughtered by severing the jugular veirihét
method). After four minutes bleeding time, eactdbiras dipped in a water bath for two minutes, and
feathers were removed. After the removal of headlcasses were manually eviscerated to determine
some carcass traits, dressing% (eviscerated cawiissut head, neck and legs) and total giblets%
(gizzard empty, liver, heart and spleen). The ersted weight included the front part with wing aedr
part. The bone of front and rear were separatedivaighed to calculate meat percentage. The meat fro
each part was weighed and blended using a kitclesrdér.

At the time of slaughter test, three samples ainiecontent for each treatment were taken. Total
microflora, colibacillus and lactobacillus of ilewrontent were enumerated. The pH of intestinalamast
was directly determined by pH-meter. At the endhaf experimental period (38 days), individual blood
samples were taken from 3 birds of each treatmdrite blood samples were collected into dry clean
centrifuge tubes and centrifuged at 3000 rpm fom#futes. The clear serum samples were carefully
drawn and transferred to dry, clean, small glagiasp and stored at —-20n a deep freezer until the time
of chemical determinations. The biochemical chamstics of blood were determined colorimetrically,
using commercial kits.

The left tibia was removed (meat was removed fréwm bone and the cartilage was left intact)
and frozen for subsequent determination of boneitdefHallidayet al., 2010), bone breaking strength
and bone ash percentage. Bone breaking strengtlid&tasmined by using a HD 250 Texture Machine
(Texture Technologies Corporation, Scarsdale, Nt¥§d with a 3-point bend rig with a load cell cajia
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of 50 kg and a crosshead speed of 100 mm/min. Alsgéermination of bone breaking strength, fat was
removed from the tibias by a 36h Soxhlet extractioethyl alcohol then dried at 100 for 24h. Bone
ash percentage was determined by placing the bhanesnuffle furnace and ashing for 36h at 560
Ash weight was expressed as a percentage of ditéal weight. Accumulative mortality rate was
obtained by adding the number of dead birds dutiegexperiment divided by the total number of chick
at the beginning of the experimental period (notaiity of birds were recorded during the study pedyi

To determine the economical efficiency for meatdoaion, the amount of feed consumed during the
entire experimental period was obtained and migtipby the price of one Kg of each experimentat die
which was estimated based upon local current peatdise experimental time, total revenue (accortiing

the local market price at the experimental time)

Table (1): Composition and calculated analyses ofi¢ experimental diets.

Starter Grower Finisher
(4-14 days) (15-25 days) (26-38 days)

Item

Control Con.- Control Con.-  Control Con. -2% CP

(Con)) 2% CP (Con.) 2%CP (Con.) '
Yellow corn, ground 60.60 64.10 63.44 69.26 63.74 1.0@0
Soybean meal (44%) 30.10 30.10 28.45 24.46 28.01 .6521
Corn glutein meal 3.80 0.00 1.40 0.00 0.00 0.00
Calcium carbonate 1.07 0.98 0.97 1.00 0.93 0.93
Sodium chloride 0.30 0.30 0.30 0.30 0.30 0.30
Vit. and Min. premix 0.30 0.30 0.30 0.30 0.30 0.30
Monocalcium phosphate 2.02 2.10 1.95 1.99 1.80 1.86
Vegetable of 1.50 1.73 2.90 2.25 4.55 3.38
DL—Methionine 0.11 0.16 0.13 0.17 0.24 0.29
L-Lysine HCI 0.20 0.23 0.16 0.27 0.13 0.29
Total 100.0 100.0 100.0 100.0 100.0 100.0
Calculated analysfs
Crude protein (CP) 21.00 19.00 19.00 17.00 18.00 .0aL6
Ether extract 414 4.41 5.57 5.08 7.20 6.25
Crude fiber 3.49 3.52 3.41 3.24 3.36 3.08
Calcium (Ca) 1.03 1.00 0.96 0.96 0.90 0.90
Available phosphorus (AP) 0.50 0.51 0.48 0.48 0.45 0.45
Cal/AP ratio 2.06 1.95 1.99 2.01 1.99 1.99
Methionine 0.46 0.46 0.44 0.44 0.52 0.55
Methionine+Cystine 0.81 0.77 0.75 0.73 0.82 0.82
Lysine 1.20 1.20 1.10 1.10 1.05 1.05
ME, kCal./Kg 2088.9 2988.4 3083.3 3084.1 3182.8 3186.5
Cost (£.E./torf) 2139.0 20479 21122 20141 2191.6 2099.8

