
Advances in Animal and Veterinary Sciences

January 2025 | Volume 13 | Issue 1 | Page 131

Research Article

Abstract | This study aims toevaluatethe effects of adding probiotics and acidifiers to feed as alternatives to antibiotic growth 
promoters (AGP) in broiler chickens infected with Avian Pathogenic Escherichia coli (APEC) concerning body weight, feed 
efficiency, meat quality, cholesterol, HDL, and LDL levels in chicken meat. Research method: preparation of experimental animals 
in vivo. The use of probiotics and acidifiers is used as a potential solution to improve intestinal health and optimize nutrient 
absorption.  This study employed a Completely Randomized Design, consisting of six treatments, each with five replications, with 
each replication including two chickens, resulting in a total of sixty chickens used.  The treatments are as follows: P0 = Broiler 
chickens without E. coli infection (Control -); P1 = Broiler chickens infected with E. coli (Control +); P2 = Broiler chickens infected 
with E. coli + AGP; P3 = Broiler chickens infected with E. coli + Probiotics; P4 = Broiler chickens infected with E. coli + acidifiers; 
P5 = Broiler chicken infected with E. coli + Probiotics + acidifiers. The observed variables included body weight, feed efficiency, 
cholesterol, HDL, and LDL levels in broiler chicken meat.  The data obtained were then analyzed statistically using one-way 
Analysis of Variance (ANOVA). If the results were significantly different (p < 0.05), Duncan's multiple range test was conducted. 
The results indicated that the addition of probiotics and acidifiers could increase body weight, enhance feed efficiency, and reduce 
cholesterol, LDL and improve HDL levels, all with significant effects (p < 0.05).
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INTRODUCTION

Poultry meat is a primary source of animal protein nec-
essary to meet global protein needs. The primary chal-

lenge in increasing broiler chicken production is low feed 
efficiency and disruptions in digestive system metabolism 
caused by pathogenic microorganisms, such as Escherichia 
coli, which inhibit growth and compromise health.  Coli-
bacillosis is a disease caused by the pathogenic bacteria 
Avian Pathogenic Escherichia coli (APEC) and can lead to 
significant economic losses for the poultry industry globally  
(Ridhana et al., 2021). In young broiler chickens, this in-
fection is characterized by airsacculitis and polyserositis 
(including pericarditis, perihepatitis, and peritonitis), lead-
ing to high mortality in the first week, poor animal welfare, 
and economic losses for farmers  (Kravik et al., 2022; Ku-
mari et al., 2023). 

In accordance with Law Number 18 of 2009 Juncto Num-
ber 41 of 2014 concerning Animal Husbandry and Animal 
Health, Article 22, Paragraph 4C, which prohibits the use 
of feed mixed with certain hormones and/or antibiotic feed 
additives, there is an opportunity to develop alternatives to 
Antibiotic Growth Promoters (AGP).  One of the innova-
tive feed additives to replace AGP is the use of probiotics, 
which can enhance immunity and livestock production. 
Another potential feed additive is acidifiers, which are ben-
eficial for growth performance, meat quality, and the diges-
tive health of broilers (Gao et al., 2021). The use of these 
two feed additives could serve as an alternative to AGP for 
controlling pathogenic microbes and maintaining optimal 
livestock productivity  (Sirisopapong et al., 2023).

Probiotics are feed additives in the form of live and 
non-pathogenic microorganisms that are beneficial for 
improving the balance of microbes in the digestive tract, 
thereby increasing the efficiency and digestibility of feed. 
Several types of probiotics that have been used to enhance 
livestock growth performance include the probiotic Lac-
tobacillus casei WB 315 . (Yulianto et al., 2020; Yulianto 
et al., 2024), Lactobacillus acidophilus, Lactococcus lactis, Bi-
fidobacterium spp, Lactobacillus rhamnosus (Lokapirnasari et 
al., 2019; Lokapirnasari et al., 2022; Lokapirnasari et al., 
2020; Lovela et al., 2023; Kirana et al.,2024) and Pedio-
coccus pentosaceus ABY 118 to modulate the immune re-
sponse (Yulianto et al., 2021). The characteristics of Lacto-
bacillus sp. include creamy white colonies, catalase-negative, 
Gram-positive, rod-shaped morphology  (Sirisopapong et 
al., 2023). Lactobacillus acidophilus affects cholesterol, HDL 
and LDL content (Lokapirnasari et al., 2020). The use of 
Lactobacillus sp shows the effect of lowering cholesterol lev-
els  (Ali et al., 2022). Even though cholesterol is essential 
for the formation of body tissue, hypercholesterolemia is 
one of the causes of coronary heart disease (CHD)  (Sug-
iyama et al., 2020). Several studies have demonstrated the 

