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SUMMARY

citric. lactic, and propionic acid with the 3 different levels. 0.3%. 1.0% and 1.5% on the performance

of brotler chicks. As well, the effect on some strains of intestinal bacteria, intestinal histomorphology,

and serum biochemistry of were studied. Three hundred day-old Raoss broiler chicks were divided into
ten treated groups which were fed on control and nine organic acids — supplemented diets as 3 organic acids
tvpes by 3 fevels for each acids. The chicks were placed in floor pens and fed on two basal dicts as starier {22%
protein, 3000 k Cal/kg) and grower (20% protein, 3000 k Cal/kg). Body weight gains of broiler chicks improved
clearlv due to inclusion different tvpes of organic acids, especially at 1.5% propionic acid. Feed consumption
values of ¢hicks fed dietary organic acids were higher than control cither cumulatively (0-6 weeks of age) or at
different intervals (0-3, 3-6 weeks of age). Cumulative feed conversion ratios were improved with inclusion
organic acids into broiler dicts. the best improvement was recorded for the chicks fed 0.5% lactic acid or 1.53%
propionic acid. however the differences lacked significance. The microbiological examination at the hoth stages
ol growth (3 .6 weeks of age) indicated that, bacterial total count per gram of ileal content significantly reduced
by feeding different organic acids supplemented diets.. Total count of £ coli bacteria and Salmonella was
inhibited significantly by including organic acids into broiler diets: propionic acid has the most effect on
salmonella count. Lactobacilli bacteria increased significantly due to inclusion organic acids into broiler diets,
this increment was huge and more pronounced at the second stage of growth. pH values of starter and finisher
diets seemed to decline gradually as dietary concentration of organic acids increased. Also the pH values of ileal
content were lowered as a result of organic acids supplementation. The mean values of serum chofesterol.
triglycerides and total lipids did not differ due to organic acids supplementation. Both of serum total protein and
globulins increused significantly, however serum albumin was not affected by treatments. Both of bursa and
spleen weights increased significantly due to feeding organic acids supplemented diets.

r l Nhe current study aimed to evaluate the effect of dietary suppiementation of 3 types of organic acids as

Kaywords: broiler chicks; performance; serum components; microbiological examinativn; organic
acids.

INTRODUCTION

The Efficiency of organic acids feed additives to modify the bacterial pattern of small intestine of
poultry has been established two decades ago (Sheikh er af 2010, Miijdat er of 1999, El Afifi ef af 2001).
The antimicrobial activity of organic acids is pH dependent Galib and Ageel (2009) due to its ability to
pass through the cell membranes of bacteria, producing H' ions which lower the pH of bacterial cell, and
reducing their growth of bacterial strains Nemcova (1997). Organic acids have an inhibitory effect against
acid-intolerant species such as £ cofi, Salmonella and Campylobacter. IHowever, lactic acid beneficial
bacteria are more resistant to organic acids and able to grow at relatively fow pH, Paul er of. (2007).
Several investigators have been proved that, organic acids supplementation into broiter diets improve
their performance characteristics. EI Afifi er af {2001) observed an improvement in broiler performance
due to adding citric acids into diets. Similar results were reported by lzat e al. (19%90) for propionic
organic acid supplementation. (Vogt ef «l, 1981 and Paiten and Woldroup 1988) reported an
improvement in body weight gain and efficiency of feed utilization of broiler chicks duc to adding each of
propionic, or lactic organic acids into their diets. The mode of action of organic acids in improving
broiler performance is related mainly due 1o its inhibitory effect against harmful intestinal bacteria (Galib
and. Aqgeel, 2009). It addition to increase the activity of protease enzymes and enhance protein utilization
Giesting ef af. (1991). Increcase mineral absorption especially calcium (El Afifi and El Alaily, 2001}
Incicased intestinal villi length and keep the mucosal health (Sheikh ef «f. 2010). Several types of organic
acids have been introduced into the middle cast market either as a sole acid or a blend of two or more
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organic acids as a growth promoter feed additives for poultry. However the comparative e:ficacy of these
organic acids with different additive levels is still unclear. Therefore , the current study aimed to evaluate
the effect of dietary supplementation of 3 types of organic acids as citric, lactic and propionic acid on the
performance, intestinal bacterta, intestinal histomorphology, and serum biochemistry of the broiler
chickens. as well the proper supplementation ratio will be studied.

