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ABSTRACT
A 90-day feeding trial was conducted to investigate the effects of phytase supplemented Distiller’s Dried
Grains with Soluble (DDGS) based diet on the production performance, tissue composition, nutrient
digestibility and activity of anti-oxidant enzymes in the gills of mrigal (Cirrhinus mrigala) juveniles. Six
experimental diets were formulated to contain increasing levels of supplemental phytase, 0 (D1), 250
(D2), 500 (D3), 750 (D4), 1000 (D5), and 1250 (D6) phytase (FTU/kg). Each experimental diet was
randomly assigned and fed three times daily to triplicate groups of 180 fish. Significant increase in body
weight gain and specific growth rate, feed conversion and protein efficiency ratios of groups fed up to
750 FTU/kg were observed. Broken line analysis of Specific Growth Rate showed that the optimal
dietary phytase level of mrigal juveniles is 750 FTU /kg or higher than this dose. Results among protein,
lipid, moisture, ash and P contents of whole body, muscle, liver and viscera were not significantly
different as phytase level increased from 250 FTU/kg to 1250 FTU/kg (D2 to D6). It was concluded that
phytase at the rate of 750 FTU /kg is the optimum dose for the enhanced growth in juvenile mrigal.
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Introduction

Distiller’s Dried Grains with Soluble (DDGS) is a by-product of
ethanol distillation and an enriched feedstuff containing valu-
able nutrients for the growth and support to gastrointestinal
and immune functions of fish and has a lower cost on a
protein-unit basis compared to other protein sources used in
aquaculture (Jacob et al. 2008; Slominski 2012; Swiatkiewicz
et al. 2016; Akhtar et al. 2020). Several studies have reported
improved fish growth when employing diets for Nile Tilapia
that include DDGS (Oreochromis niloticus) and channel catfish
(Ictalurus punctatus) (Schaeffer et al. 2009; Li et al. 2010; Cheva-
nan et al. 2010).

Phosphorus (P) is an important component for fish in various
ways as a main constituent of nucleic acids, cell membranes,
and fish bones. A diet with considerable amounts of low-bioa-
vailable P may hinder fish growth and increase pollution of
receiving waters (Ganga et al. 2015; Maas et al. 2021). In
plants, 50–80% of P is generally stored in the form of IP6,
also known as phytate (C6H18O24P6) (Francis et al. 2001; Frank
et al. 2007). Plant-based proteins such as soybean meal are con-
centrated in protein and amino acids and have been widely uti-
lized in fish feeds in recent decades (Ng and Romano 2013).
However, phytate comprises the main storage form of P in
plants and is virtually indigestible to monogastric animals,

including fish. Moreover, data shows that the adverse effects
of dietary IP6 in monogastrics extend beyond limited P avail-
ability. For instance, IP6 is known to act as a chelating agent
of some divalent minerals, thereby decreasing their bio-avail-
ability due to the non-absorbable nature of IP6-mineral com-
plexes from the gastrointestinal tract (Greiner and Konietzny
2006; Cao et al. 2007). Because fish lack endogenous phytase
(myo-inositol hexakisphosphate phosphohydrolase), the
enzyme required for phytate breakdown, phytase has been
added to fish diets containing phytate-bearing ingredients to
mediate hydrolysis and increase availability of phytate-P
(Sajjadi and Carter 2004). Worldwide, various studies were
reported on dietary phytase supplementation and their
effects on different fish species such as Labeo rohita, Oncor-
hynchus mykiss, Oreochromis niloticus, and Psetta maxima
(Cao et al. 2007; Adeoye et al. 2016; Von Danwitz et al. 2016;
Dersjant-Li et al. 2017; Maas et al. 2021).

Antioxidant enzymes have been utilized as indicators of the
antioxidant status of organisms and as biomarkers for assessing
oxidative stress (Ayhan and Zeliha 2009; İbrahim et al. 2011;
Kakoolaki et al. 2013). The enzymes namely Catalase (CAT),
superoxide dismutase (SOD), and glutathione peroxidase
(GPx) have been identified in the tissues of many teleosts,
such as salmonids, lutjanids, pomadaysids, sciaenids, mullets,
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seabreams, and tunas (Fuat et al. 2014). Moreover, Zeliha (2018)
states that these enzymes play a crucial role in providing anti-
oxidant protection against cellular damages. Therefore, the
presence of these antioxidant enzymes plays a significant role
in preserving a relatively low concentration of the hydroxyl
radical, which is known to be reactive and detrimental to bio-
logical systems (Kakoolaki et al. 2013; Zeliha 2018). The
organs of interest for assessing the impact of tissue damage
include gills, liver, and muscle (Korkmaz et al. 2009). The moni-
toring of tissue damage resulting from dietary phytase sup-
plementation can be conveniently conducted due to the
constant exposure of fish gills to the surrounding environment
(Fuat et al. 2014; Zeliha 2018).

