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Abstract. Soybean meal contains antinutritional factors, such as phytic acid, which can interfere with
protein absorption and digestion in feed, resulting in decreased feed nutritional quality. Supplementation
of feed with phytase enzyme can hydrolyze phytic acid complexes that bind proteins, leading to
increased protein digestibility, improved feed utilization efficiency, and better fish growth. The aim of this
study was to examine the effect of phytase enzyme supplementation on protein digestibility, feed
utilization efficiency, growth, and body chemical composition of the Java barb (Barbonymus gonionotus)
juvenile stage. The test fish used were Java barbs with an average weight of 125.93+0.26 g fish™*. The
experimental feed used was artificial feed in the form of floating pellets supplemented with different
doses of phytase enzyme: A (0 FTU/kg feed), B (250 FTU/kg feed), C (500 FTU/kg feed), D (750 FTU/kg
feed), E (1000 FTU/kg feed), and F (1250 FTU/kg feed). The observed parameters included apparent
digestibility coefficient of protein (ADCp), feed utilization efficiency (FEU), feed conversion ratio (FCR),
protein efficiency ratio (PER), relative growth rate (RGR), survival rate (SR), and body chemical
composition of the Java barb juvenile stage. The results showed that supplementation of phytase
enzyme in feed significantly increased protein digestibility, feed utilization efficiency, growth, and body
chemical composition of the Java barb juvenile stage. A phytase enzyme dose of 1000 FTU/kg feed was
found to be the best dose for the juvenile stage of Java barb.
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Introduction. The Java barb (Barbonymus gonionotus) is one of Indonesia’s native fish
species that is easy to cultivate, has high economic value, and has significant potential
for aquaculture activities (Rachmawati et al 2025). The success of intensive Java barb
farming is highly dependent on artificial feed availability. Artificial feed uses up to 50%
fish meal as a source of animal protein, making it the main and most expensive protein
ingredient (Kumar et al 2012). Fish meal is used as an animal protein source in feed
because it provides protein and essential amino acids, essential fatty acids, cholesterol,
vitamins, and mineral attractants that are crucial for fish growth (NRC 2011). As
aquaculture activities increase, so does the demand for fish meal over time, leading to
limited fish meal availability. This raises concerns regarding escalating overfishing, which
may jeopardize the sustainability of natural ecosystems (Adeshina et al 2023). The
limited supply of fish meal increases the price of fish feed, causing feed costs to rise to
approximately 60% of the total production cost per cultivation cycle, which has become a
major problem for fish farmers (Kemigabo et al 2018). Therefore, it is necessary to seek
plant-based ingredients as alternative protein sources with the potential to replace fish
meal, in an effort to develop sustainable and environmentally friendly aquaculture
(Hussain et al 2020). One plant-based ingredient that is available and relatively
inexpensive as a protein source is soybean meal, owing to its availability, affordability,
and balanced essential amino acid profile (Biswas et al 2000). However, the presence of
anti-nutritional factors, such as phytic acid, limits the inclusion of soybean meal in fish
feed (Bulbul et al 2015). Phytic acid can form phytate-protein and phytate-mineral-
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protein complexes, which create problems in protein digestibility, thereby lowering the
digestibility and utilization of protein from the feed (Cao et al 2007). Phytate-protein
complexes cannot be digested by proteolytic enzymes (Shahzad et al 2022). In fact, the
activities of several enzymes, such as pepsin, amylopsin, and amylase, are inhibited by
phytic acid (Cao et al 2007).

Phytic acid also chelates other minerals, such as calcium, magnesium, zinc, iron,
and copper, forming insoluble complexes that reduce the absorption and bioavailability of
macro and micro minerals required by fish (Papatryphon et al 1999). The presence of
phytic acid in the feed lowers the efficiency of feed utilization during aquaculture,
resulting in suboptimal fish growth. An effort to address the issue of phytic acid in plant-
based protein feed ingredients is the addition of phytase enzyme (Shahzad et al 2021;
Salem et al 2022; Shahzad et al 2022; Rachmawati et al 2023b, 2024).

