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Abstract 

Feed additives are one of the most essential parts of broiler production. Feed additives such as citric acid and microbial 

phytase are usually used separately despite the theory that they can work together. In this study, 320 broiler Cobb were 

reared and then fed four different treatments. 10 birds were reared per pen and there were 8 replications per treatment. 
The birds were reared using normal broiler management and health management protocols. The growth parameters and 

mortalities were recorded after each growth period. Production cost and the market price during the duration of the 

experiment were used to assess profitability. Out of all the treatments, the combination of citric acid and microbial 
phytase gave the highest body weight, weight gain, second-lowest feed intake, best feed conversion ratio, and the highest 

profitability. Results indicated that there is a synergistic interaction with the combination of 3% citric acid and 500 U/kg 
microbial phytases. The concurrent supplementation produced a significant increase in the growth parameters and 

profitability. 
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Efek Penambahan Asam Sitrat dan Fitase Mikroba dalam Ransum terhadap 

Pertumbuhan Ayam Broiler 

Abstrak 

Pakan aditif adalah salah satu bagian terpenting dari produksi ayam pedaging. Pakan aditif seperti asam sitrat dan 
fitase mikroba biasanya digunakan secara terpisah meskipun ada teori yang menyatakan bahwa mereka dapat 

digunakan bersama. Dalam penelitian ini, 320 ekor ayam broiler dipelihara dan diberi pakan empat perlakuan berbeda 

dengan 8 ulangan dengan 10 ekor ayam per kandang. Ayam broiler Cobb dipelihara dengan manajemen ayam pedaging 
normal dan protokol manajemen kesehatan. Parameter pertumbuhan dan kematian dicatat setelah setiap periode 

pertumbuhan. Biaya produksi dan harga pasar selama percobaan digunakan untuk menilai profitabilitas. Dari semua 

perlakuan, kombinasi asam sitrat dan fitase mikroba memberikan bobot badan tertinggi, pertambahan bobot badan, 
konsumsi pakan terendah kedua, rasio konversi pakan terbaik, dan profitabilitas tertinggi. Hasil penelitian 

menunjukkan bahwa terdapat interaksi sinergis dengan kombinasi asam sitrat 3% dan fitase mikroba 500 U/kg. 
Suplementasi bersamaan menghasilkan peningkatan yang signifikan dalam parameter pertumbuhan dan profitabilitas. 

Kata kunci: broiler, fitase mikroba, asam sitrat, performa produksi, profitabilitas 

Introduction 

Global food consumption is increasing as 

the population continuously increases and this 

led to higher demands for animal protein (Van 

Huis, 2013). Moreover, the inclusion of the ban 

on antibiotics in the European Commission 

Regulation (No.1831/2003) stopped the use of 

antibiotics as growth promoters due to their 

dangers. Consequently, this created a search for 

alternative growth promoters to maintain and 

improve broiler production. Feed additives are 

a wide array of substances that improves the 

performance of broilers. It can be categorized 

as antioxidants, enzymes, probiotics, 

prebiotics, synbiotics, antimicrobials, organic 

acids, coccidiostats, mycotoxin binders, 

immunomodulators, hen egg antibodies, 

hormones, beta-agonist, methane inhibitors, 

defaunating agents, essential oil, and herbal 

feed additives (Singh, 2015). Organic acids 

have been used as preservatives for decades, 

but it is also one of the alternatives that 

produced promising results as a growth 

promoter (Khan and Iqbal, 2015).  

Organic acids are used as sanitizing agents 

to prevent bacterial infection in animals. In 

addition, organic acids such as citric acid have 

been reported to increase the feed conversion 
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ratio in broiler chickens due to their ability to 

increase the solubility of feeds and modify 

gastrointestinal pH (Nourmohammadi et al., 

2012). Although organic acids are well known 

for their antimicrobial properties, they also 

enhance the performance of birds in ways such 

as the increase in digestion and absorption of 

nutrients, improvement in crypt-villus 

structure, and stimulation of secretions of the 

digestive tract in various ways (Al-Kassi and 

Mohssen, 2009). One of the most commonly 

available organic acids is citric acid.  

