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Abstract | This study investigated the effect of continuous administration of citric acid (CA) as an acidifier in drink-
ing water on the performance and internal organs of KUB chickens aged 2—-8 weeks. A total of 200 KUB chickens
were randomly divided into four groups: 0% (T0), 0.5% (T1), 1.0% (T2), and 1.5% (T3) CA. Results indicated that
in the 2nd week, CA administration significantly decreased (P < 0.05) drinking water consumption, feed intake, body
weight gain (BWG), and overall body weight of the chickens. In the 3" week, water intake and body weight continued
to decrease, while feed consumption decreased significantly only in the T3 group (P < 0.05). Body weight reduction
persisted (P < 0.05) only through the 4" week. Notably, T1 chickens exhibited the highest feed conversion ratio (P <
0.05) by the 7* week. CA had no significant effect (P > 0.05) on the weights of the gizzard, liver, heart, spleen, and
gallbladder. In conclusion, the continuous administration of an acidifier up to 1.5% in drinking water significantly
decreased the performance of KUB chickens during the 2nd and 3rd weeks. However, from the 4™ to the 8" week,
the performance of the chickens tended to improve. Additionally, the use of an acidifier did not negatively impact the
weight of giblets or internal organs. Based on these findings, it is recommended that the administration of acidifiers in
KUB chickens begin in the 4™ week, rather than earlier.
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INTRODUCTION

Kampung Unggul Balibangtan (KUB) Chicken is a
crossbred native chicken (Urfa ef a/., 2017) known
for its meat, which is prized for its distinctive and savory
taste (Fausiah ez a/., 2019). The nutritional value of KUB
chicken protein and fat is higher than that of free-range
chicken, while the aroma, tenderness, and taste are similar

(Hidayat ez a/., 2018). At 4 weeks of age, the average body
weight of KUB chickens is 247.68 g/head; at 8 weeks, the
weight is 745.27 g/head for females and 772.02 g/head for
males; and at 12 weeks, the weight is 1346 g/head for fe-
males and 1875.2 g/head for males (Kostaman and Sutedi,
2019). According to Harnanik and Woraswati (2021), the
average weight of KUB chickens is 821 g/head at 10 weeks
and around 1 kg at 13 weeks.
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'The use of antibiotic growth promoters (AGPs) to increase
chicken production has been banned due to concerns
about residue accumulation and microbial resistance (Fa-
dhiila ez al., 2022). Several researchers have explored the
use of acidifiers as a substitute for AGPs (Hidayat ez a/,
2018; Paras e al., 2022). Acidifiers can enhance feed hy-
giene, lower gastric pH, inhibit pathogenic bacteria, stim-
ulate pancreatic secretion, improve protein digestibility,
increase mineral absorption, and promote growth perfor-
mance and immunity (Pearlin e a/., 2019). Additionally,
acidifiers can reduce feed conversion ratio (FCR) (Khalil e#
al., 2020), decrease the number of Clostridium perfringens
bacteria, and increase the population of Lactobacillus bac-
teria in the caecum (Ding e a/., 2017). Supplementation
with citric acid (CA) at 30 g/kg of feed has been shown
to optimize growth performance and nutrient retention in
broiler chickens (Fazayeli-Rad e a/., 2014). Furthermore,
adding 1.5% CA to drinking water is effective in reducing
abdominal fat (Fik ez /., 2021).

Drinking water has a direct impact on growth and econ-
omy in poultry production (Martinez ez a/., 2021). Chick-
ens consume more drinking water than feed, so the risk
of microbes entering the digestive tract through drinking
water is also higher. Providing good quality drinking water
will increase the survival rate of chickens. Based on this,
research on the effect of giving CA through drinking water
on the performance of KUB chickens has been conducted.

MATERIALS AND METHODS

RESEARCH DESIGN

'This study employed a completely randomized design with
CA administration treatments at doses of 0% (T0), 0.5%
(T1),1.0% (T2) and 1.5% (T3). CA-supplemented drink-
ing water was provided continuously to the chickens for 24
hours. Each treatment was repeated five times, using a total
0f 200 unsexed KUB chickens. CA was added to the drink-
ing water from 6 days of age until the chickens reached 8
weeks. The chickens were housed in an open house, with
ad libitum access to feed and water. The feeds used were
commercial feed BR-1 (for chickens aged 1-4 weeks) and
BR-11 (for chickens aged 5-8 weeks). CA was supplied by
PT Budi Starch, and the sweetener was provided by TBK
Indonesia. In this study, chicken management followed a
livestock welfare system, and halal slaughtering methods
were employed for chicken processing.

