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Abstract

In order to investigate the effects of the dietary supplementation of organic acids, prebiotics and
probiotics on broiler chickens, a total of 288 day-old male Cobb chicks were allocated in a completely
randomized design according to a 2 x 4 factorial, consisting of two levels of crude protein (recommended or
low (85% of recommended)) and a four feed-additive programme. The basal diet without any feed additive
served as control and one of the following additives, organic acids, a prebiotic and a probiotic, were added to
the basal diet to form the other treatments. Starter and finisher diets were offered from 1 to 21 d and 22 to 42
d of age, respectively. The birds were reared in an open-sided house system under natural tropical conditions
with the same housing and general management practices. Lowering the dietary protein level significantly
decreased bird performance throughout the experiment. Additives had no significant effects on body weight,
body weight gain and feed intake. Dietary supplementation with the prebiotic resulted in significant
improvements in feed efficiency during 22 - 42 d and 1 - 42 d of age. At 21 and 42 d of age birds fed the
diets containing the prebiotic had the longest duodenal villi compared to the other treatments. Jejunum villi,
and duodenum and jejunum crypt depth were not influenced by additives. At 21 d of age the dietary addition
of the prebiotic and organic acids significantly increased the antibody titres against Newcastle disease
compared to the control group. It could be concluded that under the condition of the current study, the
prebiotic affected performance, small intestinal morphology and immunity of broiler chickens significantly.
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Introduction

Beneficial effects of dietary additives such as probiotics, prebiotics and organic acids, on the energy
and protein utilization of poultry have been reported (Samarasinghe et al., 2003; Angel et al., 2005;
Pirgozliev et al., 2008; Yang et al., 2008). It has also been suggested that feed additives may be more
efficient when low nutrient diets are fed. Generally, low density diets are more profitable and resulted in less
environmental pollution problems. In recent years, the high price of protein sources as well as environmental
concerns related to high nitrogen excretion have resulted in increasing interest for using low protein diets in
poultry production (Torres-Rodriguez et al., 2005). Considering the positive effects of probiotics, prebiotics
and organic acids on protein utilization, using low protein diets supplemented with these additives in broiler
nutrition may be practical. In this regard, Angel et al. (2005) reported that the feeding the low nutrient diets
resulted in poorer performance, but dietary inclusion of probiotics helped the birds to overcome this negative
effect by improving nutrient retention. Moreover, it has been reported of that probiotics, prebiotics and
organic acids have positive effects on the immunity system (Zulkifli ez al., 2000; Huang et al., 2007; Abdel-
Fattah et al., 2008). However, there are only a few comparative reports on the effects of probiotics,
prebiotics and organic acids on performance, immunity and the intestinal morphology of broilers fed
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different levels of protein. Thus, the main objective of this experiment was to study and compare the efficacy
of these additives on the above-mentioned parameters.

Materials and Methods

This experiment was conducted with 288 day-old male Cobb broiler chicks. All procedures used in
this experiment were approved by the Institutional Animal Care Committee of the University Putra Malaysia
(UPM). Birds were obtained from a commercial hatchery. Upon arrival, they were weighed individually,
wing banded and assigned at random to eight experimental treatments. Each treatment had six replicates
(cages) of six birds. This experiment was a 2 x 4 factorial arrangement with two levels of dietary crude
protein (CP) and a four feed-additive programme. The two levels of protein were the recommended 230 and
200 g CP/kg for starter and finisher diets, respectively (NRC, 1994), and low levels, 195 and 170 g CP/kg for
starter and finisher diets, respectively. The feed additive programme was as follows: 1. The basal diet
without any feed additive served as the control; 2. the basal diet supplemented with organic acids; 3. the
basal diet supplemented with a prebiotic; 4. the basal diet supplemented with a probiotic.

All additives were commercial products, in powder form and added to the diets according to the levels
recommended by the manufacturers. Additives and their dosages were: Organic acids (Sunzen Corporation
SdnBhd, Malaysia), at 1.5 g/kg of the starter and finisher diets; the prebiotic, MOS (Bio-Mos, Alltech Inc.,
Nicholasville, KY), at 2 and 1 g/kg of starter and finisher diets, respectively, and the probiotic, Bio K1
(KBNP, INC, Korea), at 2 g/kg of the starter and finisher diets. This probiotic contained at least 1 x 10
"®CFU Bacillus subtilis/kg and at least 1 x 10 °CFU Clostridium butyricum/kg.

