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Abstract

One hundred and fifty (150) day old Abor-Acre chicks were used to determine the effect of organic acids (OAs) fed through 
drinking water on haematology, serum biochemistry and bacteria community of the gut of broiler chickens. The OAs were acetic (AA), 
butyric (BA), citric (CA) and formic (FA) acids representing the treatments. Each of the OAs was added to the drinking water at 0.25%. 
The control had no OA. Each treatment was replicated three times with 10 birds per replicate, arranged in completely randomized 
design (CRD). Feed and water were offered ad libitum for 7 weeks the experiment lasted. Results showed that white blood cells were 
significantly (P < 0.05) increased by BA, CA and FA. The OAs did not significantly (P > 0.05) alter other haematological and serum 
biochemical indices investigated. All the OAs showed antibacterial effect on Salmonella, E. coli and Staphylococcus in the crop, gizzard, 
duodenum, ileum and caecum. In conclusion, the OAs could be used as antibacterial agents in drinking water to reduce bacteria 
bodies in the gut of broiler chickens without deleterious impact on hematological and serum biochemical status of the birds.
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Introduction

Diet plays an important role for the well being of broiler chickens considering its significant impact in the development and main-
tenance of the gut. Hence the gut health should be maintained or enhanced through dietary means for the welfare and productivity of 
animals. Intensively managed poultry is exposed to infection of microbial entities especially microflora [1]. According to Choct [2] formu-
lating diet for its effects on gut health is fast becoming a reality in monogastric animal industry. Also, Ndelekwute., et al. [3] opined that 
no matter how good the feed is if the health of the gut is poor it cannot be well utilized by the animals. 

The gut health among other factors is influenced by endogenous secretions, the presence and number of microflora and nutrient 
supply to the gut. While the gut harbours over 640 species of bacteria [2] certain components of the feed materials such as non-starch 
polysaccharides and fibre (cellulose) could cause high digesta viscosity in the gut which favours bacteria growth and multiplication, lead-
ing to poor nutrient utilization [4]. Thus, it is essential to reduce this quantum of bacteria population and inactivate them for efficient 
management of feed by the gut. According to Ndelekwute., et al. [3] the gut is like the central processing unit (CPU) of a computer which 
processes the feed that is then distributed to different organs of the body for necessary metabolic processes. On the other hand, the blood 
is the medium in which absorbed nutrients are transported in the body and its constituents could be affected by the components of the 
diet and drinking water.

To maintain both gut health and efficient gut, nutritionists add pharmaceutical antibiotics to the diet of broiler chickens to modulate it 
to maintain the health of the gut. But due to reported antibiotic resistance in both farm animals and man [5] attention has been shifted to 
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using other products. The products includes: probiotics, prebiotic, yeast culture, essential oils, spices and organic acids [6-8]. The conven-
tional way of feeding organic acids has been through the feed [9]. It has been suggested that organic acids should also be given through 
the drinking water [10]. Addition of organic acids to the drinking water for birds could not only sanitize the water but probably modulate 
the gut for better performance [10,11]. 

Objective of the Study

This research was intended to determine the effect of feeding drinking water acidified with organic acids on blood parameters and 
bacteria population of gut of broiler chickens.

Materials and Methods

Site of the experiment 

The experiment was conducted at the Teaching and Research Farm of Department of Nutrition and Forage Science of the Michael Ok-
para University of Agriculture Umudike; Abia State, Nigeria. Umudike is situated on latitude 5° 281N and longitude 7° 321E and lies at an 
altitude of 122m above sea level, with average rainfall of 2000 mm. The average relative humidity during the experiment was 72% and 
average ambient temperature was 28°C.

Experimental design 

One hundred and fifty (150) day old chicks of Abor-Acre strain were used. There were divided into five treatment groups. The experi-
ment was arranged in completely randomized design (CRD).