positive effects of using the probiotics Lactobacillus casei 
and Lactobacillus rhamnosus on total cholesterol, low-densi-
ty lipoprotein (LDL), and high-density lipoprotein (HDL) 
levels in broiler chickens  (Andriani et al., 2020). 

Acidifiers (organic acids) are important feed additives for 
poultry as alternatives to AGP. Organic acids can serve as 
carbon and energy sources for microorganisms or as inhib-
itory agents, depending on the concentration of the acid, 
its ability to enter cells, and the capacity of the organism 
to metabolize the acid  (Pearlin et al., 2020). The antibacte-
rial function of organic acids involves several mechanisms, 
including the lowering of pH, which creates an acidic en-
vironment that is incompatible with bacteria. In addition, 
organic acids can penetrate bacterial cell membranes and 
disrupt their integrity, leading to the loss of essential nu-
trients or the disruption of cellular metabolic processes  
(Scicutella et al., 2021). Acidifiers have the potential to in-
crease nutrient utilization, alter intestinal pH, and inhibit 
the growth of pathogenic microorganisms in the digestive 
system  (Melaku et al., 2021; Hamidifard et al., 2023; Okey, 
2023). The use of acidifiers in drinking water can suppress 
pathogenic bacteria and optimize the performance of broil-
er chickens  (Zhang et al., 2022). Benzoic acid as an acidi-
fier can replace antibiotics to improve growth performance, 
enhance antioxidant properties, facilitate nutrient absorp-
tion, and help balance intestinal flora in broiler chickens  
(Wang et al., 2020).

Therefore, the present study was conducted to investigate 
the effects of probiotics and acidifiers on body weight, feed 
efficiency, cholesterol, HDL, and LDL levels in broiler 
chickens infected with Escherichia coli .

MATERIALS AND METHODS

Ethical Clearance
This study has received approval from the Universi-
tas Airlangga University Ethics Study Team via a let-
ter from the Chair of the Ethics Review Team, number 
1.KEH.017.01.2024. The treatments in this study use pro-
biotics and acidifiers as safe feed additives, which possess 
positive and beneficial characteristics, and do not cause 
pain to the test animals. 

Study Location and Period
This study was conducted at the Faculty of Veterinary 
Medicine, Universitas Airlangga, from March to July 2024. 

Animals, Experimental Design and Treatment
The first stage involves the reculturing of probiotic isolates. 
Probiotic isolates are grown on MRSA and MRSB media 
under facultative aerobic conditions for 24 hours at 37ºC. 
The probiotic isolates used were obtained from a collec-
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tion of isolation and identification results based on the re-
searcher’s roadmap. The second stage involves the formula-
tion of acidifiers, which is carried out independently.  All 
ingredients consisting of fumaric acid, lactic acid, DL malic 
acid, citric acid monohydrate are weighed according to the 
formulation, mixed until homogeneous. The third stage: 
Preparation of Experimental Animals. Disinfection one 
week before the DOC arrives. On the first day, day-old 
chicks (DOC) are given drinking water mixed with 3% 
sugar. Feeding according to the manufacturer’s recommen-
dations for the Lohmann strain of chickens, and drinking 
is provided ad libitum for 5 weeks (35 days). After a one-
week DOC adaptation period, 60 broiler chickens were di-
vided into 6 treatments with 5 replications, each containing 
2 broiler chickens. The treatments carried out were:

P0: Broilers without APEC infection (control -).
P1: Broilers infected with APEC (control +).
P2: Broilers infected with APEC + standard drink + (feed 
+ AGP (Zinc Bacitracin 0.1%).
P3: Broilers infected with APEC + standard feed + (drink 
+ probiotic 0.5%).
P4: Broilers infected with APEC + standard drink + (feed 
+ acidifiers 0.5%).
P5: Broilers infected with APEC + (drink + probiotic 
0.5%) + (feed + acidifiers 0.5%).