MATERIALS AND METHODS

This study was carried out at experimental poultry farm of animal production department, Faculty of
Agriculture science and Nutrition King Faisal University.

The study was conducted to investigate the comparative efficacy of three different organic acids at
different three levels. For this purpose three types of organic acids were used as citric acid, lactic acid and
propionic acid. Each organic acids were added at the levels of 0.5%, 1.0%, 1.5%, of the experimental
starter or grower diets. The experiment includes ten treatments as control group and nine treated groups
for 3types of organic acids with 3 levels cach (3 organic avids x 3 levels of each acid).

Birds and their Managemeni:

Three hundred day-old Ross broiler chicks were used in this experiment. The birds were allocated
randomly into ten groups of 30 birds which were divided into three replicates of 10 birds each. Basal diets
were formulated (Table 1} to meet the nutrients requirements of broiler chicks during the starter (0-21
day) and grower (22-42 day) periods according to NRC (1994). Water and mash feed were provided ad
Iib. The chicks were placed in floor pens with wood-shavings litter. Electrical heaters were used for
warniing, Fan and air conditions were used for keeping suitable temperature. Artificial lighting was
provided constantly. Body weights were recorded weekly for each chick and the average was calculated
for each replicate and treatment group. Feed consumption values were recorded weekly in gram, and feed
conversion ratio was calculated as gram feed /gram gain.

Table (1): Composition and calculated analysis of experimental basal diets.

Ingredients Starter (0-3 wks) Grower (3-6wks)
Yellow cormn 55.8 59.82
Soybean meal (44%) 34.32 33.96
Corn gluten 3.33 -
Vegetable oil 2.79 2.79
Dicaicium phosphate 1.94 1.67
Limestone 1.14 1.14
Common salt 0.25 0.25
Vit. & min. premix* 0.25 0.25
DL. Methionine 0.18 0.12
Total 100 100
Calculated compuosition

Crude protein%s 22.00 20.00
M.E. Kcal/kg 3000 3000
% Calcium 0.97 0.91
%Available phosphorus 0.50 0.45
%Methionine + cystein 0.91 0.78
%Lysine 1.10 1.10

*Composition of vitamin and mireral premix. Each 2.5 kg of vitamin and mineral mixture contains: 12000000 1U
vitamin A; 2000000 1 D3; 10g E: 1g K1 g B ; 5g B2; 1500mg B6 ; 10mg B2 ;10g Pantothenic acid ; 20g
Nicotinic acid : 1g Folic acid : 50mg Biotin : 500 g choline chioride :4 g copper : 300 mg iodine : 30 iron . 60 g
Manganese: 30g Zine: and 100myg sclenium

Staughtered traits and samples collection: :

At the end of each experimental period either 3 or 6 week of age, six chicks per treatment group were
slaughiered, allowed to blced for blood sample, defcathered and eviscerated and internal ergans were
separated, Liver, spleen and bursa of fabricus weights were recorded. Tleal content samples were collected
by pressing the outer wall of cut ileum to push its contents into clean sterile glass bottle. The pH values of
diets and ileal contents were determined by mixing 2g of diet or ileal samples with 8ml distilled water and
pH meter was used. Small intestine thickness was determined as the procedures described by Stutz es af
{1983) and calculated as: small intestine weight (g) / small intustine length {um).
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Biood analysis:

Blood sampies of each experimental stage were collected and cemtrifuged at 4000 rpm for 15
minutes. Serum total protein was determined according to Biuret method Henery (1964) and albumin
according to Doumas e/ al. (197]). Serum globulin was caiculated by subtracting albumin from total
protein,. Serum total lipid was determined according to Knight er a/. (1972) and total cholesterol
according to Watson (1960).

Cultivation and counting of bacteria:

Microbiclogical examination procedure was done for the experimental period as follows: One gram
of ileal content was adjustably weighed and transferred into test tube containing 9 ml of 0.1 sterile
peptone. The samples were mixed well; tenfold dilutions were prepared and titrated on the following
media:

Total aerobic bacteria were cultured on nutrient agar medium composed of (per liter) yeast extract
2.5g; trypton 5g, glucose g, agar 15g and distilled water up to one liter.