The treatments were replicated three times each having 10 birds per replicate. The treatment groups (T1 - T5) received no organic 
acid, acetic acid, butyric acid, citric acid and formic acid respectively. T1 was the control. Acetic, butyric and formic acids were offered to 
the birds at 2.5 ml/litre (0.25%) and citric acid 2.5 g/litre (0.25%) of drinking water. The citric acid was measured in gram because it was 
in crystalline form. 

Management of experimental birds 

Heat was supplied to the birds at day old till the third week using kerosene stove as source of heat. They were given Hb1 vaccine intra-
ocular at day old and lasota through drinking water at 20th day against Newcastle disease. 

They were also vaccinated against infectious bursal (Gumboro) disease. The birds were fed formulated starter and finisher diets ad 
libitum (Table 1). The diets were compounded to contain nutrients according to nutrients requirement for broiler chickens in the hot 
tropical ecosystem which Nigeria geographically falls within (Table 2). The experiment lasted for seven weeks. The acidified water was 
provided throughout the experiment ad libitum. The birds were managed in a deep litter house which was open sided type having wood 
shavings as bedding materials. The sides of the building were covered with wire mesh.

Ingredients Starter Finisher
Maize 55.00 55.00

Soya bean meal 28.00 26.00
Palm kernel cake 10.30 13.30

Fish meal 3.00 2.00
Bone meal 3.00 3.00
Salt (Nacl) 0.25 0.25

Lysine 0.10 0.10
Methionine 0.10 0.10

Premix* 0.25 0.25
Total 100.00 100.00

Table 1: Ingredients composition of experimental diets
*Starter Premix supplied per kg diet: Vitamin A 15,000 I.U, vitamin D3 13000 iu, thiamine 2 mg, Riboflavin 6 mg, pyridoxine 4mg, Niacin 
40mg, cobalamin 0.05g, Biotin 0.08mg, choline chloride 0.05g, Manganese 0.096g, Zinc 0.06g, Iron 0.024g, Copper 0.006g, Iodine 0.014g, 
Selenium 0.24 mg, Cobalt 0.024 mg and Antioxidant 0.125g. CON: Control; AA: Acetic Acid; BA: Butyric Acid; CA: Citric Acid; FA: Formic  

Acid. *Finisher Premix supplied per kg diet: Vitamin 10, 0001.u., vitamin D3 12,0001.u. Vitamin E 201.U., Vitamin K 2.5 mg, thiamine 2.0 
mg, Riboflavin 3.0 mg, pyridoxine 4.0 mg, Niacin 20 mg, cobalamin 0.05 mg, pantothenic acid 5.0 mg, Folic acid 0.5 mg, Biotin  

0.08 mg, choline chloride 0.2 mg, Manganese 0.006g, Zinc 0.03g, Copper 0.006g, Iodine 0.0014g, Selenium 0.24g, cobalt 0.25g and antioxi-
dant 0.125g.
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Microbiological analysis of gut digesta

At the end of the feeding experiment, digesta was collected from different segments of the digestive system (crop, gizzard, duodenum, 
ileum, caecum and large intestine). Three birds per treatment representing one per replicate were slaughtered. The abdomen of each bird 
was cut open and the gut pulled out. Collection of digesta was in sequential order starting from the crop to the large intestine. The digesta 
within the region of the duodenal fold was taken to be the digesta in the duodenum. The distance between the Merkel’s diverticulum and 
ileo-caecal joint was taken to be the ileal digesta [12]. Each digesta was collected into a Mackartney bottle and quickly stored in a refrig-
erator at 4°C. Thereafter each sample was subjected to serial dilution technique according to Fawole and Oso [13]. The samples were then 
incubated at 37°C in a J.P. Selecta incubator (0501991, made in Spain). Bacteria colonies in each culture were characterized to determine 
the type of bacteria growing in the medium after the cultures were purified [14].