The compositions of the experimental diets are presented in Table 1. Crude protein, lysine and
methionine levels of the low protein diets were 85% of recommended levels suggested by the NRC (1994).
However, both recommended and low diets contained similar concentrations of the other nutrients, viz.
metabolizable energy, other amino acids, calcium and phosphorus. The nitrogen content of the diets was
measured using the AOAC (1990) procedure. Crude protein was calculated as N x 6.25. The starter and
finisher diets, in mash form, were fed from 1 to 21 d and 22 to 42 d of age, respectively.

The birds were reared in wire-floored cages in an open-sided house system under natural tropical
conditions with the same housing and general management practices. Feed and water were provided ad
libitum and lighting was continuous throughout the experiment. Feed intake was measured weekly, on a cage
basis. The chicks were individually weighed weekly and feed conversion ratios (FCR) were calculated.
Mortality was recorded daily throughout the experiment and the FCR was adjusted for mortality. On days 7
and 21 the birds were vaccinated against Newcastle disease (POULVAC NEW LASOTA, B, Type, Fort
Dodge, Brazil) via the intraocular route.

At d 21 (end of starter period) and 42 (end of finisher period), one bird was randomly sampled from
each cage (six birds per treatment) and killed by cervical dislocation. Immediately after killing, the whole
length of small intestine was separated and its full weight and length were recorded. After that, different
parts of the small intestine including the duodenum (from gizzard outlet to the end of pancreatic loop),
jejunum (segment between pancreatic loop and Meckel’s diverticulum) and ileum (segment between
Meckel’s diverticulum and ileocaecal junction) were removed and their weights and lengths were recorded.

To measure villus height and crypt depth, 2 cm segments from the middle part of the duodenum and
jejunum were removed, flushed with physiological saline and immediately put into a 10% buffered formalin
solution until further processing. After embedding the samples in paraffin, a 5 pm section of each sample
was placed on a glass slide and then stained, using haematoxylin and eosin, for measuring villus height and
crypt depth. The distance from the tip of the villus to the villus crypt junction represents villus height, while
crypt depth was defined as the depth of the invagination between adjacent villi. A total of 10 villi and 10
crypts per sample (40 villi and 40 crypts per treatment) were measured using light microscope.

On days 21 and 42, 1 mL of blood was collected via the brachial vein from one bird per cage (six birds
per treatment). Blood serum was separated. Serum concentration of antibody titre against Newcastle disease
was determined using an enzyme-linked immunosorbent assay (ELISA) kit.

Data were subjected to two-way analysis of variance by using the General Linear Model (GLM)
procedure of SAS (SAS Institute, 2005). The Duncan’s multiple range test at 5% probability was used to
compare means.
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Results and Discussion

The effects of protein level and feed additives on body weight, body weight gain, feed intake and FCR
of the broilers during the different phases of experiment are shown in Table 2. There were no significant
differences during the different phases of experiment between the additives and the control groups in body
weight, body weight gain and feed intake. Also, during the starter phase (d 1 - 21), FCR was not affected by
feed additives. However, during the finisher phase (d 22 - 42), the birds receiving the diet containing the
prebiotic had a significantly better FCR than the other groups. Due to this improvement, overall (d 1 - 42)
FCR was also better for the prebiotic treatment compared to the other treatments. Briefly, the performance
data indicated that among the different feed additives (organic acids, probiotic and prebiotic), a significant
growth promoting effect was observed only for the prebiotic. The dietary addition of both organic acids and
probiotic had no significant effects on performance traits.

Table 1 Ingredient and nutrient composition of experimental diets (90 % DM)

Starter Finisher
Ingredients (g/kg) Recommended Low protein Recommended Low protein
230 g CP/kg 195 g CP/kg 200 g CP/kg 170 g CP/kg
Maize 532 611 573 670
Soybean meal 335 275 300 225
Fish Meal 40 30 30 20
Palm oil 60.7 49.2 63.4 49.5
Dicalcium phosphate 10 11.6 10 11.7
Limestone 10.8 11.3 11.6 12.1
Lysine HCI 0.6 0.7 0.6 1.3
DL — methionine 1.7 1.3 1.7 1.3
Vitamin premix' 2.5 2.5 2.5 2.5
Mineral premix” 2.5 2.5 2.5 2.5
Choline chloride 1 1 1
Common salt 3.5 3.6 2.9 3
Nutrient Composition (calculated)
ME (MJ/kg) 13.39 13.39 13.39 13.39
Crude protein
v (o /ég)) 234 198 202 172
Lys. (g/kg) 11 9.4 10 8.5
Met. (g/kg) 5 43 3.8 32
Thr. (g/kg) 8 8 7.4 7.4
Trp. (g/kg) 2 2 1.8 1.8
Arg. (g/kg) 12.5 12.5 11 11
Calcium (g/kg) 10 10 9 9
Available P (g/kg) 5 5 4.5 4.5
Sodium (g/kg) 2 2 1.7 1.7

