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Several anti-nutritional substances are found in plant derivatives for example phytate, that make the
nutrients and minerals unavailable to fish, hence leading to poor growth performance. Presence of the
anti-nutrient factor such as phytate is a chelated compound and need enzyme for its breakdown and
availability of nutrients to improve fish growth. This research work was performed to check the improve-
ment of overall performance of Cyprinus carpio fingerlings by the help of phytase addition inMoringa olei-
fera by- products based diet. Combination of Moringa seed meal and Moringa leaf meal was utilized as
test ingredient to formulate seven test feeds, containing graded levels of phytase (0, 500, 650, 800,
950, 1100 and 1250 FTU kg�1). In feeding trial of 70 days, fingerlings were given feed two times in a
day at the rate of 4% of wet weight of their bodies and faeces were collected. According to current results,
it was found that growth performance parameters i.e. weight gain; 25 g, specific growth rate; 1.67 and
feed conversion ratio; 1.10 were improved to maximum at 950 FTU kg�1. Digestibility of nutrients (crude
protein; 73%, crude fat; 71% and gross energy; 67%) and minerals absorption was also maximum (Ca; 70%,
Zn; 66%, K; 74%, Mn; 66% and P; 71%) at 950 FTU kg�1. Lowest growth efficiency, nutrient digestibility and
mineral absorption were observed in fingerlings fed at control diet (0 FTU kg�1). Results of the current
study, proved that 950 FTU kg�1 is the most optimum level of phytase to formulate economical and eco-
friendly feed for improved growth of C. carpio fingerlings as it decreases the discharge of minerals and
nutrients in water bodies.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The fastest and developing source of animal protein is aquacul-
ture, providing almost half of the entire fish consumed worldwide
(Bostock et al., 2010). On account of the rapid human population
rise and to fulfill the need of quality food, aquaculture industry
has been developed as rapidly growing food producing sector
(Ibrahem et al., 2010). In the past, fishmeal (FM) was used as chief
source of protein in fish food (Shahzad et al., 2017), because of the
presence of large amount of essential nutrients for example amino
acids, lipids, growth factors and vitamins, high digestibility and
low level of carbohydrate (Zhou et al., 2004; Morales et al.,
2014). But, shortage and high cost of FM leads it to a need of using
low cost alternate protein sources that are plant derived (Morales
et al., 2014). Various plant by-products based diets such as corn
gluten (Hussain et al., 2015a; Hussain et al., 2018), sunflower
(Rabia et al., 2017), soybean meal (Hussain et al., 2015b; Chu
et al., 2016), Moringa oleifera seed meal (Shahzad et al., 2018a)
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and Moringa oleifera leaf meal (Shahzad et al., 2017) were given to
different fish species. One of the economical alternative source of
plant protein is Moringa oleifera, commonly recognized as ‘‘sohan-
jana” in Pakistan and easily available in southern Punjab (Hassan
et al., 2018). MOLM (M. oleifera leaf meal) was utilized as feed
for common carp (Yuangsoi and Masumoto, 2012), Nile tilapia
(Afuang et al., 2003; Richter et al., 2003), African catfish
(Samkelisiwe and Ngonidzashe, 2014) and Catla catla (Shahzad
et al., 2017), because it contains higher protein content ranging
from 25 (Makkar and Becker, 1996) to 32% (Soliva et al., 2005).
MOSM (M. oleifera seed meal) contains rich amount of protein
(32–35%), essential vitamins, amino acids (Hassan et al., 2018)
and minerals i.e. P, Na, K, Ca, Zn and Mg etc. (Anjorin et al., 2010).

But major problem in utilization of plant by-product based pro-
tein sources such as M. oleifera is the presence of several antinutri-
tional factors (Danwitz et al., 2016). Most important antinutritional
factor among these is phytic acid (PA) or phytate (Reddy, 2002). In
salt form, phytate comprises 60 to 80% of entire P (phosphorus),
chelated form of magnesium, calcium and sodium salts found in
plant based diets (Lei et al., 2013). It acts as a lock around P and
bounds with other minerals such as Mg, Mn, Cu, Fe and Ca
(Denstadli et al., 2006) and decreases their absorption (Hussain
et al., 2011a; Dawood et al., 2015; Hussain et al., 2015b). It results
in adverse effects on growth performance of monogastric and agas-
tric fishes (NRC, 1993).