Lacrobacilli bacteria were cultured on M.R.S. agar medium which is composed of casein peptone
10g, meat extract 10g, veast extract 5g, glucose 20g, tween80 lg, K2mpod 2g, sodium acetate 3g,
diammonium citrate 2g., MnSO4 0.2¢g and distilled water up to 1 liter. '

E. coli bacteria were cultured on MacChonkey agar medium that is composed of pancreatic digest of
gelatin 17g pancreatic digest of casein ..5g, peptic of animal tissue 1.5g, lactose 10g, bile salts 1.5g,
sodium chloride 5g, neutral red 0.03g, crystal violet 0.001g, agar 3.5g, and distilled water up to 1 liter.

Enterococcus bacteria were cultured on MacChonkey agar No.2 medium that is composed of
{peptone 20g, lactose 10g., bile salt 5g., sodium chioride 5.0g., neutral red 0.073g and agar, 12g per liter).
Salmonella bacterial were cultured on S.8. agar.

Bacterial count was determined by microscopic examination of the cultured media.
Histological examination:

Histological examination of slaughtered birds were done by using small pieces (2.5cm) from the
same area of ileum for slaughtered birds per treatment either at three or six week of age. The ileum
samples were placed in 10% buffered neutral formalin for fixation. A microtome was used to make 5p
sections that were mounted on glass slides and stained with hematoxylin and eosin. Villi lengtht was
measured from the apical to the basal region which corresponded to the superior portion of the crypts of
Lieberkuhn by using light microscope and micrometer slide.

Statistical analysis:

Statistical analysis wus carried out using statistical program SAS (1948). Duncan’s muluple range
test (1955) was applied a test for significant differences among means of traits. The following model was
used: Yij: i} + T,‘. + =T
Where Yij = observation, p = overal] means, T; = effect of treatment and eij = experimental error.

RESULTS AND DISCUSSION

Body weight gains of broiler chicks (Table2) for the entire experimental period 0-6 week improved
clearly due to inclusion different types of organic acids into their diets, beyond that, the improvement was
significant for the birds fed diet supplemented with 1.5% propionic acid. Similar trends were recorded for
body weight gain of chicks at different intervals 0-3 week or 3-6 week of age, Feed consumption values
of chicks fed dietary organic acids were higher than control either cumulatively (0-6 week) or at intervals
(0-3, 3-6 week). Cumulative feed conversion ratios were improved with inclusion organic acids into
broiler diets, this improvement was 11% for the chicks fed 0.5% lactic acid or 1.5% propionic acid
however, the differences lacked significance.

The improvement in body weight gains (Table 2) coincide with those of CI-Afifi o of (2001),
Muzaffer ¢ a’ (2003), and Sheikh e a/ (2010) who observed an enhancement in body weight of broiler
chicks due to adding different organic acids into their diets. The increment in feed consumption values of
the current experiment disagreed with the pervious findings of (El Afifi and El Alaily 2001), Furuse and
Okumura (1989) showed that, feed intake of poultry can be depressed as a result of low palatability of
acidic diets due to organic acid inclusion. The present result of feed conversion efficiency was in
harmony with the finding of Alp er o/ (1999} and Kahraman er ai. (1999), who reported that feed
conversion was generally improved by feeding dietary organic acids.

The mode of beneficial action of orgenic acids on broiler performance is related due to lowering pH
vilues (Table5) in the gut (mainly upper intestinal tract), inhibiting the proliferation of unlavorable
micro-organisms, (Tabled) enhancing nutrients digestibility and absorbability by increasing enzymc
activity and reducing the passing rite of digesta, Giesting er af. (1991), Waldroup ef of,, (1995},
Ghazalah, ef a/. (2011).
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Serum constituents of broiler chicks (Table3) fed different levels of organic acid showed no
significant differences in the concentration of serum cholesterol, triglycerides or total lipids among all the
treatment groups either at 6 week or 3 week of age. Serum constituents of protein and its derivatives at 3
or 6 week of chicks age showed, a significant increments in both of total protein and globulins, however
serum albumin was not affected.