Enzymes are also important to feed 

additives that greatly increase feed efficiency. 

During the 1970s, there have been studies about 

the use of phytases in improving phosphorus 

availability from plant-based feeding materials 

(Ravindran, 2013). It was another decade 

before its quantity became commercially 

sustainable for use. That the result of 

groundbreaking innovations in the 

biotechnology field made the production of 

enzymes cheap enough to be commercially 

distributed (Ravindran, 2013). One of these 

enzymes is the microbial phytase which is now 

widely available on the market.  

According to Boling et al. (2000), citric 

acid and microbial phytase are hypothesized to 

have some, if not additive, synergistic effects 

on the utilization of phosphorus in broilers. 

Microbial phytase has been observed to have 

higher enzymatic activity in the range of pH 2.5 

– 5.5 (Tran et al., 2011). Concurrent 

supplementation of microbial phytase and citric 

acid is theorized to increase the digestibility of 

minerals attached to phytic acid 

(Nourmohammadi et al., 2011; Karami et al., 

2020). Adding increasing levels of Phytase to 

diets, particularly at high doses, improved tibia 

bone ash and P contents (Farhadi et al, 2017) 

Because of the increasing demand for food 

sources due to the rapid increase in the global 

population, increase efficiency in the 

production of food such as broiler are needed to 

address the increasing need. A wide array of 

feed additives is being used to improve 

efficiency (Hofmann et al., 2022). The addition 

of 3% citric acid and 500 U/kg of microbial 

phytase and their combination showed great 

promise in improving growth parameters and 

profitability in the quails (Hezaveh et al., 2020).  

This study hypothesized that citric acid 

and microbial phytase supplementation would 

increase the efficiency of broiler chicken and 

the combination of these two additives would 

act synergistically to improve growth 

performance, nutrient utilization, bone 

mineralization, and gut health in the broiler 

chicken. This study aimed to investigate the 

synergistic effect of concurrent 

supplementation of citric acid and microbial 

phytase in a conventional production broiler 

production system.  

Materials and Methods 

All procedures performed on domestic 

chickens were approved by the Institutional 

Animal Care and Use Committee (IACUC) of 

the College of Veterinary Medicine, University 

of the Philippines Los Baños (UPLB). 

 

Feeding Management 

The study employed four corn-soybean 

meal-based diets. Diets of the booster, broiler 

starter, and broiler finisher were formulated 

according to the feeds available in the market. 

All feeds that were used in this study have their 

respective inclusion rates of the enzyme as per 

the recommendation of the manufacturer. With 

T1 as the control group, the study employed the 

following corn-soybean meal-based diets: T1 = 

basal diet without citric acid and enzyme 

supplementation; T2 = basal diet with 3% citric 

acid; T3 = basal diet with 500 U/kg of microbial 

phytase; T4 = basal diet with 3% citric acid and 

500 U/kg of microbial phytase. 

All the broiler birds were subjected to the 

same practices. Ad libitum feeding was done 

using feeders, and a steady supply of water was 

provided. The birds were fed booster, starter, 

and finisher diets were prepared by citric acid 

and microbial phytase as top dressing of the 

basal diet at day 0 to 10, day 11 to 21, and day 

22 to 35, respectively as shown in Table 1. The 

systems followed are normal farm broiler 

management and health management protocols. 
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Table 1. Nutrient composition (%) of broiler basal diets used in the experiment 
Item Basal booster Basal starter Basal finisher 

Ingredients (%)    