IEach 3.0 Kg of the Vit. and Min. premix manufactubgdigri-Vet Company, Egypt and contains: Vit. A)Q@00
IU; Vit. D3, 2000000 IU; Vit. E, 10 g; Vit. X 2.0 g; Vit. B1, 1.0 g; Vit. B2, 5 g; Vit. B6, 1g5 Vit. B12,10 mg;
choline chloride, 250 g; biotin, 50 mg; folic acitlg; nicotinic acid, 30 g; Ca pantothenate, 10 g; B0 g; Cu,10 g;
Fe, 30 g; Co, 100 mg; Se, 100 mg; I, 1 g; Mn, 60ng anti-oxidant, 10 g, and complete to 3.0 Kg bycicah
carbonate.

2 Mixture from 75% soybean oil and 25% sunflower oil.

3 According toNRC, 1994.

4 According to the local market price at the expenial time.

Statistical analysis of results was performed ush@ General Linear Models (GLM) procedure of
the SPSS software (SPSS, 1999), two way analysemr@nce model was applied according to the

follow general model: )= u+Ti+E+TE;+ej

Where:Yj: observed valueu: overall mean T type of addition effect (i: un-supplementeéy ZA,
2% LA and 1% CA + 1% LA). E level of CP effect (i: recommended and -2% TE): interaction of
type of addition effect by level of CP effecty.:erandom error.
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Treatment means showing significant differencesO(B5 and R0.01) were tested using Duncan's
multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Productive performance:

Effects of using citric and lactic acids in broildiets varying in their protein content on produeti
performance of Cobb broiler chicks are presente(lable 2). Neither type of addition nor interaatio
between types of addition with level of CP had amnificant effect on LBW, LBWG, FC, CPC, CCR,
GR and PI. Numerically, chicks fed single or conglnirsupplementation of CA and LA had higher LBW,
Pl and heavier LBWG during the overall period. @a dther hand, OA supplementation to broiler diets
improves LBW, LBWG, FC, CCR and PI during the oVWleperiod (the improvement in LBW and
LBWG may be due to the effect of OA on the utiliaatof minerals affecting growth) compared with
those fed un-supplemented diet, but differenceg wet significant (Table 2).

The aforementioned results are in agreement wiikettof Abdel-Fattabt al. (2008) and Sakeét al.
(2012) who found that the addition of dietary CAlgk improved LBW and FC of broiler chicks as
compared with those fed unsupplemented diets. &imiésults were found by other researchers
(Moghadanet al, 2006 and Nezhaet al, 2007). Also, several studies (Rafaetzal, 2005; Chowdhury
et al, 2009 and Ghazala#t al, 2011) support the statement that the additiol©Afto broiler diets
improved LBWG. Further more, Ghazalat al. (2011) found that dietary CA supplementation
significantly improved FC in chicks. However, nddifier effects on FC were detected (Daskiedral,
2004).

Likewise, inclusion of encapsulated LA significanimproved broiler performances in terms of
LBWG and FC (Natsiet al., 2010). The improvement in LBWG and FC due to LAghtisuggest that
LA might reach the small intestine, enable to lovimtestinal pH, increase nutrient utilization and
consequently improve broiler performances.

Concerning level of CP (Table 2), the results iathd that LBW, LBWG, GR and PI significantly
decrease with reduction of CP contents of thettiem those fed diets containing recommended level.

It can be seen that dietary CP level had a sigmifi¢==<0.05 and R0.01) effect on FC, CPC and
CCR during the period from 4 to 38 days of age.c&hifed diets containing recommended level of CP
had the best FC, CPC and CCR during the over athgstudied, while, feeding the sub-optimal CPRelev
diet resulted in the worst FC, CPC and CCR valuggd the same period (Table 2).

Similar results were previously observed by Abd3awadet al. (2004) and Waldroupt al. (2005)
who found that decreasing dietary CP resultedde@ease in LBWG, while, supplementation with EAA
partially improved the loss in LBWG (Waldrowp al, 2005). However, there was no significant effdct o
CA on FC of broilers fed a low CP diet (Abd El-Hakét al, 2009).

Concerning to the interaction between type of aofdiwith level of CP, chicks fed diets containing
recommended level of CP supplemented with 2% CAHighder LBW, Pl at 38 days of age and heavier
LBWG during the period from 4 to 38 days of agejl@hthose fed diets - 2% CP un-supplemented with
OA had lower LBW, Pl and LBWG during the same péyibut differences were not significant (Table 2).