Due to all these harmful effects, there is a need of breakdown of
phytate-mineral complexes present in plant by-product based
diets. Phytic acid cannot be removed easily unless some enzymatic
reactions are performed (Vielma et al., 2000). Phytase (PHY)
enzyme is very effective to catalyze the hydrolysis of PA and
extracts P, making it available for absorption (Kumar et al.,
2012a). PHY removes phosphate from PA in a stepwise process
(Lei et al., 2013). PHY is thought to be a significant feed additive
for agastric and monogastric animals to build the accessibility of
P and other fundamental nutrients (Lei and Stahl, 2000). It releases
the chelated minerals, leading to their increased absorption (Rabia
et al., 2017). Addition of PHY maximizes the bio-availability of
nutrients e.g. P and minimizes its liberation into the aquatic sys-
tem (Cao et al., 2007a; Kumar et al., 2016; Shahzad et al., 2021).
Dietary phytase addition in feed is a useful technique to progress
the feed conversion ratio (FCR), absorption of minerals, complete
digestion and retention of P in body and consequently decreases
the pollution in aquatic bodies (Hussain et al., 2011b; Liu et al.,
2013; Hussain et al., 2015b).

Common carp is a local, tropical, freshwater and rapid growing
fish (Vong et al., 2003). C. carpio is considered among the highly
important cultured species, subsisting in rivers, lakes and reser-
voirs (Xu et al., 2019). The global estimated yield of common carp
in 2014, was 4.16 million tons. The total FM consumption by com-
mon carp was estimated to be 374,000 tons in 2014 (FAO, 2014).

Purpose of the current study was to inspect the effectiveness of
PHY addition on growth, nutrient digestibility and mineral avail-
ability of C. carpio feeding on diet comprising Moringa derivatives
based meal. Moreover, it is anticipated that information perceived
from this study will be helpful to formulate an ecofriendly and
profitable fish feed.
2. Materials and methods

The current experimental work was performed to check the
improvement of overall performance of common carp fingerlings,
using Moringa derivatives, supplemented with PHY to estimate
its impact on growth, nutrient digestibility and mineral absorption.
The experiment was carried out in Zoology Department, Division of
Science and Technology, University of Education, Lahore.
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2.1. Fish and experimental conditions

Common carp fingerlings were procured from Sindwa Fish
Hatchery, Head Balloki, Kasur. Before starting experiment, the
carps were acclimatized for almost ten days and were kept (fifteen
fingerlings in each) in water tanks of V shape with 70 L water hold-
ing capacity. During entire period, PHY supplemented moringa
derivatives based-feed was given twice a day (Allan and
Rowland, 1992). Parameters related to water quality for example
temperature, dissolved oxygen and pH were checked regularly
and air pump was used for proper supply of oxygen by capillary
system. Before starting the feed trial, carps were treated with sal-
ine solution (0.5%) for 1–2 min to eliminate the pathogens
(Rowland and Ingram, 1991).

2.2. Experimental strategy

Derivatives of moringa plant (combination of MOSM and
MOLM) were used as test ingredient and mixture of feed was dis-
tributed into seven test feeds, sprayed with varied amounts (0, 500,
650, 800, 950, 1100 and 1250 FTU kg�1) of PHY enzyme. Out of
these seven test diets, one control (0 FTU kg�1) and six PHY supple-
mented test diets were given to seven groups of fingerlings. They
were fed at the rate of 4% of live wet body weight for 70 days. Each
test and control diet were compared with each other to identify
growth, mineral absorption and nutrient digestibility.

2.3. Processing of Moringa derivatives

M. oleifera seeds were purchased from local market of Lahore.
Seeds were first dried in air and then de-fatted using press method
(Salem and Makkar, 2009). Fresh leaves of moringa were taken
from botanical garden of University of Education, Lahore and then
washed to make them clean and dirt-free. Then, these leaves were
dried under a shady place for nearly six days to protect the vita-
mins from harm via photo-dynamic oxidation. Dry leaves were
detached from the stems to reduce amount of fibre in feed
(Madalla et al., 2013). Treated Moringa leaves and seeds were
crushed to convert them into powder. The remaining feed compo-
nents were obtained from market and were ground to pass them
through 0.3 mm sieve size. Before the formulation of experimental
diets, chemical composition of all diet components was studied by
using subsequent standard methods (AOAC, 1995). Firstly, in all
experimental diets, 1% Cr2O3 (as an inert marker) was used and
mixed with all other components of feed carefully for at least 5–
10 min. Then, slow blending of components was done after the
addition of 10 to 15% distilled water, to make properly textured
dough. Processing of dough was done within the pelleting machine
to form pellets (Lovell, 1989). Moringa derivatives were used to
prepare six PHY added and one control test diet. whereas, 50 mL
distilled water was used to prepare the various concentrations of
PHY enzyme (0, 500, 650, 800, 950, 1100 and 1250 FTU kg�1)
and were sprayed on every test diet (Robinson et al., 2002). Similar
amount of distilled water was also sprayed on control (0 FTU kg�1)
diet to maintain the moisture. At the end, all the prepared diets
were dried out and then stored at almost 4 �C till use (see Table 1).