Chickens were infected with Avian Pathogenic Escherichia 
coli (APEC) orally with concentration 108 CFU/ml at 21 
days of age. Provision of probiotics in the form of Lacto-
bacillus sp. was provided at a dose of 0.5%, based on the 
optimal dosage identified in the study by Lokapirnasari et 
al. (2024). The administration of the probiotics was car-
ried out by measuring 0.5% of the probiotics based on the 
amount of drinking water provided, then mixing it with the 
water before administration. 

The AGP (zinc bacitracin) is administered at the time of 
feeding at a dose according to the recommended packaging 
(1 kg/ton of feed). The AGP is then mixed into the feed 
before being given. 

The acidifier is administered to broiler chickens at a dose 
of 0.5%, which is the optimal dosage according to research 
conducted by Lokapirnasari et al. (2024). Specifically, the 
best dose of the acidifier (fumaric acid, citric acid monohy-
drate, lactic acid, D-L malic acid) for chickens is 0.5% of the 
feed. The acidifier is mixed into the broiler chicken feed and 
administered for 28 days (from 8 days to 35 days of age) .

Probiotics, acidifiers, and AGP are administered daily 
starting from 8 to 35 days of age through drinking water 
and by mixing AGP into the feed. Chickens are infected 
orally with APEC at a dose of 108 CFU/ml at 21 days of 
age. Data collection is conducted at the end of each re-

search week, and samples of broiler chicken meat are taken 
at 35 days of age.  

Data Collection
The data on body weight and feed efficiency were collected 
every week. The analysis of cholesterol, HDL, and LDL 
was conducted at the end of the treatment. Filtrate extrac-
tion was performed for each treatment, and two meat sam-
ples were taken for each repetition. Cholesterol, HDL, and 
LDL levels were measured using a spectrophotometer  (Li 
et al., 2019; Jaya et al., 2019).

Statistical Analysis
Data were analyzed using analysis of variance (ANOVA). If 
a significant difference is found, Duncan’s Multiple Range 
Test is conducted at a significance level of 0.05. 

RESULTS AND DISCUSSION

Body Weight
Based on the statistical analysis results, there is a significant 
difference (p < 0.05) between treatments affecting broiler 
body weight, as listed in the table below. 

Based on the research results (Table 1), which were 
statistically tested using SPSS software, it was determined 
that the ANOVA results for the treatments given in the 
first and second weeks showed statistically non significant 
results (p > 0.05).  However, when tested against a negative 
control group (without E. coli infection; P0: 743.00 g/
head), there was a significant difference in final body weight 
among groups P5 (802.00 g/head), P3 (803.40 g/head), 
and P4 (813.60 g/head). In the second week of treatment, 
a significant difference in final body weight was observed 
in groups P2 (1251.80 g/head), P5 (1275.00 g/head), 
P3 (1293.40 g/head), and P4 (1303.00 g/head).  During 
the third week of treatment, the results were statistically 
significant (p < 0.05). The treatment groups P1 (1671.00 
g/head), P3 (1993.00 g/head), and P4 (2025.00 g/head) 
differed significantly from the negative control group (P0: 
1798.20 g/head). 

This research shows that the addition of an acidifier mixture 
has a positive impact on broiler performance. Acidifier 
can positively influence growth by reducing the acidity 
of feed and the intestine, eliminating harmful microbes 
sensitive to low pH, or selectively increasing Lactobacillus. 
Furthermore, the acid condition in digestive system can 
slow down stomach emptying, providing more time for 
nutrient digestion in the intestine.  This result of research 
in accordance with Kumari et al. (2023) statement, that 
adding acidifier inside feed can increase the average daily 
gain (ADG) or increase body weight and reduce broiler 
feed conversion ratio (FCR). It is also stated that acidifier 
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supplementation at a dose of 0.1 g/kg can enhance the 
performance of broilers compared to the administration of 
antibiotics.  