The application of phytase enzymes in feed can hydrolyze phytate, sequentially
producing myo-inositol penta-, tetra-, tri-, di-, and mono-phosphate, and neutralize the
negative effects of phytic acid on protein and other nutrients in the feed. In addition, the
presence of phytase enzyme in feed can increase the bioavailability of phosphorus and
nitrogen bound to phytate, thus reducing the release of P and N into aquatic
environments (Cao et al 2007). Several studies on phytase enzyme supplementation in
feed have reported improvements in growth, feed conversion ratio, and protein and
mineral digestibility in Ephinephelus fuscoguttatus (Shapawi et al 2013), Marsupenaeus
japonicus (Bulbul et al 2015), Psetta maxima (Von Danwitz et al 2016), Cirrhinus mrigala
(Hussain et al 2020), Sparus aurata (Salem et al 2022), Oreochromis niloticus (Shahzad
et al 2022; Rachmawati et al 2024), Cyprinus carpio (Rachmawati et al 2023b), and
Clarias gariepinus (Rachmawati et al 2023a). Information regarding phytase enzyme
supplementation in feed for the grow-out stage of Java barbs is still limited, highlighting
the need for this research. The aim of this study was to assess the effect of phytase
enzyme in feed on protein digestibility, feed utilization efficiency, growth, and body
chemical composition at the Java barb juvenile stage.

Material and Method

Preparation of test fish and research design. This study was conducted conducted in
May until July 2025 at the Freshwater Fish Hatchery (BBIAT) in Muntilan, Central Java,
Indonesia, using an experimental method with a completely randomized design,
consisting of five treatments and four replications. The test fish used were Java barb
juveniles with an average initial weight of 125.93+0.26 g fish*!. Preparation of the test
fish began by selecting Java barb juveniles that were uniform in size, actively swimming,
not deformed, and healthy (Rachmawati et al 2024). This was intended to ensure that
the Java barb juveniles used as test subjects would have a uniform size at the start of
rearing and be able to grow normally without any disease disturbances. Subsequently,
the test fish were acclimated to the new environment and artificial feed for 7 days
(Rachmawati et al 2023a). During the acclimation period, the test fish were fed an
artificial feed without phytase. The experiment began by placing the test fish, whose
average initial weight was already known, into fiber tanks with dimensions of 1 x 1 x 1
m?3 filled with 30 liters of water and a stocking density of 1 fish L'!. Feeding was carried
out using the ad satiation method, with a frequency of three times daily at 8:00, 13:00,
and 18:00. Sampling to measure weight gain of the test fish was conducted weekly
throughout the 56 day study period. The water quality parameters observed refer to
Boyd (2003), the parameters observed include pH, dissolved oxygen (DO), and
temperature using the High Quality AZ8603 water quality tester, China, and ammonia
using Hanna HI715, Indonesia.

Preparation of test feed. The test feed used was artificial feed in the form of floating
pellets with a protein content of 30% (Rachmawati et al 2025), with the addition of
phytase enzyme according to the treatment (A - 0 FTU/kg feed, B - 250 FTU/kg feed, C -
500 FTU/kg feed, D - 750 FTU/kg feed, E - 1000 FTU/kg feed, and F - 1250 FTU/kg feed)
and 1% chromic oxide (Cr203) as the protein digestibility indicator (NRC 2011). Three
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replicates were used for each treatment. The phytase enzyme used was Nathupos*E
10000 G, produced by BASF SE (Ludwigshafen, Germany). The test feed was prepared by
weighing the raw feed ingredients according to the feed formulation (Table 1), followed
by mixing the feed ingredients starting from the smallest quantity and gradually adding
and mixing other ingredients in larger quantities, except for the fat source and water,
which were added after all other ingredients were mixed (NRC 2011). The feed dough
was mixed until homogeneous using a livestock feed mixer machine (Model Horizontal
Mixer, China) until uniform. Finally, fish oil, corn oil, and sufficient water were added, and
the dough was mixed again until evenly blended. The homogeneous feed dough was then
placed in a floating pellet extruder machine (H 2700, China). After extrusion, the feed
was dried by air at room temperature, approximately 26°C. Once dry, the feed was
packed in an airtight plastic and stored until use.