2.4. Feeding procedure and assemblage of sample

C. carpio fingerlings were given prescribed feed two times daily,
and after completion of feeding time (two hours), the leftover diet
was removed from each tank. The tanks were washed properly to
eliminate the particles of feed and were refilled. Faeces were col-
lected from the faecal accumulating tube of every tank by opening
the valve-1 and 2 subsequently. Faecal material was collected care-
fully to lessen the faeces breakage so that nutrients are not leached



Table 1
Chemical and physical ingredients composition (%) of feed.

Physical composition Chemical composition

Ingredients Test feed composition Dry mass (%) CP (%) EE (%) GE (%) Ash (%) Crude fiber (%) Carbohydrates

MOSM + MOLM 36 91.24 33.31 3.91 4.02 10.07 13.56 39.15
Fish meal 17 92.39 49.31 6.99 2.23 24.66 1.29 17.75
Wheat flour 16 93.09 9.43 2.41 3.09 2.06 2.88 83.22
Corn Gluten (60%) 13 91.78 58.97 4.96 4.21 1.41 1.23 33.43
Rice polish 7.5 92.2 13.02 12.76 3.03 11.17 13.06 49.99
Fish oil 6.5 – – – – – – –
PHY level (FTU kg�1) 0 – – – – – – –
*Mineral Premix 1 – – – – – – –
**Vitamin Premix 1 – – – – – – –
Chromic oxide 1 – – – – – – –
Ascorbic acid 1 – – – – – – –

Proximate composition (%) of diets with varied amounts of PHY

Test feeds PHY level (FTU kg�1) CP (%) in feed EE (%) in feed GE (Kcal g�1) in feed

D–I (Control) 0 31.57±0.37 6.16±0.20 3.52±0.20
D–II 500 31.56±0.21 6.19±0.23 3.53±0.22
D–III 650 31.58±0.30 6.20±0.18 3.50±0.27
D–IV 800 31.59±0.34 6.18±0.23 3.51±0.29
D–V 950 31.56±0.28 6.18±0.22 3.50±0.22
D–VI 1100 31.59±0.27 6.17±0.19 3.51±0.22
D–VII 1250 31.56±0.29 6.20±0.24 3.53±0.13

PHY enzyme was used at cost of wheat flour.
**Vitamin (Vit.) premix kg�1:
Vit. A: 15,000,000 IU Vit. C: 15,000 mg Vit. E:30000 IU.
Vit. B2: 7000 mg Vit. B6: 4000 mg Vit. B12: 40 mg.
Vit. D3: 3,000,000 IU Vit. K3: 8000 mg Ca pantothenate: 12,000 mg.
Nicotinic acid: 60,000 mg Folic acid: 1500 mg.
*Mineral premix kg�1:
Ca: 155 g Na: 45 g P: 135 g Mg: 55 g Cu: 600 mg Co: 40 mg.
Fe: 1000 mg Mn: 2000 mg Zn:3000 mg I: 40 mg Se: 3 mg.
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out in water and were dried in oven at 65 �C for 3 to 4 h and then
stored for further analysis.

2.5. Growth study

To study the growth of fingerlings, fifteen carps of average
weight (5.65 g fish�1) were kept in each tank and were bulk
weighed on periodical basis throughout the experimental period
to assess the growth efficiency of C. carpio. Growth parameters
for example FCR, weight gain (%) and specific growth rate (SGR)
of carps were calculated by using standard formulae (NRC, 1993).

