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Introduction: Organic acids are one of the alternatives to antibiotic growth promoters. They have beneficial
effects on poultry performance and gastrointestinal microbial balance. In general, the addition of organic acids to
the diet lowers the pH of the diet and gastrointestinal tract, stimulates growth, helps to overcome the population
of beneficial bacteria over pathogenic bacteria, and reduces toxic metabolites produced by harmful bacteria. The
purpose of this study was to determine the antibacterial effects of encapsulated versus non-encapsulated organic
acids (OA) supplementation in drinking water on intestinal microbiota and broilers' growth performance.
Materials and methods: A total of 360-day-old Ross 308 male broiler chicks were divided into six treatments,
four replicates, and 15 chicks per replicate in a completely randomized design. The experimental treatments
included: a negative control (without organic acids; OA, in drinking water), a positive control (200 mL of a
commercial OA, acidifier 4+ in 1000 L drinking water), 500 and 1000 mL non-encapsulated blend of OA, and
500 and 1000 g encapsulated blend of OA in 1000 L drinking water. The blend of OA was composed of butyric,
propionic, and acetic acids. Body weight and feed intake were measured weekly on a pen basis. From these data,
average daily gain (ADG), average daily feed intake (ADFI), average daily water intake (ADWI) and feed
conversion ratio (FCR) were calculated over the total rearing period. The European production efficiency factor
(EPEF) was also calculated for the entire period of the trial. On day 42, gastrointestinal samples were collected
from a total of 48 sacrificed birds (n = 12 birds from each experimental group) for pH and microflora analysis.
Digesta from different sections of the gastrointestinal tract was collected and pH was measured using a digital pH
meter. Total coliforms, lactobacilli, and Escherichia coli were counted in ileal digesta using a plate method with
the use of a specific medium.

Results and discussion: Broilers with an encapsulated blend of OA in drinking water had higher (P<0.05) body
weight, ADG, and EPEF, and lower (P<0.05) FCR than the negative control. Broilers in the PC group and those
with OA in their drinking water exhibited greater final BW, ADG, and FCR than those in the NC group (P<0.05)
throughout the rearing period (0to 21 d, 22 to 42 d, and 0 to 42 d). Organic acids can improve broilers' performance
by inhibiting the growth of pathogenic bacteria in the intestine. In the current study, administration of encapsulated
OA in the drinking water of broilers resulted in lower (P<0.05) pH in jejunum when compared to the negative
control. Dietary organic acids reduced the pH of different sections of the gastrointestinal tract of broilers compared
to those fed the control diet. The administration of 500 g encapsulated or 1000 mL non-encapsulated blend of OA
in the current study resulted in a lower count of E. coli compared with the negative control (P<0.05). The count
of E. coli was linearly decreased (P<0.05) in the ileum of broilers with graded levels of the non-encapsulated
blend of OA. It seems that the gizzard and stomach of birds drink acidified water were more acidic and might
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decrease the bacteria that were present in the gastrointestinal tract, especially in the lower gastrointestinal tract.
Organic acids provide acidic pH in the gut, which increases beneficial bacteria, and decreases harmful bacteria of
broilers.

Conclusions: Growth performance and the European production efficiency factor were generally greater with
encapsulated OA compared with non-encapsulated one. Results of the current study showed that administration
of 500 mg encapsulated blend of OA was sufficient for achieving the desired results.
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Table 1. Ingredients and nutrient composition of basal diets at starter (0-10 d), grower (11-24 d) and finisher
(25-42 d) periods

Ingredients (%) Starter Grower Finisher Calculated analysis Starter Grower Finisher
(0-10d) (11-24d) (25-424d) (0-10d) (11-24d) (25-424d)

Corn grain 52.145 54611  59.406 Metabolizable energy 2850 2950 3050

(kcal/kg)