Table 1: Body Weight in broilers treated with probiotics 
and acidifiers.
Duration of Treat-
ment (Weeks)

Treatment 
Groups

Mean ± SD
(g/head)

P-Value

1st P0 743.00a ± 46.45 0.178
P1 772.60ab ± 42.32
P2 791.00ab ± 56.06
P3 803.40ab ± 37.09
P4 813.60b ± 50.82
P5 802.00ab ± 30.94

2nd P0 1195.80ab ± 102.71 0.007
P1 1167.60a ± 32.50
P2 1251.80ab ± 108.03
P3 1293.40b ± 68.42
P4 1303.00b ± 79.26
P5 1275.00ab ± 98.30

3rd P0 1798.20b ± 83.81 0.000
P1 1671.00a ± 69.68
P2 1723.00ab ± 49.70
P3 1993.00c ± 117.56
P4 2025.00c ± 116.40
P5 1801.00b ± 64.07

Average P0 1245.60ab ± 59.16 0.000
P1 1203.80a ± 28.91
P2 1255.20ab ± 57.15
P3 1363.00c ± 20.87
P4 1380.40c ± 79.73
P5 1292.40b ± 29.65

Note: (a,b,c) Different superscript letters within a column 
indicate statistically significant differences between 
treatment groups (p < 0.05).

Group P3 also showed good growth, with a final body 
weight of approximately ±1993.00 g/head, indicating 
that this treatment is effective, although not as effective 
as P4 (±2025.00 g/head). The control group (P0), without 
infection, showed a lower weight (±1798.20 g/head) 
compared to the group receiving the treatment. This 
indicates that the feed additive can have a positive impact 
on growth, even in the presence of infection.  Acidifiers 
can improve the quality of villi intestine in chicken, 
particularly in terms of villi height. The increase in villi 
height in the small intestine of broiler chickens is closely 
related to enhanced digestive and absorption functions due 
to the expansion of the absorption area. This increase in 
villi height reflects the efficiency of the nutrient absorp-
tion system throughout the body, benefiting the host. 

Therefore, the addition of acidifiers to broiler chicken feed 
can maximize nutrient absorption and increase body weight.  
Setyoko et al. (2020) stated that pH changes, supported by 
the addition of the papain enzyme as a proteolytic enzyme, 
can increase protein digestion and absorption because 
proteases work more effectively under low pH conditions. 
Optimal protein absorption will positively impact the 
improvement of broiler carcass weight. 

Overall, the results in the broiler body weight table 
indicate that treatment with acidifiers and probiotics can 
enhance the growth performance of broiler chickens, even 
in the presence of E. coli infection.  This emphasizes the 
importance of using appropriate feed additives to improve 
growth performance and chicken health while reducing 
the negative impact of infections. This research provides 
valuable insights for developing more effective feeding 
strategies in the chicken farming industry. 

Feed Efficiency 
Based on the statistical analysis results, there is a significant 
difference (p < 0.05) between treatments regarding feed ef-
ficiency, as listed in the table below. 

From the feed efficiency Table 2, it is clear that the group 
receiving the treatment combination of probiotics and 
acidifiers (P5) demonstrates the highest feed efficiency, 
with an average final feed efficiency of 64.21%. This indi-
cates that this combination is very effective in maximizing 
feed use for weight gain. Group P4 also showed good feed 
efficiency, with an average final feed efficiency of 69.05%. 

Group P0 has lower feed efficiency (65.17%), indicating 
that although it is not infected, its feed efficiency is not 
as good as that of the group receiving the treatment. This 
demonstrates that feed additive can have a positive impact 
on feed efficiency.  From the analysis results, it appears that 
the group receiving AGP (P2) had moderate feed efficien-
cy, with an average final feed efficiency of 58.17%. This in-
dicates that although AGP can contribute to growth, its ef-
fectiveness in maximizing feed use is not comparable to the 
combination of probiotics and acidifiers.  Group P1 shows 
lower efficiency (61.46%) compared to the groups that are 
not infected, confirming that chicken health significantly 
influences feed efficiency.