Similarly, Sakiet al. (2012) revealed that supplementation of OA impdoperformance of broiler
chickens. Also, Abdel-Fattadt al. (2008) reported that the use of 1.5% commercial(@zetic, CA and
LA) similarly improved broiler performances, no ther improvements were observed when the dose of
OA was increased to 3.0%. But is in agreement wiliers that reported no deleterious effects of @A o
growth performance (Bolingt al.,2000, 2001b and Snost al.,2004).

Results indicated that feeding single or combingppkementation of CA and LA to broiler diets
containing optimal and sub-optimal CP level sigrafitly (<0.01) affected FI during the period from 4
to 38 days of age. It can be observed that chiettsifets supplemented with OA had lower FI durlmig t
period, while, those fed diets un-supplemented Withhad higher FI during the same period (Table 2).
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Table (2): Effect of adding citric and lactic acidsin broiler diets varying in their protein content on productive performance of Cobb broiler chicks duing the
period from 4-38 days of age.

Live body Crude Caloric

Live body . Feed Feed : ; Growth  Performance
Item ; weight . . protein conversion :
weight, g . intake, g  conversion . . rate index
gain, ¢ conversion ratio
Type of addition (T):
Un-supplemented 1979.46 1894.94 33073 1.77 0.32 5.22 0.93 65.97
2% citric acid (CA) 2004.63 1919.98 32188 1.70 0.32 5.16 0.93 70.16
2% lactic acid (LA) 2004.00 1919.69 32298 1.71 0.32 5.10 0.93 69.44
1% CA+1% LA 2000.73 1916.19 32023 1.69 0.31 5.07 0.93 69.58
+SEM! 32.90 32.88 3.30 0.03 0.01 0.09 0.01 2.00
Level of crude protein (L):
Recommended (R) 2064.96 1980.4 3236.63 1.68 0.3¢° 498 0.94 73.22
R -2% crude protein (CP) 1929%5 1845.¢ 3242.50 1.79 0.33 5.36 0.99 64.3%
+SEM 23.27 23.25 2.34 0.02 0.01 0.06 0.01 1.42
T x L (treatments):
Un-supplemented R 2050.00 1965.29 32673 1.68 0.30 4.89 0.94 71.13
R -2%CP 1908.92 1824.58 3347.3 1.86 0.34 5.55 0.93 60.81
206 citric acid R 2073.58 1988.96 32325 1.64 0.31 5.00 0.94 74.64
R -2%CP 1935.67 1851.00 3205.0 1.76 0.33 5.33 0.92 65.68
206 lactic acid R 2071.25 1986.92 324F.0 1.66 0.30 491 0.94 73.26
R -2%CP 1936.75 1852.46 32?.7 1.77 0.33 5.30 0.93 65.62
R 2065.00 1980.38 3199.7 1.64 0.30 4.85 0.94 73.86
1% CA+1% LA R -2%CP 1936.46 1852.00 3205.0 1.75 0.33 5.28 0.92 65.30
+SEM 46.53 46.50 4.67 0.04 0.01 0.13 0.01 2.83
1

a, ...b, and A,.. E, values in the same column witiensame item followed by different superscripéssignificantly different (at £0.05 for a to b; R0.01 for A to E).
Pooled SEM
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Negative effects regarding the decrease in Fl bysGpplementation were observed by Angiehl.
(2001) and Shellem and Angel (2002) who found @&tsupplementation depresses FI in broiler chicks,
which agreed with our findings.The results of thresent study did not confirm the findings of selera
studies who state that the addition of CA or LAbtwiler diets increased FI (Moghadaghal, 2006;
Chowdhuryet al, 2009 and Salket al, 2012). However, Nezhaat al. (2007) reported that there was no
significant effect on Fl in broiler chicks fed a G&pplemented diet.

Regarding CP level, it can be observed that dief&tyevel had insignificantly affected FI duringth
period from 4 to 38 days of age (Table 2). Simiksults were observed by Abd El-Gawetdal. (2004)
who found that level of CP did not affect FlI.

Concerning to the interaction between type of aalditvith level of CP (Table 2), Chicks fed diet
containing recommended level of CP supplementeld 1% CA + 1% LA had lower FI during the period
from 4 to 38 days of age, while, those fed dietsitaiming sub-optimal CP level without OA
supplementation had higher FI during the same deria conclusion, the experimental results
demonstrated that OA can be used safely in C-SBbkdaliets for Cobb broiler chicks without any
adverse effect on chicks LBW and LBWG.