VARIABLES

Drinking water consumption was measured daily by calcu-
lating the difference between the amount of water provided
and the remaining water. Feed consumption was measured
weekly by subtracting the remaining feed at the end of the
week from the amount provided at the beginning of the

week (in grams). Body weight gain was calculated by sub-
tracting the initial body weight from the final body weight
each week. Body weight was recorded at the beginning of
each week. Feed conversion ratio (FCR) was determined
by comparing feed consumption with body weight gain per
week. The weight of internal organs, including the gizzard,
liver, heart, spleen, and gallbladder, was measured after the
chickens reached 8 weeks of age.

DATA ANALYSIS

All data obtained were analyzed using analysis of variance
(ANOVA) at the 5% significance level. Data are expressed
as mean * SD. If the results of the ANOVA were signifi-

cant, further testing was performed using the least signifi-

cant difference (LSD) test.
RESULTS AND DISCUSSION

DRINKING WATER CONSUMPTION

In the 2nd week, as the dose of CA increased, drinking
water consumption by KUB chickens (ml/day) decreased
significantly (P < 0.05), with T1 (34.49 + 0.74), T2 (32.74
+ 1.39), and T3 (32.19 + 1.58) showing lower consump-
tion compared to TO (36.49 + 1.14). In the 3rd week, water
consumption in T1 (45.88 + 2.91) was not significantly
different from TO (49.86 + 2.55), but consumption in T2
(45.80 +1.32) and T3 (44.11 + 2.65) was significantly low-
er (P < 0.05). From the 4th to 7th weeks, drinking water
consumption in T1 (59.14 + 2.64 to 116.19 + 2.92 ml/
day), T2 (60.57 + 3.54 to 114.20 + 3.01 ml/day), and T3
(57.91 + 4.65 to 113.68 + 2.67 ml/day) was not significant-
ly different (P > 0.05) from the control group (TO: 61.88
+4.59 to 120.15 + 3.96 ml/day). In the 8th week, drinking
water consumption in T1 (141.60 + 3.55) and T2 (134.74
+ 6.93) was not significantly different (P > 0.05) from T0
(143.29 + 5.09), but T3 (130.17 + 6.06) had significantly
lower consumption (P < 0.05) (Table 1).

Drinking water is an important element for chicken life,
such as in the digestive and respiratory systems. The con-
sumption of drinking water indicates the effectiveness of
maintenance management and the health status of the
chicken. The pH value and taste of drinking water are fac-
tors that also determine drinking water consumption. The
consumption of drinking water of chickens (Table 1) shows
that in the early phase, KUB chickens already have a good
sense of taste. The higher the dose of CA, the more sour
the taste of the drinking water and the less it is liked by the
chickens, so that their drinking water consumption decreas-
es. This fact is in accordance with the statement of Clark e#
al. (2014) that the sense of taste is a well-developed taste.

As the chickens get older, they become more adaptive to
the taste of sour drinking water, so that starting from the

March 2025 | Volume 13 | Issue 1 | Page 186

35¢3 inks
Qo Jinks
“OResearchers



OPENaACCESS

Journal of Animal Health and Production

age of 4 weeks, the consumption of KUB chicken drinking
water with CA is not different (P>0.05) from the control.
Chicken drinking water consumption with acid decreased
again in the 8th week, except at T1. According to Rou-
ra et al. (2013), chickens are tolerant to acidic or alkaline
solutions, but their water consumption will decrease if the
pH of the solution is < 2.9. In this study, the pH values
of drinking water at T1, T2, and T3 were 3.74 (T1), 3.69
(T2),and 3.67 (T3).