The elevation in blood total protein (Table 3) may be related to stimulating effect of organic acids on
protease enzymes and enhancing protein absorption (Giesting er af. 19921). The increment in serum
globulin concentration may suggest tendency to enhance humoral immunity of chicks due to feeding
organic acids, because of a part of globulin is responsible for producing immune bodies. The
improvement in immunity may be related to the effect of organic acids in increasing the populations of
lactobacilli bacteria which would enhance the natural immune competence ability (Lan er al. 2005). The
blood cholesterol results are in harmony with those obtained by Sheikh ¢r al. (2010) who did not observe
any effect on blood cholesterol due to supplementing organic acids into broiler diets.

Bursa and spleen weights (Tabled) were increased due to feeding organic acids supplemented diets at
6 week of age; however the increment was not significant for spleen weight. Absolute liver weight
increased significantly at 3 and 6 week of age due 1o feeding dietary organic acids.

Small intestine thickness (Tabled4) reduced significantly due to feeding dietary organic acids at 3
weeks of age; however this reduction was not clear and lacked significant at 6 week of age. Villi heights
{u m} of ileal section (Table 4 &Fig 1), were significantly higher in birds fed organic acids supplemented
dicts than control. pH values (Table5) of starter and finisher diets seemed to decline gradually as dictary
concentration of organic acids increased. Also the pH values of ileal content at both stages of experiment
were lowered as a result of organic acids supplementation.

The increment in bursa and spleen weight (Table4) prove that addition of organic acid into broiier
diets may enhance immurity. El Afifi (2003) found that, fezding citric acid enriched diets cause an
increment in bursa and spleen weight. Dafwang et al. (1985) proved that, increase of bursa and spleen
weight may reflect an improvement in chicks immunity due to feeding anti microbial agents.

The reduction in small intestine thickness (Tabled) may be related to the great reduction in the count of
undesirable bacteria (Table5) which may induce a chronic inflammation resulting in intestinal wall
thickening (Krink and Jamroz, 1996).

The significant increase in villi length (Tabled) are in harmony with the earlier workers of 1.oddi e
al. (2004) and Sheikh er af. (2010) who reported that, the length of intestinal villi of broiler chicks fed
organic acidifiers diets were greater than those of control group. They attributed the increment to the fact
that organic acids reduce the growth of many pathogenic or nonpathogenic intestinal bacteria, decreasing
the intestinal colonization and infectious processes, ultimately decreasing the inflammatory reactions at
the intestinal mucosa, which increases the villis height and functions of secretion, digestion, and
absorption of nutrients by the mucosa, finally, enhance broiler performance. However, this result
disagrees with those of Gunal er al. (2006) and Leeson ef al. (2005), who demonstrated that addition of
organic acid to the broilers diet was ineffective on villi height.

The microbiclogical examination showed that (Table 3), bacterial total count per gram of ileal
content of chicks significantly reduced by feeding different organic acids supplemented diets, at the both
stages of growth. Tota! count of E. coli (gram-negative) bacteria was inhibited significan:ly and sharply
by feeding organic acids. The ileal content of Salmonella reduced significantly by including organic acids
into broiler diets. Propionic acid has the most effect on salmonella count. In contrast Lactobacilli bacteria
increased significantly due to inclusion organic acids into broiler diets, this increment was huge and more
pronounced at the second stage of growth.

The reduction in pH values (Table5) of ileal content were recorded by Burnell er a/. (1988) and El
Afifi et al. {2001) who attributed this reduction due to lowering dietary pH resulting from organic acids
addition.

The inhibitory effect of organic acids against gut microflora was reported by Jin ef af. (1997)
Waldroup et al. (1995) that the antimicrobial activity of organic acid may be resulted from decrease pH
value, in addition to specific antimicrobial effects of the enter undissociated acid molecules into microbial
cells and dissociate into anion and protons which decrease the pH of cytoplasm.