This research result shows that the use of probiotics and 
acidifiers can significantly increase feed efficiency in broil-
ers. The use of probiotics as feed additives can improve 
growth performance in poultry. Probiotics and acidifiers 
can acidify the digestive tract, thereby lowering the pH, af-
fecting the rate of digestion, and reducing the population 
of pathogenic bacteria, which positively impacts the health 
of the digestive tract and increases nutrient digestibility.  
Additional ingredients not only help increase weight gain 
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but also maximize feed utilization, which is an important 
factor in production efficiency in the farming industry. The 
use of probiotics is widespread among livestock breeders 
because they have various functions, including enhancing 
growth and feed efficiency and preventing intestinal in-
flammation and diarrhea.  Using probiotics will be most 
effective if the pH of the chicken intestine is in accordance 
with the optimal pH for the growth of lactic acid bacteria.  
The others research showed that using probiotics (L. aci-
dophilus, Lactobacillus plantarum, and Bifidobacterium spp.) 
could increase feed efficiency (Lokapirnasari et al., 2024). 
So, the growth bacteria especially lactic acid bacteria can 
optimized with adding acidifier insiderations. 

Table 2: Feed Efficiency (FE) in broilers treated with 
probiotics and acidifiers.
Duration of Treat-
ment (Weeks)

Treatment 
Groups

Mean ± SD
(%)

P-Value

1st P0 66.16a ± 3.31 0.000
P1 67.17ab ± 3.45
P2 66.58a ± 4.17
P3 71.85c ± 2.12
P4 72.07c ± 2.49
P5 71.04bc ± 2.25

2nd P0 64.94a ± 4.76 0.007
P1 63.08a ± 3.18
P2 63.34a ± 4.93
P3 67.81a ± 6.19
P4 68.80a ± 2.73
P5 68.46a ± 5.47

3rd P0 65.17bc ± 3.75 0.218
P1 61.46ab ± 4.22
P2 58.17a ± 2.53
P3 69.79d ± 2.75
P4 69.06cd ± 1.82
P5 64.21b ± 2.83

Average P0 65.42ab ± 2.50 0.000
P1 63.91a ± 2.83
P2 62.70a ± 3.41
P3 69.82c ± 2.76
P4 69.98c ± 1.99
P5 67.90bc ± 1.70

Note: (a,b,c,d) Different superscript letters within a column 
indicate statistically significant differences between 
treatment groups (p < 0.05).

Content Cholesterol, HDL, LDL in Broiler 
Meat
Based on the statistical analysis results, there is a significant 
difference (p < 0.05) between treatments regarding choles-
terol content, as listed in the table below. 

Table 3 shows that P2 has the highest cholesterol level 
(135.88 mg/100g), while P5 has the lowest cholesterol 
level (39.93 mg/100g). This difference is significant (p < 
0.05) between group P2 and the other groups, except for 
P1.  

Table 3: Average of cholesterol, HDL, LDL in broiler 
meat treated with probiotics and acidifiers.
Types of 
Results

Treatment 
Groups

Mean ± SD
(mg/100g)

P-Value

Cholesterol P0 75.41ab ± 17.99 0.001
P1 100.11bc ± 29.08
P2 135.88c ± 48.27
P3 61.10ab ± 14.75
P4 59.74ab ± 14.75
P5 39.93a ± 13.98

HDL P0 60.68b ± 4.95 0.000
P1 27.80a ± 5.47
P2 15.52a ± 6.03
P3 25.97a ± 9.65
P4 30.45a ± 10.79
P5 53.10b ± 20.42

LDL P0 55.03a ± 7.29 0.044
P1 74.87bc ± 1.07
P3 65.74abc ± 1.75
P4 60.99abc ± 17.71
P5 55.97ab ± 8.79

Note: (a,b,c) Different superscript letters within a column 
indicate statistically significant differences between 
treatment groups (p < 0.05).