Table 1
Formulation of test feed used in the study (1000 g) and proximate composition analysis results
. Test feed
Ingredient (g) A B C D £ F
Fish meal 369.65 369.65 369.65 369.65 369.65 369.65
Soybean meal 427.30 427.30 427.30 427.30 427.30 427.30
Corn flour 62.72 62.72 62.72 62.72 62.72 62.72
Bran 70.62 70.62 70.62 70.62 70.62 70.62
Tapioca flour 29.71 29.71 29.71 29.71 29.71 29.71
Fish oil 10.00 10.00 10.00 10.00 10.00 10.00
Corn oil 10.00 10.00 10.00 10.00 10.00 10.00
Mineral & vitamin mix! 10.00 10.00 10.00 10.00 10.00 10.00
Cr203 10.00 10.00 10.00 10.00 10.00 10.00
Total 1000 1000 1000 1000 1000 1000
Phytase levels (FTU/kg diet) 0 250 500 750 1000 1250
Proximate composition
Dry matter* 31.18 31.18 31.22 31.17 31.18 31.24
Crude protein* 30.15 30.11 30.16 30.17 30.17 30.18
Ether extract* 9.45 9.46 9.43 9.44 9.45 9.43
Carbohydrate* 251.43 251.53 250.61 251.37 251.15 251.21
Ash* 8.43 8.39 8.44 8.42 8.41 8.44
Crude fiber* 120.3 120.2 120.4 120.4 120.2 120.2
Analysed phytase (FTU/kg diet)* 0 245 496 747 996 1242
Energy (kcal)* 251.43 251.53 251.61 251.37 251.15 251.21
Ratio of energy/protein 8.34 8.35 8.34 8.33 8.32 8.32

(E/P) (cal g'1)?
Notes: 1) Vitamin and Mineral mix kg: magnesium (Mg) 1.900 mg, Vit. B2 97 mg, Vit. B6 46 mg;, potassium
(K) 150 mg, calcium (Ca) 219 mg, sodium (Na) 117 mg, selenium (Se) 150 mg, Vit. B1 52 mg, iodine (KI) 1.8
mg, cobalt (Co) 450 mg, Vit. B12 60 mg, Vit. A 36,000 I.U., Vit. D3 9,000 I.U., manganese (Mn) 105 mg,
copper (Cu) 9 mg, iron (Fe) 90 mg, Vit. C (coated): 68,800 mg activity, zinc (Zn) 90 mg, panthothenic acid: 93
mg, Vit. K3 19 mg, niacin 130 mg, folic acid 10 mg, inositol 225 mg, biotin 450 mg, Vit. E 187 mg; 2)
According to NRC (2011) the E/P value for optimal fish growth ranges between 8 and 12 kcal g'!; *)Proximate
analysis results of the Animal Feed Science Laboratory, Faculty of Animal Husbandry and Agriculture,
Diponegoro University (2025).

Research container. Fifteen fiber tanks measuring 1 x 1 x 1 m3 were used as research
containers. Each fiber tank was equipped with a recirculation system aimed at stabilizing
the water quality within the optimal range. In this study, the rearing medium used was
water sourced from a water supply that had been previously settled in a reservoir to
precipitate organic materials.

Protein digestibility analysis. Protein digestibility was determined using an indirect
method by adding 1% Cr203 as an indicator of protein digestibility in the test feed,
according to the method described by Pérez-Jiménez et al (2009).
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Proximate composition analysis of test feed and fish carcasses. The proximate
composition analysis was based on the NRC (2011) method. The protein content was
determined using a semi-automatic Kjeldahl system (FOSS Kjeltec 2300). The fat content
was determined using the ether extraction method based on the Soxhlet method (FOSS
Soxtec 2043). Ash content was determined by incinerating feed and fish test samples in a
furnace at 550°C for 24 h.

Observed parameters. The observed parameters consisted of apparent digestibility
coefficient of protein (ADCp) referring to Pérez-lJiménez et al (2009), feed utilization
efficiency (FUE), feed conversion ratio (FCR), protein efficiency ratio (PER), relative
growth rate (RGR), and survival rate (SR) referring to NRC (2011), each calculated based
on the following formulas:

ADCp (%) = 100 - {100 x Cr203 in the feed / % Cr203 in the feces x % protein in the
feces / % protein in the feed}

FUE (%) = final weight (g) - initial weight (g) / weight of feed consumed (g) x 100
FCR = Feed intake (g) / body weight gain (g)