Corn 52.2 55.9 61.7 

Soybean meal 34.1 31.6 27.2 

Wheat bran 2.7 2.5 2.1 

Corn gluten meal 4.5 3.8 2.9 

Limestone 1.1 1.0 1.0 

Salt 0.25 0.25 0.25 

Dicalcium phosphate 1.3 1.25 1.1 

L-Lysine 0.1 0.1 0.1 

DL-Methionine 0.25 0.2 0.15 

Premix 1.0 1.0 1.0 

Nutrient composition    

ME (kcal/kg) 3052 3104 3154 

CP (%) 23.1 21.3 19.4 

Lysine (%) 1.22 1.1 1.0 

 

Experimental Design 

A total of three hundred twenty (320) 

vaccinated Cobb day-old chicks from a 

commercial hatchery were used in the study. 

The birds’ growth parameters were measured in 

groups of ten birds that were randomly 

distributed to 32 pens (2x1 m2) with feeder and 

drinker for 35 days. The four treatments were 

randomly distributed to 32 pens following a 

completely randomized design (CRD) with 

eight replications. 

 

Data collection 

The initial chick weight was determined by 

weighing 10 chicks and recording the average 

of their weight. The growth performance was 

monitored per period while the survivability 

was monitored daily throughout the 

experimental period. The live weight gain was 

determined by subtracting the final weight by 

the initial chick weight per replicate per 

treatment (gram). The feed intake was collected 

by dividing the total feed consumed by the 

number of birds per replicate per treatment 

(gram). The weight gain was determined by 

subtracting the final weight by the initial chick 

weight per replicate per treatment (gram), and 

feed conversion ratio (FCR) were computed at 

the end of each growth period.  

All the measurements were recorded on a 

pen basis and by using high-precision 

electronic scales. The number of birds was 

recorded all throughout the experiment and any 

dead birds were counted to determine the 

mortality rate of each treatment The 

profitability was assessed using the income 

over feed and chick cost (IOFCC). The cost of 

chick and feed consumed were recorded with 

the price being the average price during the 

duration of the experiment. In the same manner, 

the final weight, and the market price during the 

duration of the experiment were also recorded. 

Data were analyzed using the General 

Linear Model with P < 0.05. The collected data 

were subjected to Analysis of Variance 

(ANOVA). The means of the treatment groups 

were compared using Tukey’s Honest 

Significant Difference Test.  

Results and Discussion 

The average body weights, feed intake, 

body weight gain, feed conversion ratio, and 

mortalities for each growth period of the birds 

fed with different combinations of basal diets 

with citric and microbial phytase are shown in 

Table 2. The average initial chick weight of the 

different treatments ranged from 40.3- 40.4 g, 

and analysis showed that the initial body 

weights were homogenous. The initial weight 

of each treatment did significantly differ from 

one another (P ≤0.05). On days 10th, 21st, and 

35th, the average total body weight of the 

different treatments showed that the T2, T3, and 

T4 were significantly heavier than the birds of 

the control group (T1) (P ≤0.05). On the other 

hand, T3 and T4 were significantly heavier than 

the birds of T2, and T4 was significantly 

heavier than the birds of T3 (P ≤0.05).  

Feed additives such as citric acid and 

Microbial phytase increase the efficiency of 

broiler production. It results in to increase in 

weight gain and a decrease in feed conversion 

ratio. Citric acid and microbial phytase are 

usually used separately even if their properties 

are theoretically compatible in combination. In 
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this study, the most efficient treatment was the 

combination of 3% citric acid and 500 U/kg 

microbial phytases. Ceylan et al., (2012) 

reported that broilers with low phosphorus 

concentration due to a lack of phytase 

supplementation had reduced feed consumption 

and poorer growth performance which was 

consistent with the results of this experiment. 

According to Boling et al. (2000), citric acid 

and microbial phytase have some, if not 

additive, synergistic effect on the utilization of 

phosphorus in broilers that leads to increased 

growth performance. 

The results for the supplementation of 

citric acid coincide with Chowdhury et al. 