Table 1: Average drinking water consumption of KUB

chickens.
Week CA dose (%)

0.0(T0) 0.5(T1) 1.0(T2) 1.5(T3) P Value
(ml/day)

2 36.49 34.49 32.74 32.19 0.0002
+1.14° +(0.74° +1.39¢ +1.58¢

3 49.86 45.88 45.80 4411 0.0324
+2.552 +2.91P +1.320 +2.65P

4 61.88 59.14 60.57 57.91 0.5022
+4.59 +2.64 +3.54 +4.65

5 84.64 85.94 79.05 80.37 0.2268
+3.60 +7.19 +5.80 +6.11

6 103.39 104.97 103.93 101.98 0.4290
+8.88 +6.12 +9.26 +4.61

7 120.15 116.19 114.20 113.68 0.7704
+3.96 +2.92 +3.01 +2.67

8 143.29 141.60 134.74 130.17 0.0259
+5.09* +3.55% £6.93*  +6.06>

Note: Different superscripts in the same row indicate

significant differences (P < 0.05).

'The pattern of drinking water consumption by chickens
in this study was similar to the results of research by Mar-
tinez ez al. (2021) and Guo ez al. (2022) that at the age of
1-10 days, the consumption of drinking water by chickens
with an acidifier was no different from the control. Ac-
cording to Guo ez al. (2022), after 7 days of age, the con-
sumption of drinking water by chickens given 1.5-2.0%
acidifier increased higher than the control. According to
Ali et al. (2020), drinking water consumption of broilers
whose drinking water was given 1% citric acid (pH 3.7)
continuously for 12 hours up to 35 days of age was not
significantly different from the control.

FeED CONSUMPTION

Administering higher doses of CA significantly (P < 0.05)
reduced feed consumption (g/week) in chickens during the
2nd week, with the following values: T0 (149.8 + 6.46),T1
(138.5 £ 3.13), T2 (135.1 + 5.67), and T3 (128.4 + 8.09).
In the 3rd week, only feed consumption in T3 (190.1 =+
7.12) was significantly (P < 0.05) lower than the control
group (T0: 205.6 + 7.87). From the 4th to the 8th week,
feed consumption in TO (255.5 + 12.38 to 449.9 + 10.26),

T1 (243.7 + 13.17 to 488.4 + 15.29), T2 (250.5 + 15.43 to
450.4 + 20.44), and T3 (239.1 + 19.15 to 457.7 = 14.64)
was not significantly different (P > 0.05) (Table 2).

Table 2: Average feed consumption of KUB chickens.

Week CA dose (%)
0.0(T0) 0.5(T1) 1.0(T2) 1.5(T3) P-value
(g/week)

2 149.8 138.5 135.1 128.4 0.0004
+6.46 +3.13> £5.67>  £8.09¢

3 205.6 200.3 202.4 190.1 0.0048
+7.87° +8.40° £9.53*  £7.12b

4 255.5 243.7 250.5 239.1 0.3702
+12.38 £13.17 £1543 +£19.15

5 379.6 371.3 359.0 369.0 0.6257
+10.39 £21.59 £16.95 +£25.43

6 390.3 394.5 379.4  378.9 0.3456
+8.80 +11.58 £15.08 +16.17

7 434.5 444.4 424.0 422.6 0.3794
+£10.05 +16.83 +12.30 +13.98

8 4499 488.4 450.4 457.7 0.1147
+10.26 £1529 2044 +14.64

Note: Different superscripts in the same row indicate
significant differences (P < 0.05).

'The total consumption of broiler chicken feeds on days 1 to
10 significantly decreased with the addition of 0.25% CA
to drinking water (Mohammed, 2018). Up to 35 days of
age, the consumption of broiler feeds that received 1% CA
in their drinking water did not differ significantly from
the control (Ali ez a/., 2020). The addition of 1.25% CA to
drinking water had no significant effect (P > 0.05) on feed
consumption but tended to increase (Tajudin ez a/., 2021).
In broilers aged 1-10 days, the administration of an acidi-
fier in drinking water resulted in better feed consumption
compared to control (Efekhari ez a/., 2015).