These findings are in agreement with Atapattu aetligdswatta (2005) and Aet al. (2009) who
found that CA (1 and 2%) increased the digestibiit CP and CF of broilers. Recommended levels of
CP gave better CPC values of the broiler chicksciwhed different levels of crude protein (Abd El-
Gawadet al, 2004).

It can be concluded that CP can be reduced fronrabemmended level by 2% and supplement
these diets with OA (i.e., CA and LA) without affxy performance. In this respect,eBial. (2004); Abd
El-Gawadet al. (2004) and Abdallah (2005) reported that diets iovCP and supplemented with EAA
have improved growth rate. Recommended levels of@FR best Pl values of the broiler chicks, which
were fed different levels of CP.

Slaughter parameters% and intestinal microflora count:

Results presented in Table 3 show the effect afgusitric and lactic acids in broiler diets varyimg
their protein content on slaughter parameters %tatad microflora count, colibacillus and lactodhcs
of Cobb broiler chicks. Type of addition (Tablet&d significantly (R0.01) affected on total microflora
count, it can be concluded that OA supplementatmrbroiler diets decrease total microflora count
compared with those fed un-supplemented diet, winigignificant (R0.05) effects were observed in
slaughter parameters%, colibacillus and lactoheilGimilarly, Abdel-Fattabt al. (2008) and Salet al.
(2012) reported that OA had no significant effectcarcass yield at day 42.

Further more, Chowdhurgt al. (2009); Natsiret al. (2010) and Ghazaladt al. (2011) reported that
dietary CA or LA supplementation significantly rexd the pH values in the different Gl tract segmment
of the chicks or formulated diets. Dietary CA magcrkase intestinal pH and increase Ca availability
(Snowet al, 2004).

Moreover, Brown and Southern (1985) reported tlatitaon of CA and ascorbic acid did not affect
intestinal pH of young chicks. Also, Cantor (2008Jlicated that dietary addition of OA significantly
lowered the pH of the diets and the crop contemtdidi not change the pH of the gizzard and the lsmal
intestine.

These results disagree with the findings of Ghawelal. (2011) who found that relative weights of
lymphoid organs (spleen, bursa and thymus glandg significantly high by dietary CA supplementation
in chicks. Also, Atapattu and Nelligaswatta (20863 Chowdhurt al. (2009) indicated that dietary CA
supplementation had positive effects on carcadd piebroilers.

The results of the present study are confirm thelifigs of Gunalet al. (2006) who reported a
decrease in total bacteria and gram negative badtaind in the small intestine. The acids can enev
bacteria and fungal growth, because they penetratedisrupt the cell membrane and dissociate tlte ac
molecule, thereby acidifying cell contents. Orgaadads were used to conti@lcoli in poultry production
(Chaveeraclet al., 2002 and Herest al.,2003). A healthy population of these beneficiattbaa in the
digestive tract enhances the digestion and absorgt nutrients, detoxification, elimination proses
and helps boost the immune system @tlal, 2007 and Kongt al, 2010).

Other researchers disagreed with our results; Ghlazd al. (2011) established that dietary CA
supplementation increased Lactobacillus count arifbcms in caeca content of the chicks. In additio
inclusion of LA significantly affected the numbef bA bacteria, andE .coli in intestinal of broilers
(Natsiret al, 2010 and Salket al, 2012).
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Table (3): Effect of adding citric and lactic acidsin broiler diets varying in their protein content on some slaughter parameters% and intestinal micrdbra count of
Cobb broiler chicks during the period from 4-38 days of age.