Cirrhinus mrigala belonging to the family Cyprinidae is the
major cultured species of Pakistan. They are bottom feeder and
mainly feed on decaying vegetable materials. It has a great com-
mercial value, grow in semi-intensive polyculture setup and gen-
erally feed on formulated diet prepared with plant byproducts
(Hussain et al. 2011, 2018). It is very necessary to prepared econ-
omically promoted cost effective diet to improve carp farming
(Chen et al. 2022). Therefore, the study aims to determine the
optimum dose of microbial phytase in DDGS-based diets for
mrigal fish based on growth, nutrient digestibility, tissue compo-
sition, and activity of antioxidant enzymes in gills.

Materials and methods

A total of 108 Mrigal juveniles weighing (12.14 ± 1.52 g) were
collected from the Government Fish Seed Hatchery, Bahawal-
pur, and brought to the laboratory located in the Department
of Zoology, Government Sadiq College Women University,
Bahawalpur, Pakistan. They were acclimatized in the laboratory
for 30 days and initially fed with 33% protein diet. Experimental
tanks (40× 30 × 30 cm, L ×W × H, 120-L) were designed specifi-
cally for the purpose of fecal matter collection of the fish from
water media. In each tank (replicate), 18 juveniles were kept
and fed with the basal diet thrice a day as described in previous
digestibility studies (Allan and Rowland 1992). The temperature
(24.9–28.7°C), pH (7.4–8.6), and dissolved oxygen (D.O; 5.8–
7.3 mg L−1) were monitored and sustained within acceptable
range throughout the study by using Jenway pH and tempera-
ture digital meter (model 3510), and dissolved oxygen (DO)
digital meter (model 970). Proper aeration through aeration
capillaries was maintained in the tanks.

Components of feed and preparation of experimental
diets

The ingredients for the experimental diets were obtained from a
nearby feed store and phytase (Ronozyme, NOVOZYME®, DSM
Nutritional Products, Switzerland) was purchased as powder
form and mixed in distilled water to make a solution. Six exper-
imental diets (designated asD1,D2,D3,D4,D5, andD6)were for-
mulated using DDGS at 540 g /kg comprises 33% crude protein
(CP) and 10.0% crude lipid (CL). The supplemental phytase level
included in the diet as D1 (0 FTU/kg), D2 (250 FTU/kg), D3 (500
FTU/kg), D4 (750 FTU/kg), D5 (1000 FTU/kg) and D6 (1250 FTU/
kg) as shown in Table 1. Ingredients were mixed with the
water (400 mL /kg) then cold press extruded to produce

pellets (2 mm diameter). Chromic oxide (0.55) was mixed as an
indicator for digestibility determination (Abbas and Siddiqui
2013). The diets were dried at 45°C in an air convection oven.
The tentative feed was kept in sealed bags before use, while,
moisture content was checked using AOAC (2000) methods.

Feeding protocol and sample collection

Mrigal juveniles were hand fed thrice daily (7:00, 12:00, and
17:00 h) for 90 days on 2% regular ration, which was adjusted
fortnightly on the basis of total body weight. Regular feed pro-
vided was noted and un-eaten feed was collected for the inves-
tigation of total feed intake and feed efficiency ratio. The
quantity of food to be supplied was modified based on bi-
monthly sampling for weight and length measurements per
treatment (Debnath et al. 2005; Abbas and Siddiqui 2013).
Light regime of photoperiod of 12L: 12D phase was maintained
throughout the experimental period.

Nutrient digestibility determination

Fish fecal matter was collected from each tank once a day every
morning prior to feeding till the end of experiment. Fecal waste
was carefully removed from the fecal collection tube at the
bottom of the tank by simple filtration. The samples were
than dried, grounded and stored at −18°C for further analysis.
Fecal samples were collected during the whole trial except for
the first week.

Growth indices

The growth efficiency of the juveniles were determined by
using the following parameters: Weight gain (WG) = 100 ×
[(final body weight – initial body weight) / initial body
weight]; Specific growth rate (SGR) = 100 × [ln final body
weight – ln initial body weight / time in days]; Feed intake
(FI) = total feed fed as % body weight – total uneaten feed;
Feed conversion ratio (FCR) = total feed fed (g) / total wet
weight gain (g); Protein efficiency ratio (PER) = weight gain /
protein intake; Apparent digestibility coefficient (ADC) of nutri-
ent or energy = 100 × [1 − (dietary Cr2O3 / fecal Cr2O3) × (fecal
nutrient or energy/ dietary nutrient or energy)]; Condition
factor (CF) = 100 × (weight / length3); Viscerosomatic index
(VSI) = 100 × [wet weight of visceral organs and associated fat
tissue (g) / wet body weight (g)]; Hepatosomatic index (HSI)
= wet liver weight (g) / empty fish weight (g) × 100; Mesenteric
fat index (MFI) = 100 × [mesenteric fat weight (g) / wet body
weight (g)]; Nutrient gain = nutrient in whole body of final
fish – nutrient in whole body of initial fish; Non-faecal excreted
nutrient = digestible nutrient – nutrient gain; Nutrient retention
efficiency (%) = nutrient gain / digestible nutrient intake × 100.