Soybean meal 39.800 38.211 32.947 Crude protein (%) 22.17 20.46 18.59

Soybean oil 1.621 3.187 3.908 Methionine (%) 0.61 0.56 0.51

Corn gluten meal 1.963 0.00 0.00 Methionine + Cysteine (%) 0.90 0.83 0.76

Calcium carbonate 0.986 0.901 0.837 Lysine (%) 1.22 1.09 0.98

Dicalcium 1980 1756 1.576 Threonine (%) 0.82 0.73 0.66

phosphate

Common salt 0.235 0.267 0.217 Valine (%) 0.91 0.85 0.77

Sodium bicarbonate 0.147 0.110 0.188 Arginine (%) 1.33 1.27 1.14

L-Threonine 99% 0.106 0.066 0.055 Isolosine (%) 0.83 0.78 0.70

9DgL0/'Meth1°m“e 0311 0.282 0.256 Linoleic acid (%) 2.13 2.98 3.43

0

L-Lysine HC1 78% 0.205 0.108 0.110 Sodium (%) 0.15 0.15 0.15

Vitamin premix’ 0.250 0.250 0.250 Calcium (%) 0.96 0.87 0.79

Mineral premix’ 0.250 0.250 0.250 Available phosphorus (%) 0.48 0.44 0.40

1. Vitamin premix provided the following per kilogram of diet: vitamin (trans-retinyl acetate), 10000IU; vitamin D3
(cholecalciferol), 2000 IU; vitamin E (DL-alpha-tocopherol acetate), 45 IU; vitamin K3 (bisulfate menadionecomplex), 3 mg;
thiamine (thiaminemononitrate), 3 mg; riboflavin, 9 mg; nicotinic acid, 30 mg; pantothenic acid (D-calcium pantothenate), 10
mg; vitamin Be, 4 mg; d-biotin, 0.1 mg; folic acid, 2 mg; vitamin B12 (cyanocobalamin), 0.02 mg and choline (choline chloride),
500 mg.

2. Mineral premix provided the following per kilogram of diet: iron (FeSO4¢7H20), 55 mg; iodine (Ca (103)2), 1.3 mg;
manganese (MnSO4¢H20), 100 mg; zinc (ZnO), 85 mg; copper (CuSO4+5H20), 13 mg; selenium (Na2SeOs), 0.2 mg.
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Table 2. Effect of administrating different levels of the encapsulated and non-encapsulated blends of organic
acids in drinking water on the performance of broilers at 42 days of age

Bqdy A'Verag'e Daily Feed  Daily water Feed. Eurqpean

Treatments weight daily gain intake (g) intake (mL) conversion efficiency
(2) (2) ratio factor

0 mL (NC") 2751b¢ 64.5b 112 215 1.74 355°
200 mL Acidifier 4+ (PC?) 2721%¢ 63.8 107 203 1.68 375%®
500 mL non-encapsulated OA? 2655¢ 62.2° 111 202 1.79 345
1000 mL non-encapsulated OA 2693b° 63.1%¢ 113 200 1.79 3500
500 g encapsulated OA 3084* 72.4* 122 238 1.69 426°
1000 g encapsulated OA 3018 70.8% 114 224 1.61 4352
SEM 51.1 1.2 1.7 4.4 0.023 11.1
Effect P-value
Treatments 0.034 0.035 0.199 0.060 0.142 0.032
Non-encapsulated: Encapsulated 0.003 0.004 0.186 0.009 0.026 0.002
Non-encapsulated: Control 0.460 0.464 0.864 0.061 0.392 0.710
Encapsulated: Control 0.037 0.037 0.371 0.274 0.204 0.018
Linear non-encapsulated 0.498 0.503 0.936 0.058 0.391 0.737
Linear encapsulated 0.044 0.044 0.444 0.324 0.167 0.018

INC: Negative control, 2PC: Positive control, * OA: Organic acids

a¢ Means within the same column with different superscripts differ significantly (P<0.05).



ey 8,Shos p SowelsT O o eads o jiig JT sloosl 5l (oS5 09381 1) San § SB0g,aal8 loin, alae Yy

oo L (S5, FY (o 5o gy g 5 o
b logide JT ol o5 00r a5 slaasg> o a5
Sl g by g T slesnl e Ve
Cns (ALl 6 251 Lo c5d s 28l 0 Soelis]
GrSL Ll (P<+[-0) cél ualS aie dald jlog o
by 09 I Slaal b Gl b AT !
=B Sh el (P< D) cuils oS s jsbay
b Sygon s e el o GRIEIL 209
Sl e iig JT slaasl b g (P<+/+0) _als
Sl (sl Lo CaliSee zobas 04380 .8l (P=+/+ 1Y)
Oeley s @ oas Jlo g JT slaawwl (P> 0)
tws C g ol o cums I sloo! aiual
Ule8 ows pH Lol asecs 10 9 Wl oo i)leS

(Shariatmadari and Mohiti-Asli, 2008)
I8 o 3l eolinul a5 ap )5 (28,5 O a0 ol g
amw STiez j0 oad o by SaSY sl asjo
Coed Wgallo 5 (I Ly 3/ (6 73S Cupmozr 205
oSl Conex o GHl s b ol e 4
Sl ool (Natsir ez al., 2010) il oglowlaSyY