(2009) and Khooshechin et al. (2015), where 

there is an increase in weight gain and feed 

intake. The addition of citric acid decreased the 

pH of the broiler feed and improved the 

immune status of the birds. Moreover, the 

increased growth response observed from the 

citric acid supplementation in this study is also 

in agreement with the results reported by 

Abdel-Fattah et al. (2008), where the addition 

of organic acids such as dietary citric acid, 

acetic acid, or lactic acid improved the live BW 

of broilers in contrast to those without 

supplementation. On the other hand, Nezhad et 

al. (2007) reported that supplementation of 

citric acid had no significant effect on feed 

intake. The increased performance may be 

attributed to the citric acid’s effect on 

increasing phosphorus availability 

(Khooshechin et al., 2015). Afsharmanesh et al. 

(2005), reported that the inclusion of 0.5% 

citric acid increased the body weight gain, feed 

intake, and feed conversion ratio which is 

consistent with the finding of this research. 

 

Table 2. Average Body Weight, Feed Intake, Body Weight Gain, Feed Conversion Ratio, and 

Mortalities from All Stages of Production 
Production Stage 

(Days) 
T1 T2 T3 T4 

Average Body Weight (g) 

0 40.4±0.11 40.3±0.11 40.3±0.23 40.3±0.15 

10 296.0±5.60a 306.5±4.47b 311.8±5.11b 312.1±8.20b 

21 909.8±3.96a 935.4±8.51b 940.6±11.65b 947.5±11.43b 

35 1688.4±14.98a 1727.6±17.31b 1775.3±22.31c 1804.5±31.83c 

Average Feed Intake (g) 

0-10 303.1±11.43 304.6±5.00 302.7±5.89 304.3±9.99 

10-20 971.8±11.11 982.1±6.90 975.5±13.93 974.1±10.53 

21-35 1973.9±12.81a 1962.1±15.70ab 1940.6±28.52b 1942.4±24.69b 

0-35 3250.3±16.12a 3248.0±12.99ab 3217.6±31.96c 3219.8±21.57bc 

Weight Gain (g) 

0-10 255.6±5.57a 266.2±4.54b 271.5±5.19b 271.83±8.07b 

10-20 613.8±7.91a 628.9±9.22ab 628.9±14.92ab 635.38±13.36b 

21-35 778.6±16.01a 792.3±19.19a 834.6±31.66b 857.0±39.33b 

0-35 1684.0±14.97a 1687.3±17.33b 1735.0±22.45c 1764.2±31.9c 

Feed Convertion Ratio 

0 1.19±0.05a 1.14±0.02ab 1.11±0.03b 1.12±0.04b 

10 1.58±0.02a 1.56±0.02ab 1.55±0.05ab 1.53±0.03b 

21 2.54±0.06a 2.48±0.05a 2.33±0.07b 2.27±0.11b 

35 1.97±0.02a 1.93±0.02b 1.85±0.02c 1.83±0.04c 

Mortalities (%) 

0-10 0 0 0 0 

10-20 0 0 0 0 

21-35 0 0 0 0 

0-35 0 0 0 0 
a b ccolumn means with different superscripts significantly difference (P<0.05) 

 

The average weight gain for each growth 

period of the birds fed with different 

combinations of basal diets with citric and 

microbial phytase are shown in Table 1. On 

days 0 to 10, the average weight gain of the 

birds fed with different treatments observed 

that T2, T3, and T4 have significantly higher 

weight gain than the birds of T1 (P ≤0.05). 

From day 11th to 21st, T4 have significantly 

higher weight gain than the birds of T1 (P 

≤0.05). On days 21 to 35, T3 and T4 have 

significantly higher weight gain than the birds 
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of T1 and T2 (P ≤0.05). On the whole operation 

from day 0 to day 35, T2, T3, and T4 have 

significantly higher weight gain than the birds 

of T1, while T3 and T4 have significantly 

higher weight gain than the birds of T2 (P 

≤0.05). 