Chemical analysis

Five juvenile fish from each tank were randomly selected and
dissected to obtain their liver and visceral mass for the investi-
gation of somatic indices (Hepatosomatic index, Visceroso-
matic index, and Mesenteric fat index) and samples of liver
and viscera were weighed and stored (−20̊C) for subsequent
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proximate analysis. Furthermore, 5 fish juveniles were pooled
and euthanized from each tank and stored (−20̊C) for whole
body proximate investigation according to AOAC (2000)
method. For the calculation of moisture content, samples
were dried into an oven (Labostar-LG 122, Japan) for about
twelve hours at 105°C for the determination of crude protein
(N × 6.25) using micro Kjeldahl method after an acid digestion
(Buchi 430/323, Switzerland). Crude fat content was deter-
mined using the petroleum ether (PE) extraction procedure
(Soxhlet HT2 1045 method) outlined by Bligh and Dyer
(1959). Ash determination by burning in a muffle furnace
(Isuzu, Japan) at 550°C for total 18 h. Phosphorus was deter-
mined by spectrophotometric method using molybdovandate
reagent. Acid detergent fiber was used to examine crude
fiber and gross energy was estimated by bomb-calorimeter
(Model-1265, USA). Whereas, chromic oxide (Cr2O3) with fecal
samples of the fish was evaluated by wet-acid digestion
method reported by Furukawa and Tsukahara (1966) and
apparent digestibility (AD) approximations was calculated
using technique of Bureau et al. (1999).

Gills antioxidant enzymes

The dissected and separately stored gills of Cirrhinus mrigala
were washed with the help of phosphate buffer (PBS) having
pH 6.5 (0.2M) in order to eliminate RBCs. It was then thoroughly

normalized in PBS (1:4 w/v) using a mixer. Later on, the mixture
was mounted onto centrifuge and set for 10,000 rpm at 4°C.
After 15 min of centrifugation the supernatants were separated
and preserved at -80°C for enzyme activity of Catalase, superox-
ide dismutase (SOD) and glutathione peroxidase (GPx).

Statistical investigation

All data were subjected to one-way analysis of variance
(ANOVA) using Costate Computer Software (Version 6.303).
The student Newman Kaul’s significant difference test was
used to compare the deviations between mean values at sig-
nificance level of P < 0.05. The optimal dietary phytase level
for SGR was estimated by the broken line regression model
(Robbins et al. 1979).

Results

Growth profile

As shown in Table 2, final weight, total WG and SGR of juvenile
mrigal improved significantly (P < 0.05) with dietary phytase
levels (D4, D5 and D6) supplementation compared to the
control (Table 2). The FI and FCR, and PER were significantly
(P < 0.05) reduced in supplemented groups compared to the
fish in the control group. On the other hand, PER significantly
(P < 0.05) increased in D4 compared to the control.

Table 1. Formulation and chemical investigation of the experimental diets.

Dietary Phytase level (FTU /kg)

Ingredients1 (g /kg DM) D1-0 D2-250 D3-500 D4-750 D5-1000 D6-1250

Fish meal 140 140 140 140 140 140
Soybean meal 140 140 140 140 140 140
Corn DDGS 540 540 540 540 540 540
Wheat flour 70 70 70 70 70 70
Tapioca flour 15 15 15 15 15 15
Fish (cod) liver oil 70 70 70 70 70 70
Vitamin mixture2 10.0 10.0 10.0 10.0 10.0 10.0
Mineral mixture2 10.0 10.0 10.0 10.0 10.0 10.0
Chromic oxide (Cr2O3) 5.0 5.0 5.0 5.0 5.0 5.0
Chemical analysis [Dry matter basis (%); mean ± SE, number of
determinations = 3].