PER = 100 x (final weight (g) - initial weight(g)) / amount of diet consumed (g) x diet
protein content (%)

RGR (% day!) =100 x (final weight (g) - initial weight (g)) / (times of experiments
(day) x initial weight (g))

SR (%) = 100 x (final fish count / initial fish count)

Statistical analysis. Data on ADCp, FUE, FCR, PER, RGR, and SR were analyzed by one-
way ANOVA. If the ANOVA results showed a significant effect (p < 0.05) or a highly
significant effect (p < 0.01), Duncan's multiple range test was conducted to determine
the differences in mean values among treatments (Steel et al 1997). All data were
analyzed using SAS (V9.3. SAS Institute, Cary, NC, USA).

Results. The results of observations on growth and feed efficiency, which included ADCp,
FUE, PER, FCR, RGR, and SR of the Java barb juveniles during the study are showen in
Table 2.

The results of the research in Table 2 show that the Java barb juveniles fed test
diets supplemented with phytase enzyme had higher ADCp, FUE, PER, and RGR values,
and lower FCR compared to fish fed diets without phytase enzyme supplementation. The
juvenile Java barbs fed the test diet E had higher ADCp, FUE, PER, and RGR values, and
lower FCR compared to the other test diets.

The effect of phytase enzyme supplementation in the feed on the chemical
composition of the Java barb juveniles during the study is shown in Table 3, which
shows that the Java barb juveniles fed with phytase enzyme supplementation had higher
crude protein and ash content than those without phytase enzyme supplementation.
Furthermore, there were no significant differences in crude fat and dry matter between
the different test feed treatments during the of Java barb juveniles.
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Table 2

Average initial fish weight (IW), final fish weight (FW), weight gain (WG), apparent digestibility coefficient of protein (ADCp), feed

utilization efficiency (FUE), feed conversion ratio (FCR), protein efficiency ratio (PER), relative growth rate (RGR), and survival rate (SR)

of Java barb juveniles during the study

p : Test feed
arameters 2 B c D = =
IW (g) 125.42+0.26 125.63+0.24 126.34+0.24 126.42+0.26 125.46+0.28 126.32+0.26
FW (g) 152.30+0.20 168.20+0.22 174.58+0.20 190.10+0.22 200.32+0.22 182.18+0.20
WG (g) 26.88+0.23f 42.57+0.23¢ 48.24+0.224 63.68+0.24° 74.86+0.252 55.86+0.23¢
ADCp (%) 52.32+0.21f 65.18+0.14¢ 69.46+0.124 74.27+0.22° 82.74+0.222 72.25+0.25¢
FUE (%) 53.38+0.12f 66.40+0.10¢ 70.58+0.13° 75.17+0.12b 80.14+0.12° 72.25+0.15¢
PER 1.36+0.10f 1.64+0.05¢ 1.73+0.09d 2.27+0.10° 2.52+0.042 2.05+0.10¢
FCR 1.76+0.20f 1.48+0.26° 1.33+0.02° 1.27+0.04b 1.17+0.032 1.25+0.03¢
RGR (% day™1) 2.52+0.12f 2.86+0.17¢ 3.14+0.134 3.82+0.12P 4.36+0.102 3.48+0.12¢
SR (%) 100+£0.0° 100+£0.0° 100+£0.0? 100+£0.0° 100+£0.0° 100+£0.0°
Note: Means in the same column with different superscripts are significantly different (p < 0.05).
Table 3
Chemical composition of the Java barb juveniles with varying doses of phytase enzyme supplementation during the study
Test feed
Parameters A B C D E F
Dry matter 26.98+0.34b 24.12+0.322 24.22+0.30° 24.20+0.252 24.32+0.22° 24.30+0.26°
Protein 55.14+0.17° 57.42+0.13° 57.53+0.16° 57.48+0.18° 57.53+0.12° 57.62+0.16°
Lipid 25.36+0.142 25.49+0.12° 25.45+0.10° 25.47+0.13° 25.68+0.182 25.59+0.162
Ash 19.14+0.20b 20.65+0.322 20.58+0.34? 20.68+0.42° 20.59+0.28? 20.62+0.232