Weight gain% ¼ Final weight w2ð Þ � � Initial weight w1ð Þ � 100
Initial weight

ð1Þ

SGR% ¼ ln: final wt: of fish �� ln: initial wt: of fishð Þ � 100
Test days

ð2Þ

FCR ¼ Total dry feed intake gð Þ
Wet WG gð Þ ð3Þ
2.6. Chemical analysis of faeces and feed

After 70 days of feeding period, homogenized samples of diet
and faeces were dried in oven at 105 �C for almost 12 h and moist-
ness was measured. CP (crude protein) contents were identified by
using Micro Kjeldahl Apparatus, whereas EE (ether extract) was
analysed through Soxhlet system, by using petroleum ether extrac-
tion method. GE (gross energy) was estimated by Oxygen bomb
calorimeter. Following formula was used to calculate total carbo-
hydrate contents.
1946
Total carbohydratesð%Þ ¼ ðMoisture % þ CP % þ CF%þ EE%

þ Ash%Þ � 100
2.7. Assessment of minerals

To estimate the minerals, Atomic Absorption Spectrophotome-
ter, was used according to AOAC (1995) and potassium and sodium
were estimated by flame photometer. Contents of marker present
in faeces and diets were assessed after oxidation with molybdate
reagent (Divakaran et al., 2002) and UV–VIS 2001 Spectropho-
tometer was used at absorbance of 370 nm. Contents of phospho-
rous in the diets and faeces were determined with the help of UV/
VIS spectrophotometer at absorbance of 720 nm.

2.8. Calculation of ADC (%)

Apparent digestibility coefficient (ADC) of nutrients present in
diets was measured by using the following formula (NRC, 1993);

ADC %ð Þ ¼ 100 ��100

�marker in feed %ð Þ � nutrients in faeces %ð Þ
marker in faeces %ð Þ � nutrients in feed %ð Þ ð4Þ
2.9. Statistical analysis

Finally, data of ADC% of nutrients (GE, EE and CP), minerals (Ca,
K, Na, Fe, P, Cu, Al, Mg, Mn and Zn) and growth was analyzed by
one-way ANOVA test. The differences among all treatments were
compared using Tukey’s Honesty Significant Difference Test by
considering significant at p < 0.05 (Biswas et al., 2019). The CoStat
Computer Package was used to perform statistical analysis.
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3. Results

3.1. Growth study of C. carpio

Table 2 presents the mean values of total growth performance
i.e. WG (g), WG (%), FCR, SGR and survival rate of C. carpio, feeding
on MOSM + MOLM combination based test diets. According to our
results, C. carpio that were given 950 FTU kg�1 PHY level based diet,
showed maximum weight gain (19 g), WG (350%), SGR (1.67) and
minimum FCR (1.10), showing highest conversion of feed into
flesh, followed by WG (18 g), WG (327%), SGR (1.61) and second
lower FCR (1.20) at 800 FTU kg�1 amount of PHY. These mean val-
ues were significantly different (p < 0.05) from the values found on
control and other PHY supplemented diets. In contrary, fish feeding
on control diet showed significantly least value of weight gain (%)
i.e. 225%, SGR (1.31) and highest FCR value (1.52) representing
lowest growth rate (Fig. 1).
3.2. Nutrients digestibility parameters

After feeding the fingerlings on iso-caloric and iso-energetic
diets for 70 days, it was found that highest ADC (%) of all nutrients
i.e. CP (73%), EE (71%) and GE (67%) was observed in fish feeding on
D-V with 950 FTU kg�1 of PHY, followed by 800 FTU kg�1 (CP;71%,
EE; 69% and GE; 66%). Values of digestibility coefficients of both
fish groups (D-V and D-IV) were different (p < 0.05) from control
and other PHY containing feeds. Lowest digestibility coefficient of
CP (52%), EE (50%) and GE (48%) was found in fish feeding on con-
trol (0 FTU kg�1) diet (Fig. 2). It was noticed from the results that
values of digestibility coefficient of CP, EE and GE started to
increase from 500 to 950 FTU kg�1. It was also noticed that high
amounts of PHY in diet did not put any positive impact on
digestibility of nutrients as increase in amounts of PHY (1100
and 1250 FTU kg�1) increased the liberation of nutrients in water
and started to put negative effect on their digestibility as shown
in Table 3.
3.3. Absorption of minerals (Mn, Ca, Zn, K, Na, Al, Fe, P, Cu and Mg)

Table 4 shows that amount of all minerals e.g. Mn, Ca, K, Na, Fe,
P, Cu, Mg and Zn was almost similar in all diets (control and test).
Quantity of Al in diets was hardly detected during analysis, due to
its least amount present in diet. It was noticed that faeces of fish
fed on different levels of PHY added diets contain different amount
of minerals as compared to their respective diets (Table 5). Lowest
amount of minerals was present in faeces of fish fed on 950 FTU
kg�1 added diet (Diet-V) throughout the research period. Table 6
shows that the absorption of maximum (70, 66, 74, 66 and 71%)
amount of minerals (Ca, Zn, K, Mn and P respectively) was
observed at 950 FTU kg�1. Highest absorption of few minerals for
example Fe, Na and Mg was observed at 800 FTU kg�1 i.e. 71, 69
Table 2
Growth performance of C. carpio given varied amounts of PHY added Moringa derivatives