" Supplied per kg diet: 8000 TU vitamin A; 1000 TU vitamin Dj; 30 TU vitamin E; 2.5 mg vitamin Ks; 2 mg vitamin
B; 5 mg vitamin B,; 2 mg vitamin Bg; 0.01 mg vitamin By,; 30 mg niacin; 0.045 mg D- biotin; 50 mg vitamin C; 8
mg D- pantothenate; 0.5 mg folic acid.

*Supplied per kg diet: 70 mg Mn; 35 mg Fe; 70 mg Zn; 8 mg Cu; 1 mg I; 0.25 mg Se; 0.2 mg Co.

Beneficial effects of prebiotics on broiler performance have been shown by Xu et al. (2003). They
reported that birds fed diets containing 0.2% and 0.4% of a prebiotic, had a better performance than the
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control. Xu et al. (2003) pointed out that prebiotics are able to increase digestive enzyme (intestinal protease
and amylase) activity, which affect energy and protein utilization (Samarasinghe et al., 2003; Yang et al.,
2008). It is possible that prebiotics, by improving the microbial ecology of the intestine, reduce passage rate
of the digesta and improve the digestibility of amino acids (Biggs & Parsons, 2007). Changes in mucosal
architecture and increases in villi height have been reported to be due to the supplementation of prebiotics
(Yang et al., 2007). Therefore, the improved FCR in the birds fed the prebiotic supplemented diets could be
related to the above mentioned effects.

The dietary addition of the probiotic in the current study did not show any positive effect on
performance. Similarly, Willis & Reid (2008) reported that the dietary inclusion of probiotics (minimum
presence of 1.04 x 10 *CFU/g) had no significant effect on broiler growth performance.

Generally, results reported in the literature on the beneficial effects of probiotics, prebiotics and
organic acids on broiler growth performance are inconsistent. Numerous factors such as the environment,
management, nutrition, additive type, dosage and bird characteristics (age, species, stage of production) can
affect broiler responses to probiotics (Yang et al., 2009), thereby accounted for the contrasting results. Farm
rearing condition is a major factor contributing to variable results. Angel et al. (2005) reported that under
favourable rearing condition, without any disease or stress, dietary supplementation with probiotics had no
beneficial effects on broiler growth performance. In another study, Timmerman et al. (2006) concluded that
the positive effects of probiotics on high performance broilers would be lower than in low performing birds.

In the current study, broiler performance was not affected by organic acids supplementation. These
results are in agreement with the results of Hernandez et al. (2006), who did not find any positive effects of
organic acids on performance. They concluded that the lack of significant effects on performance could be
related to ideal rearing condition of their experiment, because growth promoting effects of antimicrobial
additives will become apparent under suboptimal conditions, for instance poor hygiene condition or the
feeding of low digestible diets.

The buffering capacity of the diet, presence of other antimicrobial compounds, acid type and
concentration, composition of diet and environment of the experiment could be considered as responsible
factors for inconsistency in results (Dibner & Buttin, 2002). Therefore, attention should be paid to these
factors, for example, in a recent study, Isabel & Santos (2009) concluded that the dietary addition of organic
acids salts (calcium propionate and calcium formate) had no effect on broilers body weight and body weight
gain, while birds fed a diet containing organic acids had a poorer FCR compared to the control birds. Diet
palatability and therefore bird appetite can be influenced by organic acids (Cave, 1982).