The average feed consumption for each 

growth period of the birds fed with different 

combinations of basal diets with citric and 

microbial phytase are shown in Table 1. There 

were no significant differences on days 0 and 

10. However, on day 21, the average feed 

consumption of the different treatments 

demonstrated that T3 and T4 have significantly 

lower feed consumption than T1, and T3 has 

significantly lower feed intake than T2 (P 

≤0.05). On the 35th, T3 and T4 have 

significantly lower feed consumption than T1, 

while T3 has significantly lower feed intake 

than T2 (P ≤0.05).  

Feed consumptions were lower with 

treatments containing enzymes and even lower 

for the combined organic acid and enzyme. 

This can be attributed to the ability of organic 

acid to increase digestion and absorption of 

nutrients, improvement in crypt-villus 

structure, and stimulation of secretions of the 

digestive tract (Omogbenigun et al., 2003). One 

of the commonly used organic acids in the 

poultry industry is citric acid (Al-Kassi and 

Mohssen, 2009). Moreover, the microbial 

phytase further supported the results of the 

current 10 experiments since it stimulates the 

utilization of bound phosphorus present in 

phytic acids of basal diets (Oatway et al., 2001). 

Chowdhury et al. (2009), reported that 

supplementation of citric acid increased the 

feed intake of broilers which is in line with the 

results of this experiment. Dos Santos et al. 

(2013), and Gautier et al. (2018), both reported 

an increase in feed intake for phytase 

supplementation which is consistent with the 

findings of this experiment. 

The average feed conversion ratio for each 

growth period of the birds fed with different 

combinations of basal diets with citric and 

microbial phytase are shown in Table 1. On day 

10, the average FCR of the different treatments 

was analyzed and T4 has significantly better 

FCR than the birds of T1(P ≤0.05). On the 21st 

day, T3 and T4 have significantly better FCR 

than the birds of T1 and 2 (P ≤0.05). On the 

other on day 35, T2, T3, and T4 have 

significantly better FCR than the birds of T1, 

while T3 and T4 have significantly better FCR 

than the birds of T2 (P ≤0.05). 

The feed conversion ratio of the treatments 

containing microbial phytase was better. 

Microbial phytase is known to help in 

increasing mineral availability in feeds 

(Nourmohammadi et al., 2011). The FCR of the 

concurrent supplementation of citric acid and 

microbial phytase were even higher since citric 

acid’s pH is in the range of 3-5 (Waseem et al., 

2016), which increases the enzymatic activity 

of microbial phytase which is higher at the 

range of pH 2.5 – 5.5 (Tran et al., 2011). 

Moreover, concurrent supplementation of 

microbial phytase and citric acid is theorized to 

increase the digestibility of minerals attached to 

phytic acid (Nourmohammadi et al., 2011). The 

concurrent supplementation of the organic acid 

and enzyme increases the availability of 

nutrients for the birds’ use. The improvement in 

the growth performance such as body weight is 

consistent with the results of the works 

published by Santos et al. (2008) that observed 

better performance with the addition of phytase. 

The addition of phytase led to increased 

utilization of nutrients, protein, minerals, and 

energy in the poultry diet. In contrast to the 

results of the experiment, Gautier et al., (2018) 

reported that there was no increase in gain to 

feed ratio due to phytase supplementation. Dos 

Santos et al. (2013), reported results that are 

more in line with the result of this experiment, 

that there is an improved gain to feed ratio with 

the inclusion of phytase, the difference of 

which may be attributed to management 

practices, environmental conditions, bird 

genetics, and feed ingredients. 

The results of increased body weight 

coincide with the results of phytase 

supplementation by Gautier et al. (2018), 

phytase supplementation increased the body 

weight of broiler birds but there was no increase 

in feed efficiency. The result that phytase 

supplementation increased BW gain of birds, it 

must also be noted that those results were 

observed regardless of dietary mineral 

concentration, which is due to the ability of this 

exogenous phytase in the liberation of nutrients 

and minerals from phytate. 