Test diets PHY levels
(FTU kg�1)

Initial
weight

FW WG (g) WG%

Diet-I
(control)

0 5.66 ± 0.31 18.41 ± 0.64e 12.75 ± 0.36e 225.71 ±

Diet-II 500 5.62 ± 0.25 20.82 ± 0.64 cd 15.19 ± 0.41d 270.35 ±
Diet-III 650 5.66 ± 0.19 22.29 ± 0.46bc 16.63 ± 0.28c 293.69 ±
Diet-IV 800 5.64 ± 0.25 24.13 ± 0.72a 18.49 ± 0.47b 327.82 ±
Diet-V 950 5.63 ± 0.29 25.38 ± 0.97a 19.74 ± 0.70a 350.69 ±
Diet-VI 1100 5.65 ± 0.16 23.67 ± 0.50ab 18.02 ± 0.34b 318.99 ±
Diet-VII 1250 5.64 ± 0.17 20.48 ± 0.42d 14.84 ± 0.25d 263.13 ±

a-fMeans within column having dissimilar superscripts are quietly different at p < 0.05.
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and 67% respectively. While, lowest absorption was noted at 0
FTU kg�1 (control diet), of maximum minerals such as Ca (40%),
K (55%), P (50%), Fe (47%), Cu (51%), Mg (50%), Zn (45%) and Mn
(45%). These absorption values were highly significant from those
of minerals found at 950 and 800 FTU kg�1 PHY levels based diets.
Na and Al showed least absorption value (52% and 42% respec-
tively) at diet-VII (1250 FTU kg�1) instead of control diet (Fig. 3).
Results clarified the fact that amount of PHY in diet V (950 FTU
kg�1) is sufficient here to discharge the nutrients (CP, EE and GE)
and minerals from the phytate complexes and make them avail-
able for fish. It decreases nutrient and mineral discharge in water
through faeces and ultimately decreases the water pollution.
4. Discussion

Phytic acid present in plant meal based diets binds and reduces
the absorption of nutrients and minerals that are required to sup-
port the normal growth of fish (Kumar et al., 2012a, 2012b). The
enzymatic activity of PHY breaks down these antinutritional fac-
tors into simple and easily absorbed nutrients (Sokrab et al.,
2012). Maximum growth performance in terms of WG (19 g),
FCR (1.10) and SGR (1.67) was estimated in C. carpio at 950 FTU
kg�1 of PHY, followed by 800 FTU kg�1. Like above mentioned
results, Hussain et al. (2017) and Shahzad et al. (2018b) found
highest growth performance in C. catla when fed on a PHY supple-
mented (900 FTU kg�1) moringa by-product based diet in compar-
ison of control and other PHY supplemented diets. Maas et al.
(2019) observed improved growth performance in Nile tilapia at
1000 FTU kg�1 supplemented in sunflower meal based diet.
Hassan et al. (2009), Hassaan et al. (2013) and Rachmawati and
Samidjan, (2016) also studied higher growth performance in Cha-
nos chanos, O. niloticus and Penaeus monodon respectively, by using
PHY (1000 FTU kg�1) in SBM (soybean meal) based diet. In a
growth study performed by Rachmawati and Samidjan, (2017),
all growth parameters were improved at PHY levels ranging from
943 to1100. Slightly different results from our conclusions were
found by Hussain et al. (2015c and 2011c) and Baruah et al.
(2007a) in rohu at 750 FTU kg�1. Biswas et al. (2019) detailed that
addition of PHY upto 2000 FTU kg�1 level in SPC (soy protein con-
centrate) made diet caused betterment in FMW (final mean
weight) of Pagrus major. Olusola and Nwanna (2014) reported
higher growth rate in O. niloticus and C. gariepinus, fed on SBM con-
taining 8000 FTU kg�1. In contrast to our results, PHY did not put
any positive impact on growth parameters of fish such as, in
research work of Xue (2014) and Qiu and Davis (2016), PHY caused
no significant differences in growth of Nile tilapia and Litopenaeus
vannamei respectively. These alterations in effect of PHY and
results may be connected to various factors for example varying
PHY levels, types of diet ingredients used, feed processing meth-
ods, presence or absence of stomach, stomach pH, fish species
and processes utilized for drying of feed (Wang et al., 2009). There-
(MOSM and MOLM) mixture- made diets.