The effects of protein level on bird performance (body weight, body weight gain, feed intake and
FCR) are shown in Table 2. On day 21 (end of starter period), the birds fed the low protein diets had a lower
(P <0.05) body weight (712 g) than those fed the recommended levels of protein (870 g). This difference in
body weight remained consistent until the end of experiment (42 d). Body weight gain at different stages of
the experiment was lower in the broilers fed the low protein diets. Moreover, birds fed diets containing the
recommended levels of protein had a higher (P <0.05) feed intake and better FCR than those fed the low
protein diets. Therefore, it could be concluded that the lowering of the dietary protein level influenced bird
growth performance negatively throughout the experiment. Significant effects of dietary protein and amino
acids on bird performance are well documented (NRC 1994; Torres- Redriguez et al., 2005).

There were no interactions (except for feed intake between d 1 - 21) between additives and protein
levels for performance traits.

The effects of protein level and feed additives on villus height and crypt depth at 21 d and 42 d of age
are shown in Table 3. On d 21, birds fed the diets containing the prebiotic had the longest duodenum villi
compared to the other treatment groups, while jejunum villi and also duodenum and jejunum crypt depth
were not affected (P >0.05) by additives. The same effects of additives on villus height and crypt depth were
observed at d 42. On the other hand, these results showed that similar to bird performance, probiotic and
organic acids had no significant effects on villus height.

Changes in villus height due to the supplementation with prebiotics have been reported previously.
Baurhoo et al. (2007) found that birds fed diet containing a prebiotic had longer villi than those fed the
control diet. In a study conducted by Xu et al. (2003), dietary addition of a prebiotics (FOS) significantly
increased villus height. They suggested that these changes may be related to the ability of FOS to create a
more favourable intestinal microbial environment and are not a direct effect of FOS on the intestinal tissue.
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Performance Protein level' Additive )
Interaction
measurement Recommended Low Control Organic acids Prebiotic Probiotic
Body weight (g)
d21 870" +7 712°+7 794* £ 13 776" 11 799" £ 13 798" £ 14 NS?
d42 2470 £ 20 2053" £ 15 2247 + 39 2275 + 36 2298" + 33 2229 +40 NS
Body weight gain (g)
d1-21 822" +7 665" + 6 746" + 13 728" + 11 751"+ 13 750" + 14 NS
d22-42 1599* + 15 1340° + 11 1453 + 28 1498* + 27 1499* + 22 1431° + 28 NS
d1-42 2422+ 20 2005" + 15 2200" + 39 2227+ 36 2251+ 33 21817 +40 NS
Feed intake (g)
d1-21 1171* + 4 1121° + 4 1151*+5 1145* + 6 1148* +5 1141* +7 *
d22-42 2955 + 18 2692° + 12 2845 +25 2848" +22 2799" + 18 2803" + 37 NS
d1-42 4126 £ 21 3813 + 14 3996 + 27 3994 + 26 3947 +22 3944 + 42 NS
Feed conversion ratio (kg/kg)
d1-21 1.436° £0.011 1.705* £ 0.015 1.572* £0.024 1.596" +0.023 1.559* £ 0.024 1.552* £ 0.025 NS
d22-42 1.860° +0.017 2.024*+0.018 1.984* +0.028 1.923* +0.025 1.882° +0.022 1.976" £ 0.029 NS
d1-42 1.712° £0.012 1.911* £0.014 1.839* +0.024 1.811%° +£0.022 1.769° +0.020 1.825" £ 0.023 NS

® Row means with different superscripts differ significantly at P <0.05.
'Recommended: 230 and 200 g CP/kg for starter and finisher diets, respectively; Low levels: 195 and 170 g CP/kg for starter and finisher diets, respectively.
*NS - not significant.
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No significant effects of organic acids on villus height have also been reported by Vieira et al. (2008).
They indicated that the addition of a blend of organic acids did not affect villus height or crypt depth at 7, 14, 21
and 42 d of age. Some information on the gut health could be obtained by studying the structure of the intestinal
mucosa (Xu et al., 2003). Villus condition is a common criteria measurement for investigation of the effects of
nutrition on gut physiology. However, in many cases significant correlations were not observed between
performance and villus height or crypt depth (Vieira et al., 2008). Longer villus could be considered as an
indicator of an active functioning of intestinal villi. Increased villi height provides more surface area for nutrients
absorption (Awad et al., 2009).

Factors such as pathogens, chemical substances and stressors have deleterious effects on gut microflora or
intestinal epithelium. Consequently permeability of epithelium as natural barrier can be changed, and harmful
compounds and pathogens can enter the cell, thereby changing the metabolism, nutrient digestion and absorption.
These conditions can cause chronic inflammation in intestinal mucosa. Due to these changes, villus height and
nutrient digestion and absorption will decrease but cell turnover will increase (Paul et al., 2007).