Thus inhibiting synthesis of several macromolecules, including cell wall components, DNA, lipids,
proteins and RNA. Mijdat er al. (1999) and Waldroup er al. {1995) reported that, the sharp reduction in
the count of E. Coli bacteria may be attributed to the direct effect of organic acids in lowering ileum pH
value.
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Table (2): Effect of different levels of organic acids on Body weight feed consumption and Feed conversion efficiency.

ltem
(0-3 wk)
Citric acid (0.5%) 417.3
4.88
Citric acid (1%) 3954
3.58
Citric acid (1.5%) 418.8
4.34
Lactic acid (0.5%) 432.7
3.98
Lactic acid (1%) 3776
2.34
Lactic acid (1.5%) 370.1
4.21
Prapionic acid (0.5%) 3925
1.48
Propionic acid (1%) ' 373.9
: 2.50
Propionic acid {1.5%) 3922
3.51
Control 389.9
342

Body gain (g)

(3-6 wk)
1085.3%
6.58

1032.8%
7.57
1024.4%

5.67
1079.8%¢
6.44
1068.6"

A 70

.47

1016.4%
5.76
1082.8"
3.60
1190.1%
3.89
1215.2°
5.02
978.2°
6.39

Feed intake (g/bird}

Feed Efficiency (g feed/g gain)

(0-6 wk) (0-3 wk)  (3-6 wk) -6 wk)  (0-3wk) (3-6 wk) (0-6 wk)
1502.9% 774557 2503.5%  3278.0° 1.94 2.32 2.18
7.57 19.51 96.62 115.91 0.306 0.189 0.090
1427.7% 749,14 2460.6% 3209.7% 1.98 2.39 2.55
7.59 9.15 32.96 24.32 0.296 0.126 0.107
1443.2%  7993" 2377.7¢ 3176.9™ 1.98 2.39 221
7.89 14.38 56.94 43.15 0.296 0.179 0.113
1502.5% 8443 2301.44 3145.7™ 2.07 2.14 2.10
8.33 429 30.62 26.83 0.301 0.134 0.095
1446.2°™  805.9° 2456.7%¢ 3262.7° 224 2.31 2.26
7.15 621 53.19 4659 0360 0.115 0.111
1386.5"™  758.4° 2292.7¢ 3051.1¢ 2.17 2.28 2.20
8.96 19.02 106.30 12529  0.397 0.223 0.081
1475.2%  gi11.1® 2450.1% 32612 2.16 227 2.22
5.69 1.74 54.27 $2.54  0.324 0.109 . 0.077
1564.9*  752.3¢ 2716.8° 3469.1° 211 2.29 2.22
4.9] 3.57 37.08 33.67 0335 0.100 0.098
1622.7° 792.1% 2675.7" 3467.7 112 212 2.12
7.48 3.27 37.87 3867 0322 0.107 0.076
1368.0°  775.0™¢ 2420.2¢¢ 3195.3% 2.09 249 2.34
927 11.93 3.14 1100 0.341 0.145 0.102

a. b Mean values in a column without a common superscript are different (P <0.035).

The value + stander error
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Table (3): Effect of different organic acids levels on some blood constituents of broiler chicks.

ltem Globulin Albumin Total protein Triglyceride Total Lipid Cholesterol

Jwks 6 wks Swks 6 wks 3 wks 6 wks 3wks 6 wks 3 wks 6wks 3 wks 6 wrs

Citric acid (0.5%) 1.74 134 1.71% 1.81° 3.45° 315 759 799 1244 1502 135.8 1244
: 0.04  0.06 0.16 812 357 254 1022 1478 1586  +4.39

Citric acid (1%) 174 136 1.69° 202" 3.43 338" 776 82.1 125.4™ 1599 138.3 129.1
003 004 0.09 0.31 297 422 7122 9.15 +1226  +8.86

Citric acid (1.5%) 1.02 131 .75 1.85° 277 6™ 7153 932 1368 1414 129.3 1339
0.07 008 0.15 012 626  10.19 1127 11.0 563 7.03

Lactic acid (0.5%) 0.85  1.49 1.83™ 192"  268°  341™ 741 816 1392 1464 140.0 126 3
0.02 0,09 0.05 009 399 586 11.56 13.3 7.23 9.92