Blood collection and analysis

Blood was collected from the birds and both haematological and blood serum biochemical analyses were carried out. Birds were bled 
between 8:00 and 9:00hrs. Blood collection was through the jugular vein by the use of hypodermic syringe. Blood for haematological 
analysis was collected into Mackartney bottles containing dipotassium salt of ethylene-diamine-tetra-acetic acid (EDTA) as anticoagulant. 
Blood samples for biochemical analysis were also collected into Mackartney bottles containing no EDTA and were allowed to clot. Both 
haematological and blood chemistry parameters were analysed according to the methods of Ochi and Kochatkar [15].

Data transformation and statistical analysis

Bacterial count expressed in colony forming units (cfu) were transformed using Log10 according to Alshawabkeh and Tabbaa [12]. All 
Data collected were subjected to one way analysis of variance (ANOVA). Significant means were separated using Duncan New Multiple 
Range Text (DNMRT) according to Steel and Torrie [16]. 

Results and Discussion

Haematological and blood chemistry indices

Table 3 shows the effect of acid treated drinking water on haematological parameters of broiler chickens. Significant difference was 
observed only in white blood cells of the birds.

Nutrients* Starter diet Finisher diet
Crude protein 22.10 20.05

Energy (KcalME/kg) 2878 2887
Ether extract 3.92 6.16
Crude fibre 5.01 6.00

Ash 7.04 6.80
Calcium 1.2 1.11

Phosphorus 1.01 0.88
Lysine 1.12 1.05

Methionine 0.45 0.35

Table 2: Nutrients composition of formulated experimental diets. 
*Calculated.
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White blood cells of butyric, citric and formic acid groups were significantly higher (P < 0.05) than those in acetic acid and the control. 
It was observed that control group with significant level of pathogenic bacteria in the gut (Table 5 and 6) had lower number of white cells 
than the three organic acids mentioned (butyric, citric and formic). 

White blood cells respond to presence of foreign bodies, wounds and infection in the body [15]. The lower level of white blood cells in 
acetic acid group could be an indication that the level of acetic acid was not enough to cause deleterious effect to have caused the white 
blood cells to multiply. Invariably the higher level of white blood cells observed in butyric, citric and formic acids could be linked to prob-
able ulceration of the intestine resulting to response by the white blood cells to increase. Hernandez., et al. [17] reported negative effect 
of organic acids on the histomorphology of broilers in form of luminal erosion. According to Oviedo [18] organic acids caused sub-clinical 
intestinal lacerations which could have consequently led to response by the white blood cells to increase in number. This is an indication 
that certain organic acids could trigger response by white blood cells. The increase in white blood cells could not be associated with the 
presence of pathogenic organisms such as Salmonella spp as the number of Salmonella spp for instance was higher in control compared to 
the numbers in organic acid groups. Though the level of white blood cells in butyric, citric and formic acids were higher compared to con-
trol and acetic acid groups the levels fell within the normal range for healthy chickens [19]. Also, the level of the micro-organisms in all the 
treatments could not have caused clinical problem for the white blood cells to increase. For instance, Choct [2] reported that it required 1 x 
106 cells of Salmonella spp to cause clinical problem, which is higher than the numbers observed in this study. White blood cells are known 
to multiply in defence of the body against pathogenic organisms (such as Salmonella and E. coli) invasion which was opposite of this. 
Furthermore, Chaveerach., et al. [20] reported increase in the number of degenerated epithelial cells in broilers fed acid treated water. 

The effect of the organic acids on blood serum chemistry shown in table 4 indicates that there were no significant differences (P > 
0.05) in the blood serum biochemical parameters. The non-significant result in all the parameters of serum chemistry signifies that the 
organic acids at that level was not deleterious and would not have interfered negatively with the physiological processes of the birds. This 
was clearly shown in the results of the liver enzymes (alkaline-phosphatase, alanine-aminotransferase and aspartate-aminotransferase) 
evaluated which were statistically similar. This also indicates that the organic acids could not have imparted deleteriously on the liver. 
While these enzymes play significant roles in nutrient metabolism, high level of the enzymes in the blood is indication of liver injury or 
infection [21].