Slaughter parameters% Intestinal microflora count
Live Carcass Total
Item body Total Breast Rear ; . Intestinal . Coliba- Lacto-
. . weight after Dressing Bursa Thymus microflora . .
weight giblets meat  meat : X cillus bacillus
B evisceration count
Type of addition (T):
Un-supplemented 2165.00 449 65.68 65.30 68.12 6172. 0.18 0.14 6.22 10.62 4.64 6.18
2% citric acid (CA) 220750 448 64.84 57.29 @8.7 73.18 0.15 0.16 6.24 1007 451 6.14
2% lactic acid (LA) 2108.75 4.85 67.68 59.56 67.18 72.04 0.19 0.15 6.17 995 4.48 6.12
1% CA+1% LA 211250 4.48 65.77 60.50 67.63 72.12 180. 0.14 6.24 9.69 4.41 6.25
+SEM' 94.77 0.30 2.04 5.09 0.72 0.59 0.03 0.03 0.04 0.05 0.14 0.05
Level of crude protein (L):
Recommended (R) 2173.75 454 64.63 59.84 68.07 172.6 0.17 0.14 6.28 9.68 4.50 6.17
R -2% crude protein (CP) 212313 461 6735 6149 7.76% 72.37 0.19 0.16 6.16 10.48 4.52 6.18
+SEM 67.01 0.21 1.44 3.60 0.51 0.42 0.02 0.02 0.03 0.04 0.10 0.04
T x L (treatments):
Un-supplemented R 2265.00 4.34 64.60 60.17 69.30 73.64 0.13 0.11 316. 10.29 4.46 6.16
R -2%CP 2065.00 4.64 66.75 70.43 66.95 71.59 0.23 .16 0 6.13 10.96 4.83 6.21
204 citric acid R 2180.00 451 64.62 60.35 68.54 73.06 0.16 0.18 326. 9.74 4.59 6.16
R -2%CP 2235.00 4.44 65.06 54.23 68.87 73.31 0.15 .14 0 6.17 10.41 4.43 6.13
20 lactic acid 2150.00 4.64 64.76 60.98 67.16 71.80 0.19 0.12 17 6. 9.47 4.51 6.14
R -2%CP 206750 5.07 7059 58.14 67.20 72.27 0.18 .19 0 6.17 10.42 4.45 6.11
1% CA+1% LA R 2100.00 4.67 6454 57.86 67.26 71.93 0.18 0.13 316. 9.25 4.44 6.21
R -2%CP 2125.00 4.29 67.01 63.14 68.01 72.30 0.18 .16 0 6.16 10.13 4.37 6.29
+SEM 134.03 0.43 2.88 7.20 1.02 0.84 0.04 0.04 0.05 0.08 0.19 0.07

a, ...b,and A,.. C, values in the same column witlérsame item followed by different superscriptssignificantly different (at £0.05 for a to b; R0.01 for A to C).
! Pooled SEM
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Level of CP significantly (B0.01) affected intestinal pH and total microfloraunt while,
insignificant (R0.05) effects were observed in other slaughter metrers%, colibacillus and
lactobacillus. Chicks fed diets containing recomdezhlevel of CP had higher intestinal pH (loweatot
microflora count), while, feeding the sub-optimaP @vel diet resulted in the lower intestinal pHe(t
reduction in buffering capacity in conjunction wittmproving digestibility coefficients of CP) value
(higher total microflora count). On the other hatitk results showed a significant increase in total
microflora count with decreasing CP level (Table)e results indicated no significant differendes
to interaction effect of dietary treatments on glater parameters% and intestinal microflora count.

Similar results were reported by Zamanal (2008) who concluded that lowering the dietary CP
with EAA supplementation resulted in breast mea&idyisimilar to those birds fed on control diet. It
seems that low CP slightly increased the dige#ilif amino acids required for carcass formation.

Abd El-Gawadet al. (2004), Kamraret al. (2004) and Nawaet al. (2006) found that there were no
significant differences in carcass characteristicabdominal fat weight due to either dietary pirotevel
or probiotic supplementation. But, & al. (2004) reported significant increase in abdomfatipad with
decrease in the dietary CP level. However, no fggmt effect of CA on carcass characteristics rgaa
weights were observed except for liver which wagidicantly high in broilers fed a low CP diet (Abd
El-Hakimet al, 2009).

Blood constituents:

Some blood constituents analyses are summarizédhte (4). The results indicated no significant
differences due to main and interaction effectiefaty treatments on blood constituents exceptadie
treatments significantly affected red blood celisit (RBCs) and mean corpuscular volume (MCV).
Chicks fed diet containing sub-optimal CP levelaupplemented with OA had higher RBCs value.

While, those fed diet containing sub-optimal CPelesupplemented with 2% LA had lower RBCs
value (higher MCV value). Chicks fed diet contagisub-optimal CP level supplemented with 2% CA
had lower MCV value (Table 4). Numerically, it che concluded that OA supplementation to broiler
diets increased plasma phosphorous (P) values gerhpsith those fed un-supplemented diets, but
differences were not significant (Table 4).

Similar results were previously observed by Ghdrat al. (2011) who found that blood serum
content of Ca and P were significantly increasedlibyary CA supplementation in chicks. Improving th
utilization of Ca and P due to provision CA was amed by Abdel-Fattah et al. (2008) who observed an
increase in blood Ca of broiler fed dietary CA.