Note: Means in the same column with different superscripts are significantly different (p < 0.05).
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Discussion. Phytic acids in feed cannot selectively bind with amino acids and reduce
amino acid availability (Kumar et al 2012). In addition, phytic acid has been shown to
inhibit the activity of enzymes, including trypsin and pepsin (Morales et al 2011).
Supplementation of feed with phytase enzyme can increase the availability of protein and
amino acids by breaking down the phytin-protein complex and neutralizing the negative
effects of phytate on protein and other nutrients in the feed (Hussain et al 2017). This is
because the phytic acid present in the feed has already been hydrolyzed by the phytase
enzyme, thereby releasing the protein from the phytate complex and increasing feed
protein digestibility. Xu et al (2022) stated that the addition of phytase enzyme can
enhance the conversion of trypsinogen to trypsin enzyme, which breaks proteins into
amino acids, thus increasing digestive enzyme activity and improving protein digestibility.
The addition of phytase enzyme to feed can enhance protein digestibility, feed efficiency
(Hussain et al 2020; Rachmawati et al 2023a) as well and fish growth (Adeshina et al
2023; Rachmawati et al 2024).

The results presented in Table 2 show that supplementation with phytase enzyme
at a dose of 1000 FTU/kg feed yielded the highest protein digestibility value in the Java
barb juveniles. This is presumed to be because the phytase enzyme in the feed at a dose
of 1000 FTU/kg feed is the optimal dosage for hydrolyzing phytic acid in the feed,
thereby increasing protein digestibility. The addition of phytase enzyme to feed can
hydrolyze the phytate-protein complex compounds into amino acids that are easily
digested for fish growth (Von Danwitz et al 2016). Norag et al (2018) reported that
phytase supplementation assists in the hydrolysis of phytates, resulting in improved
nutrient digestion in fish. Furthermore, Wang et al (2009) reported that breaking down
phytate-protein complex bonds can increase trypsinogen and trypsin enzyme activities,
which break down proteins into amino acids. Increased protein digestibility means
greater absorption of amino acids, thus improving the overall protein digestion. Similar
studies have been reported by Shahzad et al (2021) on C. carpio, Rachmawati et al
(2024) on O. niloticus, Hussain et al (2017) on Labeo rohita, and Rachmawati et al
(2023a) on C. gariepinus.

The Java barb juveniles fed with feed supplemented with phytase enzyme at a
dose of 1000 FTU/kg (test feed E) had the highest FUE of 80.14+0.12%, and the lowest
FUE was found in treatment A (0 FTU/kg feed) at 53.38+0.12. The highest FUE value in
treatment E is suspected to be because the phytase enzyme dosage of 1000 FTU/kg feed
is the optimal dose for hydrolyzing phytic acid, thereby allowing the protein to be
efficiently utilized and digested by the fish, which increases the FUE. A high FUE value
indicates that the fish can efficiently absorb protein to support its growth, rather than
using it for metabolism, osmoregulation, and reproduction (Salem et al 2022).
Furthermore, Kaiza et al (2023) stated that the addition of phytase enzyme could reduce
the phytic acid content in feed ingredients, thus increasing the value of FUE. The FUE
value is directly proportional to the fish growth rate (RGR) but inversely proportional to
the FCR value. This can be observed in the FCR and RGR values (Table 2), which showed
that treatment E had the lowest FCR value, while the RGR value was the highest
compared to the other treatments. This is supported by Rachmawati et al (2023a), who
reported that phytase enzyme supplementation in feed can result in the highest FUE and
RGR, and lowest FCR values compared to other experimental feeds. Similar results were
reported by Rachmawati et al (2024) for O. niloticus, Salem et al (2022) for S. aurata,
and Rachmawati et al (2023b) for C. carpio.

The results of the study in Table 2 show that the Java barb juveniles fed with test
feed E produced a higher PER value than other treatments. This is presumed to be
because the phytase enzyme dosage used was appropriate and thus able to optimally
hydrolyze phytic acid, resulting in increased protein digestibility, which in turn improved
the PER of the Java barb juveniles. Nie et al (2017) stated that the addition of phytase
enzyme in feed can increase the availability of protein, thereby improving the fish PER.
Norag et al (2018) reported that phytase enzyme in feed can break down and separate
the bonds between phytic acid and protein into their constituent amino acids, so that the
protein is easily absorbed, increasing the protein efficiency ratio of the fish body.
Furthermore, Rachmawati et al (2024) suggested that supplementation of feed with
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phytase enzyme can hydrolyze complex phytate-protein compounds into amino acids that
are easily digested for fish growth, thus, PER values increase. Similar results were
reported by Rachmawati et al (2023a, b, 2024) and Xu et al (2022).