It has also been reported that presence of toxins resulted in some alteration in intestinal morphology
(shorter villi and deeper crypts) (Awad et al., 2009). This reduction in villi height can reduce nutrient absorption
due to decreased intestinal surface area for absorption. Diarrhoea, reduction in nutrient absorption, decreased
resistance to disease and lower growth performance and increase in secretion of gastrointestinal tract are the
negative consequences of deeper crypt and shorter villi (Xu et al., 2003)

In the current study, supplementation with the prebiotic had beneficial effects on performance and
intestinal morphology. Positive effects of prebiotics could be related to their inhibitory effects on intestinal
pathogens. It has previously been reported that prebiotics are able to control pathogenic or potential pathogenic
bacteria which possess type-1 fimbriae, resulting in better performance (Ferket, 2004).

As shown in Table 3, only jejunum villus height was significantly influenced by dietary protein level at
21 d of age and protein level had no significant effects on other parameters. Therefore, it can be concluded that
dietary protein level has the potential in changing intestinal morphology. Previously, Yamauchi et al. (1993)
found that gut morphology will be influenced by dietary level of nutrients.

The effects of feed additives and protein level on weight and length of small intestine and different parts of
small intestine are presented in Tables 4 and 5. Significant differences were not observed (P >0.05) between
additives and control treatments for different parameters on 21 or 42 of age. Similarly, Iji et al. (2001) and Awad
et al (2009) reported that the addition of a probiotic and a prebiotic, respectively, had no significant effects on
the weight of the small intestine. It is interesting to note that birds fed diets supplemented with organic acids had
a significantly longer small intestine than those fed diets containing probiotic or prebiotic at 21 d of age. A
significant difference was observed between organic acid and probiotic treatments for small intestine length at
the end of experiment. In a recent study, Abdel-Fattah et al. (2008) indicated that the dietary addition of organic
acids increased weight and length of small intestine.

The effects of protein level and additives on antibody titres against Newcastle disease (ND) are shown in
Table 6. At 21 d of age, dietary addition of the prebiotic and organic acids resulted in significant increases in
antibody titres against Newcastle disease, while significant differences were not observed between the probiotic
and the control treatments. At 42 d of age, significant differences (P >0.05) were not noticed between different
treatments.

Beneficial effects of prebiotics and organic acids on immune system have already been indicated. Huang
et al. (2007) concluded that dietary addition of oligochitosan resulted in a better immunity response as measured
by elevated levels of serum antibody titre against Newcastle disease and immunoglobulins (IgM, IgA and IgG).
Also, the prebiotic had significant effects on development of immunity related organs including the bursa of
Fabricius and the thymus. They concluded that prebiotics may improve bird immunity through different ways, as
follows: functioning as an antigen and attach to bacteria to start immunity responses, direct promoting effects on
immunity system by the active group(s) and competition with pathogens for nutrients. Colonization of specific
pathogens can be inhibited by prebiotics, but these pathogens are allowed to be presented to immune cells as
attenuated antigens. Also, prebiotics are able to increase macrophage responses in different species of animals
(Yang et al., 2009).
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Table 3 Effects of feed additives and dietary level of protein on duodenum and jejunum villus height and crypt depth

Protein level' Additive
Item Interaction
Recommended Low Control Organic acids Prebiotic Probiotic
21 days of age
Duodenum
Villus (um) 1439 £ 20 1419* £ 17 1425 +27 1386" + 20 1505* + 25 1400° + 32 NS?
Crypt (um) 210" £3.6 207" £3.2 213" +£4.5 203" +5.3 209" +£4.8 208" +4.8 NS
Jejunum
Villus (um) 1151° £ 17 1065° + 13 1102* 20 1118*+17 1125* £ 32 1089" + 14 NS
Crypth (um) 195" +3 191 £2.6 190" +4 198" £3.3 193"+ 4.4 192" 4.1 *
42 days of age
Duodenum
Villus (um) 1654 £ 21 1701* £ 19 1644° + 31 1648" + 27 1757" £ 30 1661° + 24 NS
Crypth (um) 243" +3.9 235" +3 233" +49 240"+ 4.6 245"+ 4.1 238" +5.8 *
Jejunum
Villus (um) 1221* £ 16 1234* £ 10 1218 £ 21 1209 + 21 1245* + 18 1239* £ 16 *
Crypt (um) 225" +3 232%+ 12 235" +23 212°+43 233" +5.1 233" +2.8 *