Moisture 8.2 ± 0.9 7.9 ± 0.4 7.7 ± 0.3 7.9 ± 0.4 7.9 ± 0.3 7.9 ± 0.8
Crude protein3 (% DM) 33.3 ± 1.4 32.9 ± 1.8 32.8 ± 1.3 32.7 ± 1.6 33.1 ± 1.7 32.9 ± 1.4
Crude lipid (% DM) 9.6 ± 1.5 10.4 ± 1.6 10.2 ± 1.4 10.3 ± 1.6 10.0 ± 1.3 9.7 ± 1.2
Total phosphorus (% DM) 0.61 ± 0.03 0.62 ± 0.05 0.60 ± 0.03 0.58 ± 0.01 0.60 ± 0.03 0.63 ± 0.04
Phytate phosphorus (% DM) 0.25 ± 0.02 0.27 ± 0.01 0.26 ± 0.04 0.25 ± 0.05 0.27 ± 0.03 0.28 ± 0.02
Non-phytate phosphorus (% DM) 0.36 ± 0.04 0.35 ± 0.03 0.34 ± 0.01 0.33 ± 0.02 0.36 ± 0.01 0.35 ± 0.03
Crude fiber (% DM) 13.4 ± 0.52 13.3 ± 1.3 13.5 ± 1.1 13.2 ± 1.2 13.1 ± 0.9 13.4 ± 1.5
Ash (% DM) 6.9 ± 0.5 6.8 ± 0.7 7.3 ± 0.4 7.4 ± 1.3 7.3 ± 0.6 7.8 ± 0.5
NFE4 (% DM) 29.1 ± 0.4 28.7 ± 0.9 28.8 ± 0.7 28.2 ± 0.8 28.3 ± 0.5 28.5 ± 0.6
Phytase5 (FTU /kg) <80 ± 0.2 221 ± 0.1 476 ± 0.3 710 ± 0.2 930 ± 0.4 1215 ± 0.2
Gross energy (kJ g–1 DM) 21.3 ± 0.2 21.2 ± 0.4 21.3 ± 0.6 21.4 ± 0.7 21.2 ± 0.1 21.3 ± 0.5
Digestible protein6 (DCP, % DM) 23.92 ± 1.37 27.62 ± 1.52 28.53 ± 1.31 29.78 ± 1.66 30.22 ± 1.83 30.63 ± 1.52
Digestible lipid7 (DL, % DM) 8.77 ± 1.19 9.68 ± 1.41 9.85 ± 1.20 10.23 ± 1.6 9.94 ± 1.2 9.69 ± 1.32
Digestible phosphorus8 (DP, % DM) 0.56 ± 0.01 0.53 ± 0.02 0.54 ± 0.01 0.53 ± 0.02 0.55 ± 0.03 0.54 ± 0.01
Digestible energy9 (DE, kJ g–1 DM) 11.49 ± 1.27 13.98 ± 1.45 16.15 ± 1.44 17.54 ± 1.39 18.77 ± 1.80 19.77 ± 1.38
DCP/DE (mg kJ–1) 18.52 ± 1.65 18.76 ± 1.42 18.67 ± 1.59 17.98 ± 1.88 17.70 ± 1.92 17.56 ± 1.40
1Feed ingredients were purchased from local markets of Bahawalpur and Karachi, Pakistan
2Mixture of minerals and vitamin were purchased from local markets of Bahawalpur and Karachi, Pakistan
3Kjeldahl method (Nitrogen × 6.25).
4NFE = nitrogen-free extract [carbohydrate content = 100 – (% moisture + % protein + % fat + % ash + % fiber)].
5FTU = One phytase unit (FTU) is the number of enzymes that liberates 1 micromole of inorganic phosphorus per minute from 0.0051 mol/l sodium phytate at 37 °C
and pH 5.50 under the conditions of the test. Phosphorus was determined by spectrophotometric method using molybdovandate reagent.

6Digestible protein = crude protein × protein digestibility/100.
7Digestible lipid = crude lipid × lipid digestibility/100.
8Digestible phosphorus = crude phosphorus × phosphorus digestibility/100.
9Digestible energy = gross energy × energy digestibility/100; Digestible protein to digestible energy ratio = digestible protein mg / digestible energy kJ.
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The ADC of drymatter, protein, lipid, phosphorus and energy
were significantly (P < 0.05) increased by graded level of phytase
inclusion in the experimental diet. No significant (P < 0.05)
change was noted in fish from the level of 750 FTU /kg to 1250
FTU /kg (D4 to D6) in most cases except ADC of energy.

Table 3 shows non-significant (P > 0.05) results among protein,
lipid,moisture, ash andP contents ofwholebody,muscle, liver and
viscera as increased phytase level from250 FTU/kg to 1250 FTU/kg
(D2 toD6). TheCF valuedid not showsignificant difference among
different experimental groups. However, VSI, HIS andMFIwere sig-
nificantly (P < 0.05) decreased in fish fed upgraded dietary phytase
level at 500 FTU/kg and above.

Table 4 describes the effects of graded levels of phytase sup-
plementation on SOD, CAT, and GPx activity in the gills of
mrigal juveniles fed with DDGS based diet. No significant differ-
ence was found in concentration of these enzymes in fish.

ThebodyWGshowedtheoptimaldietaryphytase levelof juven-
iles Cirrhinus mrigala is 750 FTU/kg (Figure 1). No mortality was
experimented, as all fish performed healthy during the trial period.