While, Liemet al. (2008) noted that CA addition did not increasespia P levels. The present results
disagree with Abdel-Fattaét al (2008) and Ghazalaét al. (2011) who found that supplemental CA
increased significantly the relative weight of gplebursa and thymus. These results might inditete
broiler chicks fed the acidifiers supplemented sliead better immune response and disease resistance
However, there was no effect on bursa or spleeghwevhen fed broilers on CA at 0.2, 0.4, 0.6 ar8%®.
(EL-Afifi etal, 2001).

Chemical composition of broiler meat and tibia parameters:

Data presented in Table 5 showed that type of mdditsignificantly affected chemical composition
of broiler meat. Level of CP significantly affectpdotein, fat and ash of chicks meat. The highattf
(the lowest protein and ash%) were observed fazkshied diets containing sub-optimal CP level, whil
those fed diet containing recommended level of GH lower fat% (the highest protein and ash%).
However, insignificantly affected moisture and NFE%

These results disagree with the findings of Netal. (2000) who indicated that chicks fed low
protein diets supplemented with EAA had similaatatarcass protein contents as those fed a 24%rgiet
CP. However, Zamaat al (2008) reported that increases in dietary CPltex$un increased dry matter,
CP and fat contents of carcass.
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Table (4): Effect of adding citric and lactic acidsin broiler diets varying in their protein content on some blood parameters of Cobb broiler chicks dumg the period
from 4-38 days of age.

Item

Type of addition (T):
Un-supplemented

2% citric acid (CA)

2% lactic acid (LA)

1% CA+1% LA

+SEM'

Level of crude protein (L):
Recommended (R)

R -2% crude protein (CP)
+SEM

T x L (treatments):

Un-supplemented

R -2%CP
R

R -2%CP
R

R -2%CP
R

R -2%CP

2% citric acid

2% lactic acid

1% CA+1% LA
+*SEM

Hemoglobin

(g/dL)

11.13
10.43
10.18

10.30
0.31

10.65
10.36
0.22

11.10

11.15
10.70
10.15
10.25
10.10
10.55
10.05
0.43

RBC!
(10°%/mn)

3.32
3.13
2.88

2.92
0.10

3.15
2.97
0.07

3.28

3.36
3.18
3.70
3.30
2.46
2.8%
2.98
0.15

Hematocrit MCV?,

%

42.25
39.00
38.75

38.25
1.32

40.63
38.50
0.93

41.50

43.00
41.00
37.00
40.50
37.00
39.50
37.00

1.86

Blood index 5
3 . WBC
\ MCH?, MC(:)HC 1P/t
M HHg %o
128.83 33.78 326.0 16.05
130.00 34.4324.38 13.49
142.25 36.6326.08 11.99
133.75 33.95 2498 393.
3.98 2.16 1.13 1.26
13490 35.00 25.833.62
132.51 .384 24.90 13.84
2.81 1.53 0.80 0.89
126.2% 33.75  26.75 16.55
131.4d 33.80 25.30 15.55
140.00 36.85  25.00 13.98
120.00 32.00 23.75 13.00
133.75 32.20 24.90 10.81
150.7% 41.05  27.25 13.17
139.60 37.20  26.65 13.12
12799 30.70  23.30 13.65
5.63 3.06 1.60 1.79

Plate

Differential count%

Neutro- Lympho- Mono- Eosino- Phoi/phorus
count phils cyte cytes  phils 0
41.50 30.00 64.50 4.75 2.25 3.15
39.50 26.50 68.75 3.75 2.50 3.43
39.25 24.25 67.75 4.00 2.50 3.55
40.75 29.25 62.75 3.50 2.75 3.80
4.90 4.53 3.630.31 0.43 0.18
41.38 27.63 66.38 4.00 2.75 3.58
39.13 27.38 65.50 4.00 2.25 3.39
3.46 320 562 022 0.31 0.13
4450 29.00 63.50 5.00 2.50 3.30
38.50 31.00 65.50 4.50 2.00 3.00
40.50 29.50 70.00 4.00 2.50 3.65
38.50 23.50 67.50 3.50 2.50 3.20
3450 21.00 69.50 3.50 3.00 3.30
44.00 27.50 66.00 4.50 2.00 3.80
46.00 31.00 62.50 3.50 3.00 4.05
35,50 27.50 63.00 3.50 2.50 3.55
6.92 6.40 .135 0.43 0.61 0.26

1Red blood cell§ Mean corpuscular volunieMean corpuscular hemoglobfiviean corpuscular hemoglobin concentratfowhite blood cells

a, ...b values in the same column within the samefidlowed by different superscripts are signifitaaifferent (at ”0.05 for a to b).