Parameters T1 (CON) (0%) T2 (AA) (0.25%) T3 (BA) (0.25%) T4 (CA) (0.25%) T5 (FA) (0.25%) SEM
White Blood Cells 

(x103/mm3)
28.00b ± 2.68 28.70b ± 2.68 29.70a ± 2.71 29.00a ± 2.71 29.0a ± 2.71 1.08

Red Blood Cells 
(x106/mm3)

3.90 ± 0.04 3.77 ± 0.04 3.72 ± 0.04 3.95 ± 0.05 3.83 ± 0.04 0.56

Haemoglobin 
(g/100ml)

12.53 ± 1.93 13.07 ± 1.95 12.97 ± 1.93 12.66 ± 1.94 12.74 ± 0.03 0.78

Packed cell volume 
(%)

32.35 ± 3.65 31.95 ± 3.63 31.35 ± 3.63 31.38 ± 3.63 31.96 ± 3.70 1.76

MCH (%) 32.35 ± 3.75 34.74 ± 3.89 34.97 ± 3.90 32.14 ± 3.67 33.23 ± 3.92 1.12
MCV (mg / 100ml) 84.66 ± 5.45 84.90 ± 5.48 84.35 ± 5.41 79.60 ± 5.05 83.56 ± 5.38 2.03

MCHC (%) 38.76 ± 3.32 40.91 ± 3.76 42.59 ± 3.80 40.35 ± 3.67 39.85 ± 3.62 1.00

Table 3: Effect of organic acid treated drinking water on haematological indices of broiler chickens
abc: Means along the same row with different superscripts are significantly (P < 0.05) different. MCH: Mean Corpuscular  

Haemoglobin; MCHC: Mean Corpuscular Haemoglobin Concentration; MCV: Mean Corpuscular Volume; CON: Control;  
AA: Acetic Acid; BA: Butyric Acid; CA: Citric Acid; FA: Formic Acid.
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Parameters
(mg/100 ml)

T1 (CON)
(0%)

T2 (AA)
(0.25%)

T3 (BA)
(0.25%)

T4 (CA)
(0.25%)

T5 (FA)
(0.25%)

SEM

Total protein 4.97 ± 0.09 4.54 ± 0.08 4.87 ± 0.09 4.60 ± 0.07 4.87 ± 0.09 0.56
Albumin 3.28 ± 0.86 3.32 ± 0.06 3.30 ± 0.96 3.40 ± 0.75 3.36 ± 0.96 0.41
Globulin 1.69 ± 0.05 1.56 ± 0.04 1.57 ± 0.03 1.65 ± 0.05 1.59 ± 0.04 0.24

Urea 2.02 ± 0.06 2.37 ± 0.07 2.43 ± 0.07 2.17 ± 0.05 2.09 ± 0.05 0.08
Cholesterol 142.00 ± 10.55 143.00 ± 10.55 142.67 ± 10.55 145.67 ± 10.59 147.67 ± 10.64 4.09
Creatinine 0.44 ± 0.003 0.46 ± 0.003 0.50 ± 0.004 0.46 ± 0.0003 0.45 ± 0.03 0.03

Glucose 163.33 ± 12.45 166.33 ± 12.40 164.00 ± 12.45 165.67 ± 12.45 163.34 ± 12.40 5.09
ALP 34.00 ± 3.08 36.57 ± 3.10 38.07 ± 3.40 37.92 ± 3.40 38.78 ± 3.41 1.56

ALT (iu/l 19.00 ± 2.34 20.00 ± 2.34 21.67 ± 2.35 21.67 ± 2.35 22.00 ± 2.36 3.23
AST (iu/l 107.00 ± 9.44 115.67 ± 10.0 114.33 ± 10.0 110.33 ± 9.98 117.00 ± 10.05 20.34

Table 4: Effect of organic acid treated drinking water on blood Serum chemistry indices of broilers.
CON: Control; AA: Acetic Acid; BA: Butyric Acid; CA: Citric Acid; FA: Formic Acid; ALP: Alkaline-Phosphates;  

ALT: Alanine-Aminotransferase; AST: Aspartate-Aminotransferase.