Figure 2 shows the retention of N and P in response to
phytase supplementation in fish. The results showed that N
retention was significantly lower in the supplemented groups
compared to the control. Similarly, P retention was significantly
(P < 0.05) higher in the control fish and those supplemented
with 750 and 1250 FTU /kg. Nitrogen retention in fish juveniles
was significantly decreased by phytase supplementation into
investigational diets from 48.63% in D1 diet to 37.08% in D2
diet. However, upgraded phytase levels increased nitrogen
retention efficacy from D3 (43.36%) to D6 (47.05%). Whereas,
P retention was also decreased in fish fed D2 (43.13%) from
D1 (62.21%) and gradually improved by increasing dietary
phytase level from (48.19%) in fish fed D3 to D6 (71.29%).

Discussion

This study investigated the effects of several dietary phytase
levels on the growth of mrigal juveniles on growth, digestibility

and antioxidant status. Among the six phytase levels tested, it
was found that the ideal level was 750 FTU/kg. The sup-
plemented range of phytase (750–1000 U /kg) in the fish diet
has been described by Cao et al. (2007) and Hussain et al.
(2014) as having positive effects on various aspects of fish per-
formance, including higher BWG, improved feed conversion
efficiency, enhanced nutrient digestibility, increased mineral
absorption, and enhanced protein deposition. Hussain et al.
(2011), Von Danwitz et al. (2016), Rachmawati et al. (2017),
Mahmoud et al. (2019), Akhtar et al. (2020), and Miller et al.
(2021) have demonstrated that an appropriate dietary
phytase content, which is comparable or higher, is beneficial
for several fish species. In addition, Sajjadi and Carter (2004)
observed increased growth rates in Atlantic salmon that were
fed a diet supplemented with phytase, regardless of the pres-
ence or absence of phytic acid. The optimal phytase level can
vary depending on the specific species of fish, different
sources and products, feed formulation (particularly substrate),
and other response parameters. Previous studies have reported
different recommended levels of phytase for various fish
species, such as 250–500 U /kg for Zctalurus punctatus and
Clarias gariepinus (Weerd 1999), 1000 U /kg for Morone saxatilis
(Papatryphon et al. 1999), 500–1500 U /kg for Oreochromis nilo-
ticus (Liebert and Portz 2005), 800–1000 U /kg for Cyprinus
carpio (Bai et al. 2003), 1000 U /kg for Sebastes schlegeli (Yoo
et al. 2005), and 500–1000 U /kg for Pangasius pangasius
(Debnath et al. 2005).

In our investigation, we observed a significant correlation
between a higher feed intake (FI) and a lower dietary phytase
level (0, 250, and 500 FTU /kg) in mrigal fish juveniles. This
finding suggests that these juveniles consumed a greater
amount of dry matter diet in order to adjust the phytase
intake according to their specific needs. According to Adeoye
et al. (2016), the addition of phytase aids in the hydrolysis of
phytate, hence enhancing the digestion of nutrients in fish.
Nevertheless, it has been observed that an elevated dosage
can impede the growth of fish and perhaps result in the

Table 2. The growth rate, feed utilization efficiency and apparent digestibility of protein, lipid and energy % of juvenile mrigal fed different dietary phytase levels for 90
days.

Dietary Phytase level (FTU /kg)

Parameters D1-0 D2-250 D3-500 D4-750 D5-1000 D6-1250

Initial weight (g) 12.14 ± 1.49a 12.12 ± 1.52a 12.14 ± 1.48a 12.13 ± 1.50a 12.11 ± 1.51a 12.15 ± 1.53a

Final weight (g) 64.81 ± 1.53a 73.52 ± 1.34b 83.63 ± 1.13c 97.62 ± 1.33d 97.55 ± 1.80d 97.62 ± 1.52d

Weight gain (WG, g) 52.67 ± 1.42a 61.40 ± 1.27b 71.49 ± 1.40c 85.49 ± 1.39d 85.44 ± 1.28d 85.47 ± 1.32d

WG1 (%) 432.42 ± 6.28a 501.43 ± 8.30b 584.41 ± 9.43c 697.13 ± 5.22d 696.70 ± 5.45d 696.61 ± 8.22d

SGR2 (% IBW/day) 1.87 ± 0.01a 1.98 ± 0.02b 2.24 ± 0.03c 2.33 ± 0.02d 2.32 ± 0.04d 2.32 ± 0.02d

FI3 (g DM fish−1) 639.6 ± 2.11d 596.35 ± 4.66c 562.9 ± 3.58b 525.33 ± 2.73a 524.8 ± 4.41a 524.73 ± 6.45a

FCR4 1.47 ± 0.01d 1.19 ± 0.03c 0.96 ± 0.02b 0.74 ± 0.03ab 0.74 ± 0.01a 0.74 ± 0.03a

PER5 2.43 ± 0.03a 2.57 ± 0.02b 2.75 ± 0.03c 3.12 ± 0.01d 2.78 ± 0.02c 2.53 ± 0.04b