WG /fish /
day

Feed intake FCR SGR Survival
rate

7.90e 0.18 ± 0.01e 0.28 ± 0.02b 1.52 ± 0.06a 1.31 ± 0.03e 91.79 ± 3.72

6.72d 0.22 ± 0.01d 0.31 ± 0.01ab 1.43 ± 0.01a 1.45 ± 0.02d 94.00 ± 5.89
4.76c 0.24 ± 0.00c 0.31 ± 0.01a 1.31 ± 0.03b 1.52 ± 0.01c 95.96 ± 3.51
6.02b 0.26 ± 0.01b 0.32 ± 0.01a 1.20 ± 0.03c 1.61 ± 0.02b 97.92 ± 3.61
7.64a 0.28 ± 0.01a 0.31 ± 0.01ab 1.10 ± 0.02d 1.67 ± 0.02a 97.92 ± 3.61
3.31b 0.26 ± 0.00b 0.34 ± 0.01a 1.32 ± 0.03b 1.59 ± 0.01b 95.96 ± 3.51
3.64d 0.21 ± 0.00d 0.32 ± 0.01a 1.50 ± 0.05a 1.43 ± 0.01d 91.79 ± 3.72

Data are means of three replicates with fifteen fingerlings in each.
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Fig. 2. Graphical representation of nutrient digestibility parameters.

Table 3
Apparent nutrient digestibility (%) of CP, GE and EE in C. carpio feeding on PHY added MOSM + MOLM based diets.

Test diets PHY level (FTU kg�1) CP (%) EE (%) GE (%)

Diet –I (Control) 0 52.69 ± 0.83e 50.42 ± 0.78d 48.66 ± 0.97d

Diet –II 500 60.28 ± 0.90c 58.44 ± 0.94c 57.33 ± 0.96c

Diet –III 650 66.48 ± 0.91b 63.26 ± 0.98b 61.69 ± 0.75b

Diet –IV 800 71.51 ± 0.94a 69.73 ± 0.65a 66.33 ± 0.64a

Diet –V 950 73.35 ± 0.89a 71.60 ± 0.77a 67.66 ± 0.91a

Diet –VI 1100 67.55 ± 0.93b 64.69 ± 0.86b 63.69 ± 0.90b

Diet –VII 1250 57.35 ± 0.90d 56.44 ± 0.58c 57.69 ± 0.98c

a-fMeans within column having dissimilar superscripts are quietly different at p < 0.05.
Data are means of three replicates with fifteen fingerlings in each.
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fore, PHY should always be added in diet in view of all these factors
(Cao et al., 2007b). In current research, it was explained that 950
FTU kg�1 is best PHY level for C. carpio to increase the digestibility
of CP, EE and GE. Similar to these results, Shahzad et al. (2018a;
2020) found highest digestibility of crude protein and fat in C. catla
fed on 900 FTU kg�1 in MOSM and M. oleifera by-products based
diets respectively. They also noticed that further increment in
1948
PHY dose (upto the level of 1500 FTU kg�1) does not increase the
digestibility of CP, EE and GE. Similarly, Maas et al. (2018) observed
highest CP digestibility in Nile tilapia, and maximum value of fat
digestibility (80%) was observed in rohu by Bano and Afzal
(2017) when given SBM containing 1000 FTU kg�1. Little different
results were shown in research work of Thanh et al. (2017) and
Hussain et al. (2011b, 2011c; 2015d), who observed maximum



Table 4
Examined composition of minerals in a diet, containing mixture of MOSM + MOLM.