'The decreasing consumption of chicken rations in weeks
2 and 3 is closely related to drinking water consumption.
In weeks 2 and 3, KUB chickens are intolerant to the sour
taste of drinking water so that drinking water consump-
tion decreases and has an impact on decreasing feed con-
sumption. The balance of drinking water consumption at
T1, T2, and T3 in the 2 nd and 3 rd weeks was about 1.6
times more than feed consumption. Under normal condi-
tions, drinking water consumption is 1.5 --2 times feed
consumption.

Giving 0.25% CA in drinking water significantly reduces
the pH of the digestive tract of broiler chickens (Ndel-
ekwute ez al., 2018). A low pH value will increase the se-
cretion of pepsin enzymes and enzymes in the duodenum,
but excessive acid reduction in the stomach will inhibit the
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and suppress the secretion of digestive enzymes by the du-
odenum (Chun ¢z a/.,2021). This slows down the digestion
and absorption of food so that ration consumption is lower.
Low drinking water consumption causes higher digestion
viscosity so that the digestion process slows down and feed
consumption decreases. The average consumption of KUB
chicken rations in this study (39.88-41.87 g/head/day) was
lower than the results of the study by Saelan ez /. (2023),
which was 65.04-66.09 g/head/day.

Boby WEIGHT GAIN

Body weight gain (BWG, g/week) of KUB chickens in the
2nd week was significantly (P < 0.05) lower in T1 (77.9 =
2.45), T2 (75.8 £ 4.94), and T3 (74.0 £ 3.57) compared to
the control (TO0: 82.4 + 4.13). In weeks 3 to 8, BWG in T'1
(95.3 £3.38 t0 136.0 + 21.23),T2 (102.2 £ 5.25 t0 152.0 +
20.73),and T3 (92.1 + 6.80 to 146.1 + 19.09) was not sig-
nificantly different (P > 0.05) from the control group (TO:
98.0 + 7.88 to 153.6 = 15.82) (Table 3). According to Ish-
faq et al. (2015), the acidifier (Acipure) had no significant
effect on broiler body weight gain (0-41 days). However,
other acidifiers, such as formic acid, have been shown to
increase growth performance (Eftekhari ez a/., 2015; Ding
et al., 2017, Mohammed, 2018; Khalil ¢z a/., 2020; Martin-
ez et al., 2021).

Table 3: Average body weight gain of KUB chickens.

Week CA dose (%) P
0.0(T0) 1.0(T1) 1.0(T2) 1.5(T3) ~Value
(g/week)

82.4 +4.13" 77.9+2.45" 75.8 +4.94> 74.0 3.57° 0.0216
3 98.0 +£7.88 95.3 £3.38 102.2 +5.25 92.1 +6.80 0.0999

115.7 106.2 112.3 108.8 0.5897
+8.05 +7.25 +13.31 +15.31

5 116.1 105.3 95.5 +13.63 108.8 0.0788
+6.06 +11.29 +13.65

6 120.1 127.5 110.6 108.7 0.2251
+14.09 +15.74 +17.55 +18.81

7 153.6 136.0 152.0 146.1 0.1914
+15.82 +21.23 +20.73 +19.09

8 106.8 134.0 117.5 118.3 0.0789
+19.84 +18.40 +10.03 +9.21

Note: Different superscripts in the same row indicate

significant differences (P < 0.05).

BWG in the 2nd week is very different from the results
of Ding e# al. (2017) that the addition of an acidifier is
more effective when given in the starter phase. Acidifica-
tion can increase digestibility and increase mineral absorp-
tion (Pearlin ez a/., 2019), protein digestibility, fiber, and
ether extract (Ndelekwute ef a/., 2018). In addition to the
type of chicken, according to Ding ez a/. (2017), Pearlin
et al. (2019), and Hezaveh ez al. (2020), the difference in

response is also determined by the dose, method, type of
acidifier, type, and nutrition of the feed given. In the 2nd
week, KUB chickens experienced excessive acidification of
drinking water so that digestive enzyme activity decreased,
and nutrient absorption was disrupted. The total number
of microbes in drinking water, as well as the types and total
number of microbes in the digestive tract are also inhibit-
ing factors for BWG of KUB chickens. The average weight
gain of KUB chickens from this study (14.75-15.46 g/
head/day) is almost similar to the results of the study by
Saelan ez al. (2023), namely 15.07-16.14 g/head/day.