Lactic acid (1%) (.02 175 .74 183" 2.76" 358 699 837  1089° 163.9 1491 1122
0.04 0.11 0.09 0.19 417 649  43] 2.49 7.74 424
[ actic acid {1.5%) 0.81 .41 1.90™ 180" 271 321 7669 790 1353 1773 140.9 1179
0.07 0.05  0.15 0.14  3.03 541 9.79 7.37 8.09 593

Propionic acid (0.5%) 097 141 1.89" 186™  2.86" 327 7621 772  1383" 1759 1276 118.1
0.04 0.11 0.13 0.11 3.33 837  12.04 36.16 11.85 497

Propionic acid {1%) 087 142 2.00° 1.86™ 287" 328%™ 6911 7474 1239™ 1564 1297 121.1
0.07 0.10 0.11 007 221 8.04 1493 786 494 £3.31
Propionic acid (1.5%) 0.82 0.8l .93  2.08 275 2.89° 6985 766  1452° 1631 127.2 1206
0.07 0.4 0.09 013  1.08 3.31 i2.52 9.23 8.56 3.05

Control 0.72 0.85 2.04 2.06" 276" 291 7327 819 157.5° 173.9 124.9 124.5
0.07 0.07 0.03 006 297 113 6.67 4.98 3.34 3.30

a. b Mean values jn a colwmi without a common superseript are different (P <0.05).
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Table (4): Effect of different organic acids levels on liver, intestinal thickness and some immunity organs.

Treatments/Item Villi hights Intest. Thickness Bursa spleen liver
3 wks 6 wks 3 wks 6 wks 3 wks 6 wks 3 wks 6wks 3 wks 6 wks
Citric acid (0.5%) 36.137  3729% 0.069°  0.128 0381  1.50° 0.451  2.04 9.50"  31.68%"
0.989 1.17 0.006 0.007 0.06 0.354 0.07 0.163 0.36 2.57 !
Citric acid (1%) 63.38°  64.25% 0.078°  0.121 0.514™  0940° 0.326  1.97 9.79™"  30.62° !
3.66 3.65 0.005 0.007 0.12 0.218 0.060 0275 0.445 1.670
Citric acid (1.5%) 7244 66.71° 0.085"  0.208 0272  0.860°" 0.304 244 959"  3330"
2.00 5.49 0.010 0.012 0.05 0.244 0.05 0244 0.86 1.92
Lactic acid (0.5%) 64.71"  60.86™ 0.103% 0255 0.631°  0.890° 0398 1.84 957"  32.66"™
4.66 5.19 0.002 0.017 0.12 0.402 0.06 0250 0.275 3.06
Lactic acid (1%) 64.00°  62.89™ 0.091"  0.212 0.338"  0.868° 0326 194 925" 3226
2.89 2.47 0.007 0.019 0.09 0.075 004 0250 0.613 1.82
Lactic acid (1.5%) 61.30" 63.78* 0.090°  0.221 0.294°  0.766"° 0514 1.98 966™  32.28"
3.22 2.44 0.009 0.029 0.05 0.097 0.17  0.049 1.906 1.33
Propionic acid (0.5%) 36.50¢  44.13¢ 0.096°  0.127 0.474%  0.760° 0.452 1.82 1067  34.70%
0.87 1.16 0.005 0.006 0.06 0.093 0.04  0.195 0.773 1.55
Propionic acid (1%) 50.00° 4883 0.081" 0321 0.287°  0.668" 0.362 168 9.09™  3696°
0.52 1.72 0.005 0.075 0.05 0.049 0.06  0.344 0.786 2.86
Propionic acid (1.5%) 58.43%  55.14% 0.380°  0.247 0.418"  0.756" 0456 2.0 10,93 34.55"
' 1.34 1.88 0.276 0.005 0.05 0.045 005 0.18 1.079 1.87
Control 33.10%  34.50° 0.089° 0225 0.399"®  0.610° 0372 164 7.10° 28.40°
1.05 3.86 0.009 0.022 0.12 0.058 012 020 1.834 2.33

a. b Mean values in a column without a common superscript are different (P <0.03).
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Fig. (1): Height of Intestinal vilti of the small intestine in 3 & 6 weeks age with different “acids:

Control 3 week

Citric acid 0.5%

Lactic acid 0.5% L Lactic acid 1.5%
:.;.w ’ 7 . 2 ——— . . 2 - L ,7_“‘%‘;

Control 6 week

Citric

Lactic acid 0.5%
A
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Table (5): Effect of Different organic acids levels on lleal pH and intestinal bacteria account.