The highest RGR was obtained in the Java barb juveniles fed with feed
supplemented with phytase enzyme at a dose of 1000 FTU/kg feed (test feed E) at
4.36%0.10% day!, followed by a dose of 750 FTU/kg feed (test feed D) at 3.82+0.12%
day!, a dose of 1250 FTU/kg feed (test feed F) at 3.48+0.12% day!, a dose of 500
FTU/kg feed (test feed C) at 3.14+0.13% day!, a dose of 250 FTU/kg feed (test feed B)
at 2.86+0.17% day!, and a dose of 0 FTU/kg feed (test feed A) at 2.52+0.12% day'.
The highest RGR in the Java barb juveniles fed with feed supplemented with phytase
enzyme at a dose of 1000 FTU/kg feed is thought to be due to this dose being the most
optimal for helping the Java barb juveniles increase FUE, PER, and reduced FCR, thus
improving their growth rate. The addition of phytase enzyme to feed can hydrolyze
complex phytate-protein compounds into amino acids that are easily digested, thereby
increasing FEU, fish growth and decreasing FCR (Nie at al 2017; Salem et al 2022;
Shahzad et al 2022; Rachmawati et al 2024).

The results of the analysis of variance (Table 2) showed that supplementation of
phytase enzyme in feed with different doses did not have a significant effect (p > 0.05)
on the SR of the Java barb juveniles. This is thought to be due to the absence of a direct
effect of phytase enzyme supplementation on the SR in the Java barb juveniles during
the study. Yakuputiyage (2011) reported that feed did not affect the SR, because the SR
was influenced by the initial treatment of the fish and water quality. Hepher (1988)
stated that the SR of fish can be influenced by internal and external factors. Internal
factors concern the fish health, age, genetics, and adaptability to the environment, while
external factors concern the environmental conditions, such as cultivation management,
environmental factors, competition and predation, and water quality. Aquaculture
environment is one of the most important factors to consider because it can affect the SR
of fish (Salem et al 2022).

Table 3 shows that phytase enzyme supplementation in the feed affects body
protein content and ash levels, but does not affect fat content and dry matter in the Java
barb juveniles. The increase in body protein content of the Java barb juveniles in this
study was supported by an increase in PER in these fish (Table 2). In addition, the Java
barb juveniles fed with feed supplemented with phytase enzyme at a dose of 1000
FTU/kg feed (test feed E) also had the highest protein digestibility, followed by the
highest FUE compared to the other test feeds. Biswas et al (2019) stated that
supplementation of phytase enzyme in feed increases protein digestibility, which is
directly proportional to the increase in the PER and FUE in fish. Similar results were
reported by Hussain et al (2017) in L. rohita, Bulbul et al (2015) in M. japonicus, and
Rachmawati et al (2023a) in C. gariepinus. The results of this study also show that
phytase enzyme supplementation in feed can increase the ash content in the body of the
Java barb juveniles. This is consistent with the statement of Bulbul et al (2015) that
adding phytase enzyme to feed can increase the ash concentration in the body of M.
japonicus. Furthermore, Liebert & Portz (2005) also reported that ash content in the
scales and backbone of O. niloticus increased significantly when fed a diet containing the
phytase enzyme.

Conclusions. The results of this study indicated that supplementation of phytase
enzyme in the feed had a significant effect (p < 0.05) on protein digestibility, feed
utilization efficiency, growth, and body chemical composition of Java barb (B. gonionotus)
juveniles. A phytase enzyme dosage of 1000 FTU/kg feed is the optimal dosage for
supplementing phytase enzyme in the feed of the Java barb juveniles, resulting in the
highest values for ADCp (82.74+0.22%), FUE (80.14+£0.12%), PER (2.52%+0.04), and
RGR (4.36+0.10%/day). Supplementation of phytase enzyme in the feed affects body
protein content and ash levels, but does not affect the fat content or dry matter of the
Java barb juveniles.
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