Test diets PHY level Ca Na K P Fe Cu Mg Al Zn Mn

Diet-I (Control) 0 0.86 ± 0.08 0.017 ± 0.002 1.28 ± 0.07 2.08 ± 0.08 0.051 ± 0.007 0.0059 ± 0.0008 0.0094 ± 0.0007 0.00050 ± 0.00008 0.039 ± 0.008 0.021 ± 0.007
Diet-II 500 0.86 ± 0.06 0.016 ± 0.002 1.28 ± 0.08 2.08 ± 0.07 0.051 ± 0.007 0.0059 ± 0.0009 0.0093 ± 0.0006 0.00051 ± 0.00004 0.038 ± 0.003 0.020 ± 0.009
Diet-III 650 0.85 ± 0.05 0.018 ± 0.002 1.28 ± 0.05 2.08 ± 0.10 0.051 ± 0.008 0.0058 ± 0.0006 0.0094 ± 0.0007 0.00052 ± 0.00007 0.038 ± 0.003 0.021 ± 0.008
Diet-IV 800 0.85 ± 0.06 0.017 ± 0.004 1.28 ± 0.05 2.09 ± 0.08 0.050 ± 0.010 0.0059 ± 0.0008 0.0093 ± 0.0008 0.00052 ± 0.00007 0.039 ± 0.008 0.022 ± 0.006
Diet-V 950 0.85 ± 0.09 0.017 ± 0.004 1.27 ± 0.08 2.08 ± 0.05 0.050 ± 0.008 0.0059 ± 0.0007 0.0094 ± 0.0009 0.00052 ± 0.00010 0.039 ± 0.006 0.021 ± 0.004
Diet-VI 1100 0.87 ± 0.06 0.018 ± 0.003 1.29 ± 0.09 2.08 ± 0.09 0.050 ± 0.006 0.0060 ± 0.0007 0.0093 ± 0.0007 0.00051 ± 0.00009 0.040 ± 0.004 0.022 ± 0.003
Diet-VII 1250 0.87 ± 0.08 0.017 ± 0.005 1.28 ± 0.05 2.07 ± 0.07 0.052 ± 0.009 0.0059 ± 0.0009 0.0095 ± 0.0007 0.00050 ± 0.00005 0.040 ± 0.008 0.022 ± 0.006

Data are means of three replicates with fifteen fingerlings in each.

Table 5
Examined composition of minerals in C. carpio faeces fed on diet containing mixture of MOSM + MOLM.

Test feeds PHY levels Ca Na K P Fe Cu Mg Al Zn Mn

Diet-I (Control) 0 0.55 ± 0.05a 0.007 ± 0.001a 0.62 ± 0.02a 1.13 ± 0.06a 0.029 ± 0.004a 0.0031 ± 0.0005a 0.0051 ± 0.0003a 0.00028 ± 0.00005ab 0.023 ± 0.004a 0.012 ± 0.004a

Diet-II 500 0.47 ± 0.04b 0.006 ± 0.000a 0.57 ± 0.04a 0.99 ± 0.02b 0.023 ± 0.002ab 0.0027 ± 0.0005ab 0.0043 ± 0.0003abc 0.00022 ± 0.00002b 0.019 ± 0.001ab 0.009 ± 0.004a

Diet-III 650 0.40 ± 0.03bc 0.007 ± 0.001a 0.48 ± 0.02b 0.79 ± 0.04c 0.020 ± 0.003ab 0.0024 ± 0.0003ab 0.0037 ± 0.0002 cd 0.00019 ± 0.00003b 0.017 ± 0.001ab 0.009 ± 0.003a

Diet-IV 800 0.34 ± 0.03 cd 0.006 ± 0.001a 0.43 ± 0.01bc 0.72 ± 0.04 cd 0.015 ± 0.004b 0.0022 ± 0.0003ab 0.0033 ± 0.0004d 0.00021 ± 0.00003b 0.015 ± 0.003ab 0.008 ± 0.002a

Diet-V 950 0.28 ± 0.02d 0.006 ± 0.001a 0.36 ± 0.01c 0.66 ± 0.05d 0.017 ± 0.003b 0.0021 ± 0.0002ab 0.0036 ± 0.0004 cd 0.00024 ± 0.00004ab 0.015 ± 0.003b 0.008 ± 0.002a

Diet-VI 1100 0.36 ± 0.02 cd 0.008 ± 0.001a 0.43 ± 0.04bc 0.76 ± 0.03 cd 0.022 ± 0.003ab 0.0020 ± 0.0003b 0.0039 ± 0.0003bcd 0.00027 ± 0.00004ab 0.015 ± 0.002b 0.009 ± 0.001a

Diet-VII 1250 0.44 ± 0.04bc 0.009 ± 0.002a 0.55 ± 0.02a 0.92 ± 0.02b 0.028 ± 0.005a 0.0028 ± 0.0004ab 0.0047 ± 0.0003ab 0.00032 ± 0.00002a 0.019 ± 0.003ab 0.011 ± 0.003a