ADC6 (dry matter) 50.34 ± 0.21a 51.20 ± 1.20a 52.4 ± 1.55b 64.5 ± 1.63c 72.0 ± 0.72d 81.1 ± 1.45e

ADC6 (protein) 71.84 ± 1.83a 83.95 ± 1.57b 86.99 ± 1.65bc 91.10 ± 1.52c 91.31 ± 1.93c 93.10 ± 1.44c

ADC6 (lipid) 85.11 ± 2.01a 93.11 ± 1.51b 96.55 ± 1.62bc 97.81 ± 1.14c 98.40 ± 1.43c 98.42 ± 1.57c

ADC6 (phosphorus) 73.17 ± 2.89a 86.45 ± 3.58b 91.82 ± 4.02bc 95.88 ± 2.54c 96.36 ± 5.13c 97.11 ± 1.44c

ADC6 (energy) 53.98 ± 1.46a 65.93 ± 1.75b 75.83 ± 1.55c 81.94 ± 1.24d 88.53 ± 1.74e 92.81 ± 1.43f

Survival (%) 100 100 100 100 100 100

Mean ± SE, n = 3 and each n consists of 18 fish per replicate. Values of the similar row having different superscripts are found significant (P < 0.05).
1Weight gain, WG % = 100 × [(final body weight – initial body weight) / initial body weight]
2Specific growth rate, SGR % = 100 × [ln final body weight – ln initial body weight / days]
3Feed conversion ratio, FCR = total feed fed (g) / total wet weight gain (g)
4Feed intake, FI = total feed fed as % body weight – total uneaten feed
5Protein efficiency ratio, PER = weight gain / protein intake
6Apparent digestibility coefficient of nutrient or energy, ADC = 100 × [1 − (dietary Cr2O3 / fecal Cr2O3) × (fecal nutrient or energy/ dietary nutrient or energy)]
Survival rate % = 100 × (final body weight)/ (initial body weight).
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competitive inhibition of essential minerals such as magnesium
(Mg), zinc (Zn), iron (Fe), and cations during the process of
assimilation (Roy and Lall 2003; Cong-mei et al. 2021). Several
studies have provided evidence to suggest that the inclusion
of dietary phytase significantly increased the feeding intake
of fish compared to a diet without phytase supplementation
(Vielma et al. 2004; Von Danwitz et al. 2016). However, this
claim has been contradicted in the case of rainbow trout,
Oncorhynchus mykiss (Barnes et al. 2012), Nile tilapia (Oreochro-
mis niloticus), and Atlantic salmon (Salmo salar) by Maas et al.
(2021) and Sajjadi and Carter (2004), respectively.

In the current investigation, the parameters of FCR, SGR, and
PER exhibited a progressive increase as the dietary phytase
level was incrementally raised to 750 FTU /kg, coinciding with
an elevation in body growth. Previous studies have documen-
ted similar findings in relation to other fish juveniles, such as
tilapia (Liebert and Portz 2005; Adeoye et al. 2016; Maas et al.
2018), channel catfish (Li et al. 2010; Li et al. 2011), African
catfish (Yildirim and Turan 2010), largemouth bass (Miller
et al. 2021), Japanese seabass (Ai et al. 2007), turbot (Von
Danwitz et al. 2016), carp (Nwanna and Schwarz 2007), and
rohu (Hussain et al. 2011), with the exception of Nile tilapia
(Maas et al. 2021). Therefore, the increased availability of
dietary P resulted in higher FCR, SGR, and PER compared to a
P-deficient diet, as reported by Vielma et al. (2004) and Cong-
mei et al. (2021). The survival rate of C. mrigala juveniles in

our experiment was found to be 100%, which is consistent
with the findings of previous studies conducted by Adeoye
et al. (2016) and Maas et al. (2021). These studies explored
the effects of feeding Nile tilapia (O. niloticus) with either a
single or a combination of phytase supplemented diets for a
duration of 36 and 42 days, respectively.

Phytase assessment has been thoroughly established in the
literature during the previous two decades. Early and contem-
porary investigations on phytase addition in fish diets have
consistently found that it improves growth performance and
nutrient digestibility. According to the literature, the effects
of phytase at high doses are connected to the enzyme’s
ability to release bounded phosphorus in low non-phytic phos-
phorus diets (Miller et al. 2021), hence boosting phosphorus
bioavailability (Cozannet et al. 2023). Furthermore, our study
revealed enhanced digestibility as shown by increased ADC
of dry matter, protein, fat, P, and energy when phytase sup-
plementation levels were elevated. Vandenberg et al. (2012),
Von Danwitz et al. (2016), Maas et al. (2021) and Miller et al.
(2021) had comparable results. They claimed that there had
been a considerable rise in the ADC of protein, fat, and phos-
phorus, which had benefited growth and may have improved
the utilization of plant protein sources in fish diet. Similarly,
multiple studies have demonstrated that adding phytase to
various types of fish meals successfully boosted the nutritional
content of all nutrients (Cowieson et al. 2006).