Bacterial load of gastrointestinal tract (GIT)

Effect of organic acids fed through drinking water on bacterial load in different segments of the gastrointestinal tract or the gut is 
shown in table 5 and 6. At the foregut (Table 5), total count, Salmonella, E. coli and Staphylococcus counts were significantly (P < 0.05) 
higher in control than in organic acid groups in all the segments of the foregut. In the hindgut (Table 6), the number of bacteria was sig-
nificantly (P < 0.05) highest in control in all the segments except in the large intestine. In the large intestine the number of E. coli in control 
group was significantly higher than in butyric acid but the same with the other organic acids. 

Segments T1 (CON)
(0%)

T2 (AA)
(0.25%)

T3 (BA)
(0.25%)

T4 (CA)
(0.25%)

T5 (FA)
(0.25%)

SEM

Crop
Total count (x104) 19.02a ± 2.10 9.85b ± 1.07 7.02c ± 1.02 3.82d ± 0.03 4.58c ± 0.04 5.09
Salmonella (x104) 9.32a ± 1.12 4.02b ± 0.05 3.42c ± 0.02 1.82e ± 0.01 2.25d ± 0.01 2.41

E. coli (x104) 2.55a ± 0.02 2.42b ± 0.15 1.82c ± 0.01 1.02e ± 0.01 1.22d ± 0.01 0.04
Staphylococcus (x103) 24.73a ± 2.52 11.99b ± 1.98 8.52c ± 1.89 5.12d ± 0.87 5.89e ± 0.88 4.52

Gizzard
Total count (x103) 11.12a ± 1.66 1.28c ± 0.02 1.48b ± 0.03 1.28c ± 0.02 1.48b ± 0.03 3.09
Salmonella (x103) 5.35a ± 0.06 0.65d ± 0.008 0.75c ± 0.008 0.65d ± 0.008 1.25b ± 0.01 1.01

E. coli (x103) 2.50a ± 0.13 0.30c ± 0.03 0.47b ± 0.04 0.30c ± 0.25 0.27c ± 0.02 0.11
Staphylococcus (x103) 1.98a ± 0.04 0.15c ± 0.002 0.17c ± 0.002 0.15c ± 0.002 0.18b ± 0.002 0.02

Duodenum
Total count (x103) 13.88a ± 2.05 1.18d ± 0.001 2.05b ± 0.03 1.58c ± 0.03 1.52c ± 0.03 2.11
Salmonella (x103) 1.85a ± 0.03 0.35d ± 0.01 0.95b ± 0.02 0.75c ± 0.02 0.71c ± 0.02 0.02

E. coli (x103) 1.05a ± 0.02 0.32d ± 0.006 0.55b ± 0.03 0.45c ± 0.03 0.42c ± 0.03 0.04
Staphylococcus (x103) 2.21a ± 0.01 0.19c ± 0.05 0.30b ± 0.02 0.25bc ± 0.02 0.23c ± 0.02 0.02

Table 5: Effect of organic acid treated drinking water on bacterial load at the foregut of broiler chickens
abcd: Means along the same row with different superscripts are significantly (p < 0.05) different. CON: Control;  

AA: Acetic Acid; BA: Butyric Acid; CA: Citric Acid; FA: Formic Acid.
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Segments T1 (CON) T2 (AA) T3 (BA) T4 (CA) T5 (FA) SEM
Ileum