1 pooled SEM.
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Table (5): Effect of adding citric and lactic acidsin broiler diets varying in their protein content on chemical composition of broiler meat % (on dry natter basis)
and tibia parameters of Cobb broiler chicks duringthe period from 4-38 days of age.

Chemical composition of broiler meat% Tibia parameters
Item Moisture  Protein Fat Ash NFE Density strength Ash% Calcium% Phosphorous%
(glcnt) (kg)
Type of addition (T):
Un-supplemented 7.16 60.93  28.42 3.12 0.37 1.04 0931. 43.88 24.37 11.5F
2% citric acid (CA) 5.94 62.29 28.34 3.06 0.37 04l. 31.44 44.30 26.33 13.4%
2% lactic acid (LA) 6.01 62.28  28.18 3.14 0.41 61.0 31.81 43.91 25.33 12.6F
1% CA+ 1% LA 5.70 62.80  28.20 3.01 0.31 1.06 31.99 43.76 26.26 13.33®
+SEM! 0.53 1.18 1.62 0.20 0.04 0.02 0.39 0.14 0.31 0.24
Level of crude protein (L):
Recommended (R) 6.41 6337 26.26  3.56' 0.40 1.14% 32.01 44.44 26.00 13.0%
R -2% crude protein (CP) 6.00 60°78 30.3%  2.6C° 0.33 0.98 31.15 43.52 25.14 12.4P
+SEM 0.37 0.83 1.15 0.14 0.03 0.01 0.28 0.10 0.22 170
T x L (treatments):
Un-supplemented R 7.25 62.15  26.68 3.54 0.39 1.08 31.20 44.30 24.77 11.55
R -2%CP 7.07 59.71  30.17 2.70 0.36 1.00 30.98 43.36 23.97 11.47
2% CA R 6.08 63.48  26.44 3.60 0.40 1.10 31.78 44.92 26.89 13.87
R -2%CP 5.80 61.11  30.23 2.52 0.35 0.98 31.10 43.68 25.78 13.03
296 LA R 6.19 63.69  26.00 3.64 0.48 1.12 32.11 44.21 25.99 13.03
R -2%CP 5.82 60.86  30.35 2.63 0.34 0.99 31.51 43.62 24.66 12.19
R 6.11 64.17  25.91 3.47 0.35 1.14 32.96 44.19 26.37 13.70
1% CA+1% LA R -2%CP 5.29 61.43  30.49 2.54 0.27 0.98 31.02 43.33 26.16 12.97
+SEM 0.75 1.67 2.29 0.29 0.06 0.02 0.55 0.20 0.44 340
Carcass part:
Breast 6.77 64.84 2438 356 < e —
Rear 5.63 59.3¢ 32.19 260 028 e e e
+SEM 0.34 0.44 0.56 0.13 002 W e e e — eeee

a, ...b, and A,.. C, values in the same column witiérsame item followed by different superscripéssignificantly different (at £0.05 for a to b; R0.01 for Ato C). ! Pooled SEM
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Table (6): Effect of adding citric and lactic acidsin broiler diets varying in their protein content on economical efficiency (EEf) of Cobb broiler chiks during the
period from 4-38 days of age.

Type of addition Un-supplemented 2% CA 2% LA 1% QAG-LA
Level of crude protein (L): R* R -2%CP R R -2%CP R R -2%CP R R -2%CP
& 0.4340 0.4580 0.4673 0.4517 0.4600 0.4527 0.4467 4690.
b, 213.90 204.79 217.70 208.59 221.90 212.79 219.80 0.621
a X b=¢; 92.83 93.79 101.74 94.21 102.07 96.32 98.18 98.81
& 0.8773 0.9537 0.8810 0.9053 0.8777 0.9180 0.8690 9050.
b, 211.22 201.41 215.02 205.21 219.22 209.41 217.12 7.320
& X b=c, 185.31 192.08 189.43 185.78 192.40 192.24 188.68 87.62
& 1.9560 1.9357 1.8842 1.8480 1.9093 1.8420 1.8840 8310.
bs 219.16 209.98 222.96 213.78 227.16 217.98 225.06 5.881
a X bs=c; 428.68 406.46 420.10 395.07 433.72 401.52 424.01 95.28
(C1+Cr+C3)=Ciotal 706.82 692.33 711.27 675.06 728.19 690.08 710.87 81.76
d 1.9653 1.8246 1.9890 1.8510 1.9869 1.8525 1.9804 8520.
e 1300.0 1300.0 1300.0 1300.0 1300.0 1300.0 1300.0 00.03
d x e=f 2554.9 2372.0 2585.6 2406.3 2583.0 2408.2 25745 07.84
f- Ciota =0 1848.1 1679.6 1874.4 1731.2 1854.8 1718.1 B363. 1725.9
Economical efficiency( 9lg) 2.6146 2.4260 2.6352 2.5646 2.5471 2.4897 2.6216 2.5317
Relative efficiency(r) 100.00 2.99 100.79 98.09 97.42 95.22 100.27 96.83