® Row means with different superscripts differ significantly at P <0.05.
' Recommended: 230 and 200 g CP/kg for starter and finisher diets, respectively; Low levels: 195 and 170 g CP/kg for starter and finisher diets, respectively.
NS - not significant.
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Table 4 Effects of feed additives and protein level on the relative weight (% body weight) of small intestine at 21 and 42 d of age

Components of small Protein level' Additive )
. . Interaction
Intestine Recommended Low Control Organic acids Prebiotic Probiotic
21 days of age
Full Small intestine 6.7 +0.17 6.4*+0.15 6.4*+0.26 6.7 +0.23 6.6 £0.23 6.5 £0.22 NS*
Duodenum 1*+0.04 1.1°+£0.03 0.99* £ 0.05 1 £0.06 1.1 +£0.04 1.1 +£0.04 NS
Jejunum 2.8'+0.1 2.5*+0.08 2.6"+0.14 2.7 +0.15 2.7 +0.14 2.6'+0.11 NS
Tleum 2.7 +0.08 2.5 +0.08 2.6"+0.14 2.8°+0.9 2.6"+0.13 25"+0.12 NS
42 days of age
Full Small intestine 4.9"+0.18 5.1°+£0.18 4.9"+0.24 53"+0.27 5.1°+£0.25 4.7 +0.25 NS
Duodenum 1*£0.03 0.96" £ 0.03 1*+£0.04 0.9 £0.03 1*£0.05 1*£0.05 NS
Jejunum 1.8 +0.08 2*+0.09 1.8°+0.1 2.1°+0.1 1.9 +0.13 1.7° £0.1 NS
Ileum 2% +0.09 2% £0.08 28 +0.12 2*+0.1 2.1*+0.12 1.9°£0.13 *

® Row means with different superscripts differ significantly at P <0.05.
' Recommended: 230 and 200 g CP/kg for starter and finisher diets, respectively; Low levels: 195 and 170 g CP/kg for starter and finisher diets,

respectively.
NS - not significant.

29



30 Houshmand et al., 2012. S. Afr. J. Anim. Sci. vol. 42

Table S Effects of of feed additives and protein level on the length (cm) of small intestine at 21 and 42 d of age

Protein level! Additive
Item Interaction
Recommended Low Control Organic acids Prebiotic Probiotic
21 days of age
Small intestine 154*+2.6 145"+ 3.5 150° £3.4  160° +26.4 146" + 4.9 141" +4.3 NS®
Duodenum 24 +0.5 23" +0.6 24*+0.6 24* + 1 24" +0.85 23 +0.74 *
Jejunum 64"+ 1.4 58"+ 1.6 62" +1.8 67" £2 60" 2.5 57°+2 NS
Ileum 66" + 1.3 63" +14 65" +1.7 69+ 1.9 62"+ 1.9 61°+2 NS
42 days of age
Small intestine 193"+ 3.6 185+ 3.3 186™ + 6 199* +4.9 187 +4.5 184° +3.2 NS
Duodenum 29°+0.6 29" +0.45 29" +0.51 30° £0.94 29°+0.6 29°+0.9 NS
Jejunum 78 %2 75"+ 1.6 76" +3.1 83" +2.3 75" +2.4 73"+ 1.5 NS
Tleum 86"+ 1.5 80P+ 1.7 81°+2.8 86" +2.7 83'+24 82+ 14 NS

®Row means with different superscripts differ significantly at P <0.05.

' Recommended: 230 and 200 g CP/kg for starter and finisher diets, respectively. Low levels: 195 and 170 g CP/kg for starter and finisher diets,
respectively.

NS - not significant.

Table 6 Effects of feed additives and protein level on antibody titres against Newcastle disease at 21 and 42 d of age

Protein level' Additive
Days Interaction
Recommended Low Control Organic acids Prebiotic Probiotic
21d 186" + 28 191°+ 18 88" + 16 257" +36 222" +33 166 + 23 NS’
42d 3056 + 529 2947* + 371 2849 + 582 2650" = 630 3505* £ 637 3021% £ 746 NS

®Row means with different superscripts differ significantly at P <0.05.

! Recommended: 230 and 200 g CP/kg for starter and finisher diets, respectively; Low levels: 195 and 170 g CP/kg for starter and finisher diets,
respectively.