Table 3. Total proximate composition (% on wet weight basis) of whole body, muscle, liver and viscera of juvenile mrigal fed various dietary phytase levels for 90 days.

Dietary Phytase level (FTU /kg)

Parameters D1-0 D2-250 D3-500 D4-750 D5-1000 D6-1250

Whole body
Moisture 73.45 ± 1.78 72.89 ± 1.67 73.12 ± 1.45 73.34 ± 1.56 73.56 ± 1.56 73.56 ± 2.01
Protein 19.45 ± 0.56 19.78 ± 0.56 19.23 ± 0.67 19.45 ± 0.45 19.78 ± 0.89 19.56 ± 0.78
Lipid 9.34 ± 0.56 9.12 ± 0.57 9.78 ± 0.89 9.67 ± 0.89 8.56 ± 0.66 8.48 ± 0.79
Ash 2.45 ± 0.67 2.34 ± 0.78 2.46 ± 0.13 1.76 ± 0.77 2.25 ± 0.46 2.34 ± 0.86
Phosphorus 0.57 ± 0.01 0.55 ± 0.03 0.56 ± 0.01 0.53 ± 0.02 0.56 ± 0.03 0.58 ± 0.01
Muscle
Moisture 72.89 ± 0.98 72.65 ± 1.33 72.98 ± 1.68 72.55 ± 1.57 72.78 ± 1.35 72.98 ± 1.63
Protein 19.35 ± 1.68 19.56 ± 1.24 19.48 ± 1.88 19.34 ± 1.45 19.57 ± 1.78 19.64 ± 1.45
Lipid 2.87 ± 0.67 2.78 ± 0.45 2.56 ± 0.24 2.45 ± 0.56 2.45 ± 0.68 2.35 ± 0.45
Ash 2.95 ± 0.58 2.95 ± 0.25 2.35 ± 0.34 2.87 ± 0.86 2.88 ± 0.89 2.71 ± 0.56
Phosphorus 0.53 ± 0.02 0.50 ± 0.01 0.52 ± 0.01 0.54 ± 0.03 0.57 ± 0.02 0.56 ± 0.01
Liver
Moisture 59.56 ± 1.52 59.62 ± 1.35 59.72 ± 0.57 59.44 ± 0.35 59.89 ± 0.78 59.58 ± 1.35
Protein 17.33 ± 0.63 17.40 ± 0.62 17.35 ± 0.56 17.12 ± 0.69 17.45 ± 0.95 17.35 ± 0.79
Lipid 10.78 ± 0.67 10.56 ± 0.57 10.46 ± 1.79 9.89 ± 0.65 9.66 ± 0.47 8.99 ± 0.85
Ash 1.85 ± 0.46 1.97 ± 0.47 1.89 ± 0.55 2.23 ± 0.78 1.85 ± 1.25 2.34 ± 0.58
Phosphorus 0.58 ± 0.03 0.54 ± 0.02 0.54 ± 0.02 0.54 ± 0.01 0.56 ± 0.03 0.58 ± 0.01
Viscera
Moisture 48.24 ± 0.68 48.46 ± 1.14 48.57 ± 0.68 48.22 ± 0.67 48.12 ± 0.56 48.35 ± 0.48
Protein1 19.35 ± 0.57 19.75 ± 0.55 19.23 ± 0.68 19.45 ± 0.45 19.78 ± 0.87 19.57 ± 0.79
Lipid 4.67 ± 0.69 4.59 ± 0.95 4.46 ± 1.33 3.96 ± 1.33 3.75 ± 0.58 3.58 ± 0.85
Ash 1.36 ± 0.58 1.38 ± 0.76 1.45 ± 0.47 1.26 ± 0.54 1.35 ± 0.25 1.17 ± 0.95
Phosphorus1 0.58 ± 0.02 0.57 ± 0.01 0.57 ± 0.01 0.55 ± 0.02 0.58 ± 0.01 0.57 ± 0.03
Biological analysis
CF2 3.65 ± 0.04 3.72 ± 0.13 3.73 ± 0.02 3.65 ± 0.03 3.72 ± 0.12 3.65 ± 0.14
VSI3 8.83 ± 0.45d 8.24 ± 0.47c 7.65 ± 0.95b 7.73 ± 0.13ab 6.98 ± 0.35ab 5.98 ± 0.85a

HSI4 3.96 ± 0.11d 3.41 ± 0.22cd 2.95 ± 0.13c 2.31 ± 0.32b 1.62 ± 0.53b 0.92 ± 0.02a

MFI5 5.93 ± 0.12d 5.71 ± 0.13cd 5.10 ± 0.76c 4.63 ± 0.67b 4.51 ± 0.93ab 4.01 ± 0.43a

Mean ± SE, n = 3 and each n consists of 18 fish per replicate. Values of the similar row having different superscripts are found significant (P < 0.05). Initial body prox-
imate composition was: moisture 72.63%, protein 18.66%, lipid 6.38%, ash 1.57%, phosphorus 0.45% and energy 8.95 kJ g−1, and total lipid contents of muscle, liver
and viscera were 0.65%, 7.43% and 12.92%, respectively. The condition indices of initial fish were VSI 5.73%, HSI 0.54%, and MFI 1.34%.