A @and & .....oooviiiieii average feed intake (Kg/bird) duringehieds of starter, grower and finisher, respeeiyv

by band by .............. price / Kg feed (P.T.) during the perddtarter, grower and finisher, respectivelyged on

average local market price of diets durihg experimental time).
CLCaANAd G ocevviieeiiiiiiiiiieeias feed cost (P.T.) during the periostaidér, grower and finisher, respectively.

Total feed cost (P.T.) Sk = (C1+Co+C3)

Average LBWG (Kg/ bird) d

Price / Kg live weight (P.T.) €...coiviviiiiiiiiiiiiin s (according to the local markee jattithe experimental time).

Total revenue (P.T.)=d x e= f

Net revenue (P.T.) = f 16 =0

Economical efficiency = (g fof) ««vvvevevreemneerinreeininnnns (net revenue per unit feed cost).

Relative efficiency Fieiieirs e - <2 (@SSUMING that economical efficiency of tmérol group (1) equals 100).
* Recommended
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Carcass part significantly influenced<@®01 and R0.05) chemical composition of broiler meat. The
results showed that rear part had higher fat tharbteast part (32.19 vs 24.38%). However, breast p
had higher moisture, protein, ash and NFE% (coresgttyulower fat%) than rear part (Table 5). The
inverse relationship found between percentage om@istnd fat values obtained in the present studly is
agreement with that reported by Marks (1993); Rg@&01) and Emam (2010) in chemical composition
of Japanese quail meat and broiler chicks. Theltsesndicated no significant differences due to
interaction effect of dietary treatments on chemnicenposition of broiler meat (Table 5). Data peed
in Table 5 show that type of addition insignifidgraffects density, strength and ash of chicksatikihile
significantly affected Ca and P%.

It can be concluded that OA supplementation toléradiets increase Ca and P% compared with
those fed un-supplemented diet. On the other helridks fed single supplementation of CA had higher
Ca and P% (the increase in tibia ash resulting f@nsupplementation indicate that the CA markedly
improved phytate P utilization in broiler chicks).

Similar to the present results, inclusion of CA mwes mineral utilization (Snowt al., 2004 and
Rafaczet al., 2005). Further more, Lierat al. (2008) reported that the addition of CA increasieel
percentage of tibia ash, similar results were reggbby Nezhadet al. (2007) and Chowdhuret al.
(2009). The results of the present study did noifiom the findings of Sifriet al (1977) who reported
that CA did not have any effect on Ca metabolisrohitks.

Level of CP significantly affected tibia parametesscept, tibia strength which was insignificantly
affected. The highest density, ash, Ca and P valees observed for chicks fed diets containingrogti
CP level, while, those fed diet containing sub-mati level of CP had lower values. The results iatd
no significant differences due to interaction efffecdietary treatments on tibia parameters (T&ble

Economical efficiency (EEf):

Results in Table (6) show that EEf value duringpgkeod from 4 to 38 days of age was improved of
chicks fed diet containing recommended level of STipplemented with 2% CA (2.635 and 100.79%,
respectively) and chicks fed diet containing recanded level of CP supplemented with 1% CA +1%
LA (2.622 and 100.27%), respectively as compareti thiose fed the control diet and other treatments.
Whereas, chicks fediet containing sub-optimal level of Qih-supplemented with OA had the lowest
corresponding value, being 2.426 and 92.79%, réispbc The relative efficiency varied between
92.79% to 100.79%, which is of minor importancetigke to other factors of production.

The results of this study are in agreement witls¢hof Abd-Elsamee (2002) and Abd El-Gavedd
al. (2004) who found that broiler chicks fed diets taoming either optimum level of CP or adding
probiotics, EEf values were increased.

The results of the present study indicated thatbCbloiler chicks fed low protein diets
supplemented with OA maintain the same performamzkeconomical efficiency as that obtained from
chicks fed diets containing recommended level of OF the other hand, it can be concluded that GP ca
be reduced from the recommended level by 2% angleoent these diets with OA (i.e., CA and LA)
without affecting performance. Besides, using siiets reduces feed cost and nitrogen pollution.
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