Bopy WEIGHT

'The body weight of KUB chickens that received CA in the
2nd week was significantly lower (P < 0.05) than the con-
trol group (TO: 186.4 + 8.72), with the following values:
T1 (178.06 + 6.55), T2 (173.54 + 4.10), and T3 (170.00 +
5.32). In the 3rd week, the body weight of KUB chickens
in TO (284.44 + 13.74) was not significantly different (P >
0.05) from T2 (275.72 + 9.32), but was significantly differ-
ent (P < 0.05) from T1 (273.38 + 9.44) and T3 (262.12 =
5.50). Similar results were observed in the 4th week. From
the 5th to 8th weeks, the body weight in TO (516.24 +
18.34 to 896.68 + 30.70) was not significantly different
(P > 0.05) from T1 (493.95 + 24.38 to 891.42 + 41.39),
T2 (486.54 + 22.83 to 866.68 + 38.02), and T3 (486.22 +
26.95 to 862.95 + 40.40) (Table 4).

Table 4: Average body weight of KUB chickens.

Week CA dose (%) P
0.0(T0) 0.5(T1) 1.0(T2) 15(T3) ~Value
()

2 186.4 178.06 173.54 170.00 0.0057
+8.72° +6.55P +4.10b +5.32¢

3 284.44 273.38 275.72 262.12 0.0214
£13.74*  +9.44P +9.32%® +5.50¢

4 400.18 379.54 388.04 371.72 0.0487
+15.38 +11.51° +16.14%® +16.71°

5 516.24 493.95 486.54 486.22 0.1824
+18.34 +24.38 +22.83 +26.95

6 636.34 621.48 597.14 598.52 0.2790
+27.31 +28.62 +25.74 +35.73

7 789.92 757.46 749.17 744.61 0.1177
+21.47 +35.32 +30.89 +31.56

8 896.68 891.42 866.68 862.95 0.4107
+30.70 +41.39 +38.02 +40.40

Note: Different superscripts in the same row indicate

significant differences (P < 0.05).

"These results differ from those of Fik ez a/. (2021), who re-
ported that administering 0.5-1.5% CA in the ration had
no effect on the body weight of broiler chickens aged 1-14
days, but significantly increased body weight at 21-42 days
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of age. At 6 weeks of age, the average final weight of KUB
chickens in this study (597.14 + 25.74 to 636.34 £ 27.31 g)
was higher than the findings of Erwan ez a/. (2023), which
reported a range of 401.6-455.5 g. At 8 weeks of age, the
average weight of KUB chickens in this study (862.95 to
896.30 g) was higher than the weight of KUB chickens in
the study by Harnanik and Woraswati (2021), which was
636 + 72 g. CA administration did not negatively affect
chicken mortality rates. The mortality rate of KUB chick-

ens up to the 8th week for all treatments was 0%.

FEED CONVERSION

At 7 weeks of age, the feed conversion of KUB chickens in
T1, T2, and T3 was not significantly different (P > 0.05)
from TO (Table 5). Similarly, in weeks 5, 6, and 8, the feed
conversion for KUB chickens in TO0, T1, T2, and T3 re-
mained high (3.12 + 0.33 to 4.3 + 0.82). This was due to
the growth of the chickens beginning to decline while feed
consumption continued to increase. These conversion val-
ues are still lower than those reported by Rajulani ez a/.
(2022), who found that the average FCR of KUB chickens
during 8 weeks of maintenance ranged from 4.11 to 4.73.
According to Saelan ez a/. (2023), the average FCR of KUB

chickens during 10 weeks of maintenance was 4.03—4.47.

Table 5: Average feed conversion of KUB chickens.
Week  CA dose (%) P- Value
0.0(T0) 0.5(T1) 1.0(T2) 1.5(T3)

1.82+0.02 1.78+0.05 1.79+0.05 1.73+0.07 0.1141
2.10+0.12 2.10+0.06 1.98+0.05 2.07+0.12 0.1674
2.22+0.19 2.30+0.18 2.24+0.14 2.21+0.14 0.8189
3.28+0.19 3.55+0.31 3.80+0.40 3.41+0.31 0.0870
3.25+0.49 3.12+0.33 3.50+0.57 3.57+0.65 0.3786

2.83 3.31 2.84 2.93 0.0361
+0.25>  £0.34*  £0.37°  +0.37°

8 4.34+0.82 3.71+0.61 3.84+0.21 3.88+0.40 0.3483
Note: Different superscripts in the same row indicate

significant differences (P < 0.05).