"M)bcsa‘.“"f’)fdb&):sbﬁ‘) &YGJ"'SLE)S‘Q.{ i

aS a8 sladlas yo (Natsir ef al., 2010) ol
pogel Sley®) JT awl sz 5l byl i oolal
PH (Sigezsnn sl 5 Sionsd sl cpgaisol Sligeas
ol cde by zals 1) oS sladxg> poll Olgime
@ s JI laoul oS 5 5l solital a5 el oyl
O shgsen BT cde @ o & jge 4 sl 5l oolanl
oSws pH alizes sloawl pKa 45 4 Sl slaas!
Denlietal.,) ains oo idlS (6 yiion e a3 1) (5l65
eSS ool aS al b)IiT Shedss o (2003
el o zshw )0 Ko 5 Sidsngn sl
Al pgngs pH ials cow oz 10 asy0 VD )
Sl ool 51 oS5 0938l (Ghahri er al., 2008)
pH MUM oy A C_ld.w)b u_i..c)ﬂj &».39».)9).’
Ghazalah ef al.,) o S>o5 00g, calize sl izu
Al 0o 0 ¥ 5 VIO zohaw 0938 (glaslllas 4o (2011
(g5 Sz gz 0 a4 SISV g Sl (S e
9 P55 e (laSw o isy o pH ialS o
- oxe gl cpl Al a8 ad seld jlens 4y Cand posly]
mls o BOs1 (Abdel-Fattah er al., 2008) sg5 ,lo
Florou-Paneri et al., ) ol oads oolaiuwl gladwl lade

2001
mazgx porhl Gla S (B Cenex 4 by @l
Sloal bglss calizes molaw boad 4085 2565 sl

Q“’)‘; Ko pH » ‘;MLMJ u] L) Wy D9 9 )lowy ‘;" L;L:bd.w‘ .‘oel?m b C?‘ld'*’ u°3)9| f‘ -y Je»

39 TV o 3 (355 slaazgx
Table 3. Effect of administrating different levels of the encapsulated and non-encapsulated blend of organic
acids in drinking water on pH of the gastrointestinal tract of broilers at 42 days of age

Treatments Crop Proventriculus ~ Gizzard Duodenum Jejunum Ileum Ceca
0 mL (NC") 4.74% 5.342 3.18 5.85 5.842 584  6.11

200 mL Acidifier 4+ (PC?) 4.69% 4.39° 3.46 5.78 5.66% 566 579

500 mL non-encapsulated OA3 5.142 4.43b 3.45 5.88 549 646 544
1000 mL non-encapsulated OA 4.48% 4.15> 3.50 5.79 559  6.14 581

500 g encapsulated OA 4.55% 4.21° 3.29 5.76 5.51%® 598 596
1000 g encapsulated OA 431° 3.91° 3.04 5.66 5.24° 638 598

SEM 0.066 0.090 0.058 0.026 0.050  0.110 0.045
Effect P-value

Treatments 0.020 0.001 0.123 0.235 0.012  0.602 0.628
Non-encapsulated: Encapsulated 0.017 0.172 0.025 0.094 0.228 0.235  0.667
Non-encapsulated: Control 0.798 0.001 0.057 0.791 0.026 0.131  0.935
Encapsulated: Control 0.230 0.001 0.937 0.142 0.004  0.622 0.759
Linear non-encapsulated 0.654 0.001 0.055 0.668 0.037 0.184 0918
Linear encapsulated 0.198 0.001 0.815 0.117 0.002 0.627  0.699

I'NC: Negative control, 2 PC: Positive control, * OA: Organic acids

b Means within the same column with different superscripts differ significantly (P<0.05).
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Table 4. Effect of administrating different levels of theencapsulated and non-encapsulated blend of organic
acids in drinking water on ileal bacterial populations (logio CFU/g) of broilers at 42 days of age

Treatments Lactobacillus Coliforms E. coli
(CFU/g 10%) (CFU/g 10% (10*CFU/g)

0 mL (NC!) 2.40 2.62 2.492
200 mL Acidifier 4+ (PC?) 2.17 2.51 2.35®
500 mL non-encapsulated OA3 2.27 2.43 2.36%
1000 mL non-encapsulated OA 2.14 1.96 2.10°
500 g encapsulated OA 231 1.95 2.04°
1000 g encapsulated OA 221 2.23 2.28P
SEM 0.041 0.084 0.050
Effect P-value

Treatments 0.530 0.070 0.049
Non-encapsulated: Encapsulated 0.584 0.660 0.522
Non-encapsulated: Control 0.099 0.084 0.071
Encapsulated: Control 0.320 0.070 0.079
Linear non-encapsulated 0.072 0.043 0.035
Linear encapsulated 0.289 0.092 0.110

I'NC: Negative control, 2 PC: Positive control, * OA: Organic acids

b Means within the same column with different superscripts differ significantly (P<0.05).
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