Item Treatments
Propioic Acid Lactic Acid Citric Acid Control
1.5%  1.0% 0.5% 1.5%  10% 05% 1.5% 1.0% 0.5%
3 weck Age
Bacterial total 26" 226 13.6™  133° 2717 164% 223%™ 148" 160  52.3°
count x 10° 1.75 2.96 1.93 088 359 339 736 1.30 4.52 6.74
E. Coli 16.3% 239%™ 207 197 177 1439 1270 263 4.6 38.7°
count x 10 0.88 3.67 0.88 219 167 1.20 1.45 4.06 0.31 8.76
Salmonella 2.6° 3.5 2.7 175 3.7 20 39 2.0° 2.5 6.4°
count x 10 1.76 0.76 1.45 088 033 0358 067 1.15 0.35 0.88
Lactobacilli $p. 27> 62.3° 33.3% 22 223% 233%™ % 138" 4™ 6.3°
count x 10° 14.57  14.68 8.82 414 463 120 252 0.74 2.66 1.86
Ileal content pH  5.76™  5.86® 584 584%™ 574® s522° 578°  514®  544° 6297
0.32 0.18 0.20 0.17 013 020  0.36 0.27 0.22 0.12
Dietary pH 4224 50214 516" 4.89° 5.09° 540° 4618 48  506°  5.90°
0.03 0 0.04 0.03 003 004 0 0.25 0.05 0
6 week Age
Bacterial total 50° 55bed 32¢ 5104 gahed 353 4330 sghe 613 936
count x 10° 5.77 10.41 3.51 557 493 491 521 7.57 6.33 11.97
E. Coli 6" 126" 153 73> 9 124 163" 117" 129" 68"
count x 10* 1.53 1.45 3.53 285 208 698 203 3.20 2.03 6.43
Salmonella ND* ND* ND* 20 20" ND° 23" 36" ND* 12.0°
count x 107 1.0 1.00 1.20 1.45 1.73
Lactobacilli Sp.  47.6™  S6.6™  51.3 463%™ 47 866" 733"  563™ 816"  233°
count x 10° 433 1.67 5.93 633 493 2404 1764 1357 1014 1.76
lleal content pH ~ 5.15*  5.13® 520" 475" 5.13® 535® 503® 515 560°  5.58°
0.24 0.20 0.28 016 ~0.13 010 0.6 0.25 0.17 0.24
Dietary pH 4.98° 490 520 4.73° 493%  5.10° 4400 463" 498 570
0.03 0 0.04 003 003 004 0 0.25 0.05 0

NI} Non detected
a-b within rows, means with no common superscripts differ significamiv (p>0.03}

In addition to the indirect effect of low pH in promoting the growth of lactobaciili bacteria, which
have antagonistic action against E. coli bacteria. Jin ef <l (1997) and Nemcova (1997) stated that,
increase lactobacilli causing additional inhibitory effect against coliforms bacteria via secreting
bacterocin-like substance termed lactocidine which displays inhibitory activity against coliforms bacteria.
As well, Lactobacilli compete with coliforms for sits of attachmient which is needed for proliferation and
reducing rate of removal of organisms due to movement of digesta. Waldroup et af. (1995) observed a
reduction nurnber Salmonella due adding propionic acid-containing product into broiler chick diets. The
reduction in salmonella counts was more pronounced at the second stage of growth (6weeks of age) than
the first stage (3weeks of age). That may be related to the huge increments in lactobacilli bacteria in the
second stage compared with first stage of growth (Table5). Terada er al. (1994) showed that, Lactobacilli
bacteria compete with Salmonella for colonization sites and causing a production of volatile fatty acids
which are toxic for salmonella. Fuller (1977) and Waldroup ef al. (1995) demonstrated that, the slight
acidic media created from organic acids addition is responsible for increasing lactobacilli bacterial count.
Mathew et al. (1991) showed that, lactobacilli bacterial count was not affected by dietary propionic acid
of 8 weeks-old piglets and increase at 12 weeks of piglets age.
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