N N L LN

'The feed conversion of chickens that was not significantly
different from the control was also stated by Bzoska et.
al. (2013) and Martinez ez al. (2021). According to Ding
et al. (2017); Mohammed (2018); Khalil ez a/. (2020), the
feed conversion of chickens was significantly lower than
the control when given acidifier.

WEIGHT OF INTERNAL ORGANS

CA had no significant effect (P > 0.05) on the weight of
the gizzard, liver, or heart of the chickens. The weight of
the gizzard (14.4 + 2.14 g for T1; 14.45 + 0.89 g for T2;
15.65 + 1.33 g for T3) was not significantly different (P >
0.05) from the control group (14.32 + 2.78 g). Similarly,
the weights of the liver and heart of KUB chickens were

also not significantly different (P > 0.05) from the control
(Table 6).

These results are similar to the reports of Fikri ez a/. (2021)
and Haq ez /. (2014). These results differ from the report
of Xue ez al. (2023) that the relative weight of goose liv-
er given CA was not significantly different from the con-
trol, but the relative weight of gizzard with 0.50% CA was
significantly higher while at 2.0% CA it was significantly
lower. This difference is caused by differences in the types
of poultry.

Table 6: Average weight of internal organs of KUB

chickens.
Parameters CA dose (%) P-

0.0 (T0) 0.5(T1) 1.0(T2) 1.5T3) value

Gizzard (g) 14.32 14.4+2.14 14.45 15.65 0.6658
+2.78 +0.89 +1.33

Liver (g) 17.23 19.25 19.22 17.47 0.2679
+0.93 +1.38 +2.95 £2.27

Heart (g) 5.17+0.57 4.75+1.04 5.61+0.42 4.48+0.53 0.1561

Spleen (g) 3.27:0.66 2.76+0.69 2.98+0.61 2.48+0.57 0.2861
Gallbladder 1.66+0.51 1.28+0.34 1.23+0.29 1.31+0.23 0.233

Table 6 also shows the weight of the KUB chicken spleen
and gallbladder when CA was added to drinking water at
56 days of age. CA administration did not affect the spleen
weight (3.27 + 0.66 g for TO0; 2.76 + 0.69 g for T1; 2.98
+ 0.61 g for T2; 2.48 + 0.57 g for T3). The spleen is an
organ involved in immune system activity. According to
Al-Mutairi ez al. (2020), the provision of organic acids in
teed did not significantly affect the spleen of 42-day-old
broiler chickens. Similarly, the administration of propionic
acid had no significant effect on the relative weight of the
spleen (Martinez ez al., 2021).

'The gallbladder contains bile secreted by the liver to neu-
tralize acidic conditions. Gallbladder fluid also contains
salts that function to improve enzyme performance in feed
nutrient metabolism. The results of the study (Table 6)
showed that the administration of CA in drinking water
for 56 days did not affect the weight of the gallbladder
(1.66 = 0.51 g for TO; 1.28 + 0.34 g for T1; 1.23 + 0.29 g
for'T2;1.31 +0.23 g for T3) in KUB chickens. The admin-
istration of CA did not burden the liver’s performance in
neutralizing acid in the digestive tract.

CONCLUSIONS AND
RECOMMENDATIONS

Continuous administration of citric acid at doses up to
1.5% in drinking water reduces the performance of KUB
chickens during the 2nd and 3rd weeks. However, from
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the 4th to the 8th week, their performance tends to im-
prove. The use of citric acid does not have a negative im-
pact on the weight of giblets or internal organs. Therefore,
it is recommended to begin CA administration in the 4th
week, rather than earlier. Future studies should investigate
the optimal timing, dosage, and duration of acidifier use
to maximize growth performance while monitoring any
long-term effects on overall health and organ development.
Additionally, exploring the potential benefits of different
types of acidifiers and their combinations could provide
further insights into enhancing poultry performance.
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