Among all treatments, the basal diet with 

the combination of citric acid and microbial 

phytase has shown a consistently good weight 

gain, feed intake, survivability, and feed 

conversion ratio. Along with the growth 

parameters, it also showed the highest 
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profitability. The concurrent supplementation 

is an effective combination that increases the 

production performance and profitability of 

broilers. This is consistent with the findings of 

Nezhad et al. (2011), where there was a 

significant interaction between citric acid and 

microbial phytase that increase the digestibility 

of Calcium and Phosphorus. This can be 

attributed to the ability of citric acid to increase 

the utilization of P (Brenes et al., 2003), while 

microbial phytase increased the digestibility of 

P (Nezhad et al., 2011). Moreover, Deepa et al. 

(2011) and Nourmohammadi et al. (2010), 

reported that concurrent supplementation of 

citric acid and microbial phytase increases body 

weight gain, and feed conversion ratio which is 

consistent with the current experiment. In 

contrast, Woyengo et al. (2010) reported that 

the addition of citric acid to phytase-

supplemented diets did not affect body weight 

gain, but the researchers also mentioned that the 

addition of citric acid to low-P and Ca broiler 

diets can improve nutrient digestibility and 

retention. The difference in findings may be 

attributed to the concentration of no phytate 

phosphorus present in the basal diet. Snow et al. 

(2004), reported that there is improved growth 

performance and bone mineralization in 

concurrent supplementation of citric acid and 

microbial phytase on low phosphorus broiler 

diets. 

The number of birds from the start was the 

same until the end (Table 2) of the experiment. 

Since there were no recorded mortalities, all 

treatments have 100% survivability. The 

profitability of Philippine Peso (PhP) (Table 3) 

was computed afterward, and it was shown that 

the income over feed and chick cost of T4 is the 

highest with PhP 34.995 followed by PhP 

33.958 (T3), PhP 30.694 (T2), and PhP 28.956 

(T1). 

 

Table 3. Income Over Feed Cost 
Parameters T1 T2 T3 T4 

Chick cost 27.00 27.00 27.00 27.00 

Feed intake cost 62.23 63.24 63.31 64.32 

Average Live 

Weight 

1688.38 1727.63 1775.25 1804.05 

Live Weight 70.00 70.00 70.00 70.00 

Price 118.19 120.93 124.27 126.32 

IOFCC 28.96 30.69 33.96 35.00 

IOFC = Income Over Feed Cost; a b ccolumn means with different superscripts significantly difference (P<0.05) 

 

In a farm setting with a higher scale of 

operation, 100% survivability is nearly 

impossible to achieve. It only implies that the 

treatments are not associated with the 

survivability of the broiler birds. Survivability 

still depends on proper management. However, 

in the study of Waldroup et al. (1999) and 

Vieira et al. (2008), results showed that birds 

that had a deficiency in phosphorus and lack of 

phytase supplementation resulted to higher 

mortality which is different from the results of 

the experiment that suggest that there is no 

association between survivability and the 

treatments. 

In this study, there is high income over 

feed and chick cost in the combination. The 

additional cost from microbial phytase and 

citric acid is negligible in comparison to the 

profit gained from its addition. In the setting of 

conventional farming, this study has a high 

potential to help backyard broiler farmers 

increase their profit. 

Conclusion  

In conclusion, the combination of 500U/kg 

Microbial Phytase and 3% citric acid had 

shown consistent results in its growth 

parameters, survivability, and profitability. 

Based on this result, the citric acid-microbial 

phytase treatment has yielded more than just the 

individual supplementation of citric acid or 

microbial phytase. There was a synergistic 

interaction between the citric acid and 

microbial phytase that led to the increase in 

body weight gain, feed intake, feed conversion 

ratio, and profitability. 
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