Total count (x104) 1.82a ± 0.03 1.18b ± 0.03 0.22c ± 0.001 0.31c ± 0.002 0.25c ± 0.002 0.03
Salmonella (x103) 2.72a ± 0.03 0.55d ± 0.004 1.02c ± 0.01 1.38b ± 0.01 1.18c ± 0.01 0.02

E. coli (x103) 1.52a ± 0.02 0.32d ± 0.007 0.62c ± 0.007 0.75b ± 0.008 0.62c ± 0.007 0.01
Staphylococcus (x103) 3.05a ± 0.08 1.96b ± 0.04 0.36c ± 0.004 0.53c ± 0.006 0.42c ± 0.005 0.03

Caecum
Total count (x104) 6.45a ± 1.12 5.72b ± 1.04 5.42c ± 1.03 5.35c ± 1.03 5.55c ± 1.03 0.78
Salmonella (x104) 3.38a ± 0.87 1.92b ± 0.09 1.28c ± 0.63 1.18c ± 0.43 1.13c ± 0.07 0.09

E. coli (x104) 3.52a ± 0.03 3.12b ± 0.03 2.95c ± 0.03 2.92c ± 0.03 3.12b ± 0.03 0.12
Staphylococcus (x103) 6.65a ± 1.43 3.75b ± 0.93 2.64c ± 0.71 2.26d ± 0.68 1.16e ± 0.52 0.12

Large intestine
Total count (x104) 2.55a ± 0.08 1.05c ± 0.06 1.15b ± 0.07 0.95d ± 0.09 1.05c ± 0.09 0.03
Salmonella (x103) 11.17a ± 2.33 7.87b ± 1.07 7.67b ± 1.07 7.50b ± 1.07 7.00b ± 1.05 1.08

E. coli (x103) 2.45a ± 0.08 2.15ab ± 0.08 2.02b ± 0.07 2.18ab ± 0.07 2.15ab ± 0.07 0.07
Staphylococcus (x103) 4.74a ± 0.98 1.69c ± 0.06 2.21b ± 0.08 1.83bc ± 0.06 2.03bc ± 0.08 0.08

Table 6: Effect of organic acid treated drinking water on bacterial load at the hindgut of broiler chickens.
abcd: Means along the same row with different superscripts are significantly (p < 0.05) different.  

CON: Control; AA: Acetic Acid; BA: Butyric Acid; CA: Citric Acid; FA: Formic Acid.

Overall, the organic acids showed different capacities to reduce bacteria populations in different gut environment. In the crop for in-
stance, formic acid had greater capacity than butyric acid which in turn was better than acetic acid. In the gizzard, acetic and citric acids 
showed more capacity than others. In the duodenum it was acetic acid followed by both citric and formic acids while it was acetic, butyric 
and formic acids in the ileum. Butyric, citric and formic acids were better in caecum while in the large intestine there were no clear-cut 
capability of the acids to reduce bacteria population.

The result of bacteria population indicated that the organic acids in question were antibacterial in nature according to Paul., et al 
[22]. The capability of the organic acids to reduce bacteria population differently at various segments of the gut could be exploited. For 
instance, acetic acid could be fed if the target is to reduce bacteria population in the duodenum. Furthermore, it calls for feeding of more 
than one of such organic acids to take care of different segments of the gut. Similar bacteria load observed in the large intestine between 
acetic acid, citric acid, formic acid and the control could be that the concentration of the acids did reduce in the course of travelling down 
the gut according to Leeson., et al [6]. The ability of butyric acid to reduce the number of bacteria in the large intestine could be as a result 
of probable fermentation which could have occurred. Paap [23] noted that butyric acid was produced in the hindgut by fermentation. 
Organic acids have been recommended as water sanitizer and gut acidifier to reduce bacteria load [10,12,18,20,24].

Conclusion

The results of this work clearly showed that the test organic acids were antibacterial, had no deleterious effects on the haematological 
and blood chemistry parameters. Therefore, they could be incorporated into drinking water for broiler chickens.
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