1Nitrogen or phosphorus retention = 100× [(N and P in final fish × biomass final fish) − (N and P in initial fish × biomass in initial fish)]/(N and P in diet × feed intake);
2CF (Condition factor, K) = 100 × (weight / length3);
3Viscerosomatic index, VSI = 100 × [wet weight of visceral organs and associated fat tissue (g) / wet body weight (g)];
4Hepatosomatic index, HSI = wet liver weight (g) / empty fish weight (g) × 100;
5Mesenteric fat index, MFI = 100 × [mesenteric fat weight (g) / wet body weight (g)].
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In this study, a marginal decrease in the lipid content of
fish was observed when the dietary phytase level was
increased. However, no statistically significant differences
were found in the lipid content and P levels among the
entire body, muscle, liver, and viscera. Von Danwitz et al.
(2016) observed similar findings in additional fish species.
Numerous studies have employed several indices such as
CF, HSI, VSI, and MFI to assess the nutritional value of fish.
The indicators observed in the current investigation exhibited
a statistically significant decrease as the level of phytase sup-
plementation exceeded the established requirement. This
phenomenon could potentially be attributed to a decrease
in the consumption of feed. In contrast, Adeoye et al.
(2016) reported that the addition of phytase in young
tilapia (O. niloticus) did not yield any statistically significant
effects on growth indicators.

The present research demonstrated that the addition of
phytase had no impact on the antioxidant levels in the gills
of juvenile C. mrigala. The outcomes of the study conducted
by Miller et al. (2021) likewise confirmed the absence of stat-
istically significant effects on SOD and CAT in largemouth
bass. In contrast, Ye et al. (2016) reported a beneficial
impact on the activity of CAT, but found no significant
impacts on the activity of SOD in the puffer fish species Taki-
fugu obscurus. Another study, which investigated the impact
of yeast phytase supplementation over a span of 14 days,
arrived at comparable findings. It demonstrated that incorpor-
ating phytase into the diet did not yield a noteworthy effect
on catalase activity in Mycteroperca rosacea (Reyes-Becerril
et al. 2008). Conversely, a few other studies indicated that
using phytase as a dietary supplement did have a significant
impact on the oxidative activities of fish gills (Zhu et al. 2014;

Table 4. Enzymatic activity of juvenile mrigal fed different dietary phytase levels for 90 days.

Dietary Phytase level (FTU /kg)

Item D1-0 D2-250 D3-500 D4-750 D5-1000 D6-1250

SOD (U/mg protein) 7.79 ± 0.63 7.86 ± 1.24 7.88 ± 0.36 7.89 ± 0.59 7.88 ± 1.0 7.88 ± 0.55
CAT (U/mg protein) 30.18 ± 1.36 28.30 ± 1.26 30.26 ± 1.42 30.59 ± 1.19 31.76 ± 1.25 31.75 ± 1.20
GPx (U/mg protein) 72.52 ± 1.33 74.91 ± 1.20 75.36 ± 1.37 75.39 ± 1.18 76.28 ± 1.39 76.27 ± 1.14

Figure 1. Optimum dietary phytase level (FTU /kg) on weight gain (WG, g) of fish juveniles.

Figure 2. Nitrogen (N) and phosphorus (P) retention (%) in juvenile mrigal fed graded dietary phytase levels for 90 days.
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Adeshina et al. 2023). The variation in antioxidant activity
among different fish species may stem from factors such as
the dosage, duration, and source of phytase, in addition to
the specific species of fish used in the experiment. Supporting
evidence may be found in several additional studies that have
examined the activities of antioxidant enzymes in fish and
their role in reducing oxidative stress (Ayhan and Zeliha
2009; Korkmaz et al., 2009; İbrahim et al. 2011; Fuat et al.
2014). According to Gulhan and Selamoglu (2016) as well as
Zeliha (2018), it has been noted that overcrowding and
other stress-related factors have the potential to create an
unfavorable physiological state, hence increasing the vulner-
ability to infectious diseases. In addition, the impact of nutri-
tion on the health and immune responses of fish is significant.
Consequently, there has been a rise in studies focusing on the
development of dietary immunostimulant supplements,
including organic, inorganic, and synthetic substances.
These supplements are incorporated into fish feeds, with
various natural antioxidants being among the agents utilized
in their formulation.

Conclusion

It was concluded that phytase at the rate of 750 FTU /kg is the
optimum dose for the enhanced growth in juvenile mrigal.
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