Cholesterol content in broiler meat showed a significant 
difference between treatments (p < 0.05). High cholesterol 
levels were observed in the P2 treatment (135.88 
mg/100g), which were not significantly different from 
the P1 treatment (100.11 mg/100g). Low cholesterol 
levels were recorded in treatment P5 (39.93 mg/100g), 
followed by P4 (59.74 mg/100g) and P3 (61.10 mg/100g).  
Probiotics and acidifier treatments showed significant 
differences (p < 0.05) between the treatments. High HDL 
levels were observed in the control treatment (P0: 60.68 
mg/100g), which were not significantly different from 
treatment P5 (53.10 mg/100g).  Probiotics and acidifier 
treatments showed significant differences (p < 0.05) 
between the treatments. Low LDL levels were observed 
in the control treatment (P0: 55.03 mg/100g), which 
were not significantly different from treatments P5 (55.97 
mg/100g), P4 (60.99 mg/100g), and P3 (65.74 mg/100g). 

Cholesterol levels in broiler chicken meat can negatively 
impact human health, contributing to obesity, coronary 
heart disease, and hypertension  (Utami et al., 2018). 
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According to Andriani et al. (2020), probiotics with 
concentration 108 CFU/g through the feed and drinking 
water can change the ratio of LDL and HDL, so influence 
rate cholesterol compared to with administration of AGP. 
Bacillus sp. is capable of synthesizing the lipase enzyme, 
which breaks down fat into fatty acids and triglycerides, 
thereby decreasing cholesterol levels in the body. Blood 
and meat cholesterol levels are correlated, and lowering 
blood cholesterol levels can also reduce meat cholesterol 
levels. Feed manipulation, such as adding probiotic-rich 
fermented herbs as a feed supplement, may help lower 
cholesterol levels (Sumardi et al., 2016). 

According to research by Imran et al. (2021), the cholesterol 
levels in meat from broiler chickens given probiotics range 
from 66.63 to 79.47 mg per 100 grams. However, research 
by Candra and Putri (2020) found that adding turmeric 
powder to broiler chicks can reduce their cholesterol levels 
from 200 mg per 100 grams to 160 mg per 100 grams.  This 
indicates that the addition of AGP in feed can increase 
cholesterol levels in meat, while the use of probiotics and 
acidifiers can lower cholesterol levels. The role of probiotic 
bacteria in reducing cholesterol levels in broiler chicken 
meat occurs through the absorption of cholesterol from 
intestinal micelles, which are then transported into the 
bacterial cell membrane through an assimilation process  
(Shehata et al., 2019). 

Krismiyanto et al. (2023) stated that lactic acid can lower 
the pH of digestion and suppress pathogenic bacteria. The 
population of Lactic Acid Bacteria (LAB) is increasing, 
which can enhance the production of Bile Salt Hydrolases 
(BSH) enzymes that deconjugate bile salts, thereby 
improving the digestion and absorption of fat.  The acidic 
atmosphere within the digestive tract limits the activity of 
the lipase enzyme, resulting in decreased fat digestion and 
body fat formation. This leads to meat with low cholesterol 
content.  

CONCLUSIONS AND 
RECOMMENDATIONS

The addition of 0.5% acidifiers in feed and 0.5% probiotics 
in the drinking water of broiler chickens demonstrates 
significant potency in enhancing growth performance, 
feed efficiency, and gut health, particularly in the context 
of pathogenic infections such as Escherichia coli.  The study 
revealed that broilers receiving additives of probiotic and 
acidifier achieved higher body weights (e.g., P4: ±2025 
g/head) and improved feed efficiency (e.g., P5: 64.21%) 
compared to control groups, underscoring their effectiveness 
in promoting nutrient absorption and overall health. The 
results showed that the addition of probiotics and acidifiers 
could increase body weight, enhance feed efficiency, and 

reduce cholesterol, LDL and improve HDL levels, with a 
significant effect (p < 0.05).  Future research should focus 
on addressing the efficacy of acidifiers and probiotics, 
including investigating their long-term effects on poultry 
health and meat quality, exploring their mechanisms of 
action, assessing the potential for resistance development 
in gut microbiota, and conducting comparative studies with 
other feed additives to evaluate their relative effectiveness 
compared to the others antibiotic growth promoters.  
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