NS - not significant.
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Beneficial effects of organic acids on broilers immunity have been reported previously. In this regard,
Abdel-Fattah et al. (2008) concluded that the dietary addition of organic acids resulted in a higher immunity
response. In their research, the birds fed an organic acid supplemented diet had heavier immune organs (bursa of
Fabricius and the thymus) and also a higher level of globulin in their serum. Concentration of globulin is used as
an indicator for measuring immunity response. They suggested that improvement in bird immunity could be
related to the inhibitory effects of organic acids on gut system pathogens.

In the current study, at both 21 and 42 d of age, antibody titres against Newcastle disease were not
influenced by protein level (P >0.05). However, significant effects of dietary protein and amino acids levels on
bird immunity have been reported (Kidd, 2004). Payne et al. (1990) reported that the feeding with very low
protein diets had negative effects on cellular immunity of birds. Significant interactions between additives and
protein levels were not observed for antibody response to Newcastle disease.

In conclusion, feeding at low levels of protein resulted in poorer growth performance. Among the
additives, prebiotics had significant effects on FCR, duodenum villi height and immunity. Intestinal weight and
length were not affected by the different additives and the antibody titres against Newcastle disease were not
affected by protein levels. It could be concluded that under condition of the current study, prebiotics showed
significant effects on performance, small intestinal morphology and immunity of broiler chickens.

References

Abdel-Fattah, S.A., El-Sanhoury, M.H., El-Mednay, N.M. & Abdel-Azeem, F., 2008. Thyroid activity, some
blood constituents, organs morphology and performance of broiler chicks fed supplemental organic acids.
Int. J. Poult. Sci. 7, 215-222.

Angel, R., Dalloul, R.A. & Doerr, J., 2005. Performance of broiler chickens fed diets supplemented with a
Direct-Fed Microbial. Poult. Sci. 84, 1222-1231.

AOAC, 1990. Official Methods of Analyses (15th ed.). Association of Official Analytical Chemist, Washington,
D.C. USA.

Awad, W.A., Ghareeb, K., Abdel-Raheem, S. & Bohm, J., 2009. Effects of dietary inclusion of probiotic and
synbiotic on growth performance, organ weights, and intestinal histomorphology of broiler chickens.
Poult. Sci. 88, 49-55.

Baurhoo, B., Phillip, L. & Ruiz-Feria, C.A., 2007. Effects of purified lignin and mannan oligosaccharides on
intestinal integrity and microbial populations in the ceca and litter of broiler chickens. Poult. Sci. 86,
1070-1078.

Biggs, P. & Parsons, C.M., 2007. The effects of several oligosaccharides on true amino acid digestibility and true
metabolizable energy in cecectomized and conventional roosters. Poult. Sci. 86, 1161-1165.

Cave, N.A.G., 1982. Effect of dietary short- and medium chain fatty acids on feed intake by chicks. Poult. Sci.
61, 1147-1153.

Dibner, J.J. & Buttin, P., 2002. Use of organic acids as a model to study the impact of gut microflora on nutrition
and metabolism. J. Appl. Poult. Res. 11, 453-463.

Ferket, P.R., 2004. Alternatives to antibiotics in poultry production: responses, practical experience and
recommendations. Nutritional Biotechnology in the Feed and Food Industries: Proc. Alltech's 20" Annual
Symposium, Kentucky, USA, 56-67.

Hernandez, F., Garcia, V., Madrid, J., Orengo, J., Catala, P. & Megias, M.D., 2006. Effect of formic acid on
performance, digestibility, intestinal histomorphology and plasma metabolite levels of broiler chickens.
Br. Poult. Sci. 47, 50-67.

Huang, R.L., Deng, Z.Y., Yang, C., Yin, Y.L., Xie, M.Y., Wu, G.Y,, Li, T.J., Li, L.L., Tang, Z.R., Kang, P.,
Hou, Z.P., Deng, D., Xiang, H., Feng Kong, X. & Guo, Y.M., 2007. Dietary oligochitosan
supplementation enhances immune status of broilers. J. Sci. Food Agric. 87, 153-159.

Iji, P.A., Saki, A.A. & Tivey, D.R., 2001. Intestinal structure and function of broiler chickens on diets
supplemented with a mannan oligosaccharide. J. Sci. Food Agric. 81, 1186-1192.

Isabel, B. & Santos, Y., 2009. Effects of dietary organic acids and essential oils on growth performance and
carcass characteristics of broiler chickens. J. Appl. Poult. Res. 18, 472-476.



32 Houshmand et al., 2012. S. Afr. J. Anim. Sci. vol. 42

Kidd, M.T., 2004. Nutritional modulation of immune function in broilers. Poult. Sci. 83, 650-657.

NRC, 1994. Nutrient Requirements of Poultry. (9th ed.). National Academy Press, Washington, D.C., USA.

Paul, S.K., Halder, G., Mondal, M.K. & Samanta, G., 2007. Effect of organic acid salt on the performance and
gut health of broiler chicken. J. Poult. Sci. 44, 389-395.

Payne, C.J., Scott, T.R., Dick, J.W. & Glick, B., 1990. Immunity to Pasteurella multocida in protein-deficient
chickens. Poult. Sci. 69, 2134-2142.

Pirgozliev, V., Murphy, T.C., Owens, B., George, J. & McCannin, M.E.E., 2008. Fumaric and sorbic acid as
additives in broiler feed. Res. Vet. Sci. 84, 387-394.

Samarasinghe, K., Wenk, C., Silva, K.F.S.T. & Gunasekera, J.M.D.M., 2003. Turmeric (Curcuma longa) root
powder and mannan oligosaccharides as alternatives to antibiotics in broiler chicken diets. Asian-Austr. J.
Anim. Sci. 16, 1495-1500.

SAS, 2005.Statistical Analysis Systems users guide (9th ed.). SAS Institute Inc., Cary, N.C., USA.

Timmerman, H.M., Veldman, A., Van den Elsen, E., Rombouts, F.M. & Beynen, A.C., 2006. Mortality and
growth performance of broilers given drinking water supplemented with chicken-specific probiotics. Poult.
Sci. 85, 1383-1388.

Torres-Rodriguez, A., Sartor, C., Higgins, S.E., Wolfenden, A.D., Bielke, L.R., Pixley, C.M., Sutton, L., Tellez,
G. & Hargis, B.M., 2005. Effect of Aspergillus meal prebiotic (fermacto) on performance of broiler
chickens in the starter phase and fed low protein diets. J. Appl. Poult. Res. 14, 665-669.

Vieira, S.L., Oyarzabal, O.A., Freitas, D.M., Berres, J., Pefia, J.E.M., Torres, C.A. & Coneglian, J.L.B., 2008.
Performance of broilers fed diets supplemented with sanguinarine-like alkaloids and organic acids. J.
Appl. Poult. Res. 17, 128-133.

Willis, W.L. & Reid, L., 2008. Investigating the effects of dietary probiotic feeding regimens on broiler chicken
production and Campylobacter jejuni presence. Poult. Sci. 87, 606-611.

Xu, Z.R., Hu, C.H., Xia, M.S., Zhan, X.A. & Wang, M.Q., 2003.Effects of dietary fructo oligosaccharide on
digestive enzyme activities, intestinal microflora and morphology of male broilers. Poult. Sci. 82,
1030-1036.

Yamauchi, K., Yamamoto, K. & Isshiki, Y., 1993. Development of the intestinal villi associated with the
increased epithelial cell mitosis in chickens. Anim. Feed Sci. Technol. 64, 340-350.

Yang, Y., Iji, P.A. & Choct, M., 2007. Effects of different dietary levels of mannan oligosaccharide on growth
performance and gut development of broiler chickens. Asian-Austr. J. Anim. Sci. 20, 1084-1091.

Yang, Y., Iji, P.A., Kocher, A., Thomson, E., Mikkelsen, L.L. & Choct, M., 2008. Effects of mannan
oligosaccharide in broiler chicken diets on growth performance, net energy utilization, nutrient
digestibility, and intestinal microflora. Br. Poult. Sci. 49, 186-194.

Yang, Y., [ji, P.A. & Choct, M., 2009. Dietary modulation of gut microflora in broiler chickens: a review of the
role of six kinds of alternatives to in-feed antibiotics. Wrld's Poult. Sci. J. 65, 97-114.

Zulkifli, 1., Abdullah, N., Azrin, M.N. & Ho, Y.W., 2000. Growth performance and immune response of two
commercial broiler strains fed diets containing Lactobacillus cultures and oxytetracycline under heat stress
conditions. Br. Poult. Sci. 41, 593-597.