a-fMeans within column having dissimilar superscripts are quietly different at p < 0.05.
Data are means of three replicates with fifteen fingerlings in each
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CP digestibility (85%) in Tra catfish and EE digestibility coefficient n
L. rohita respectively, at 750 FTU kg�1 of PHY. Better digestibility of
protein and fat (85%) was identified by Nwanna et al. (2008) in
Colossoma macropomum fish when given feed with 4000 FTU
kg�1 of PHY. Different to our results, significant changes were
found in nutrients digestibility e.g. in research work of Danwitz
et al. (2016) and Wang et al. (2009), who observed decreased pro-
tein and lipid digestibility on feeding PHY supplemented diet to
Clarias gariepinus and O. mykiss respectively than the control diet.
The possible reasons for variations in outcomes of protein and fat
digestibility are considered to be the dissimilar sources of enzyme
PHY, feed components, stomach pH, methods of feed processing or
unlike species of fish (Liu et al., 2013). ADC of GE also increased to
its maximum (71%) at 950 FTU kg�1 amount of PHY, followed by
digestibility co-efficient (69%) at 800 FTU kg�1. Hussain et al.
(2017) reported maximum GE (74%) at 900 FTU kg�1 in C. catla,
that is very close to our results. While, lowest value of GE (53%)
was found at diet with 0 FTU kg�1. Apparent GE digestibility was
also observed better at 1000 FTU kg�1, in Cirrhinus mrigala by
Hussain et al. (2014). Similar results of GE digestibility were
observed at slightly different amount of PHY (750 FTU kg�1) in L.
rohita fed on cottonseed meal (Hussain et al., 2015c) and canola
meal based diet (Hussain et al., 2015d). Highly different results
related to GE digestibility coefficient (64.30) were observed by
Nwanna and Olusola, (2014) at 8000 FTU kg�1 in Nile tilapia. The
contradictory results to our work were shown by Lanari et al.
(1998) who didn’t assess any optimistic response in rainbow trout
fed on PHY supplemented SBM based diet. The contradictions and
variations in results are considered to occur because of the type
and source of PHY enzyme used, numerous nutritional factors,
along with the source and quantity of PA (Selle et al., 2000) and
protein sources in fish diets (Sugiura et al., 2001). In current exper-
iment, it was found that 950 FTU kg�1 is most suitable amount of
PHY for C. carpio to increase the absorption of minerals like Ca, Zn,
K, Mn and P. Moreover, increase in absorption (%) of minerals ini-
tiated from 500 to 950 FTU kg�1, while increase in level of PHY
(1100 and 1250 FTU kg�1) did not increase the absorption coeffi-
cient of minerals (Shahzad et al., 2020). Value of minerals absorp-
tion was found to be lowest at control diet. Close to the outcomes
of current study, Shahzad et al. (2018a and b) found higher absorp-
tion and bioavailability of minerals in C. catla fed on 900 FTU kg�1

added in MOSM and mixture of MOLM and MOSM based diets,
respectively. Similarly, Maas et al. (2018) and Rabia et al. (2017)
observed highest absorption of few minerals in Nile tilapia and L.
rohita respectively at 1000 FTU kg�1. Little different results were
shown in research work of Hussain et al. (2016) and Marjan et al.
(2014). They observed highest digestibility of minerals in L. rohita
when given feed containing 750 FTU kg�1 of PHY. More different
from our results were those of Qiu and Davis, (2016). They noticed
improved digestibility of P and retention of Cu at 500 and 2000 FTU
kg�1 in Litopenaeus vannamei. High levels of PHY i.e. 1000, 2000
and 4000 FTU kg�1 gave enhanced P digestibility, bone minerals
and reduced faecal P in Clarias gariepinus (Olugbenga et al.,
2017). In contrast to present findings, Nwanna et al. (2005)
observed better Ca deposition and fewer P discharge at 8000 FTU
kg�1 in C. gariepinus. Contrarily, negative impacts were also
observed regarding minerals absorption e.g. in research work of
Xue (2014). They observed no difference in retention of minerals
excluding Zinc on feeding PHY supplemented SPC based diet to
Nile tilapia in comparison of the control diet. In the light of
above-mentioned results, we can argue that the possible explana-
tions for dissimilarities in results of minerals retention and absorp-
tion may be the quantity, quality (Baruah et al., 2007b; Dersjant-Li
et al., 2015) and dissimilar sources of PHY, feed components,
methods of diet formulation or changed fish species (Liu et al.,
2013).
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5. Conclusion

Existing research work was led for 70 days to explore the
nutritional benefits of seed meal and leaf meal of moringa plant
and PHY enzyme supplemented in diet at varied levels (0, 500,
650, 800, 950, 1100 and 1250 FTU kg�1). Impact of addition of
enzyme PHY was checked on growth parameters, nutrients
digestibility and mineral absorption of C. carpio. It was con-
cluded that all growth parameters for example FW, WG(g),
WG (%), FCR and SGR, digestibility of nutrients (CP, EE and GE)
and absorption of some minerals such as Ca, Zn, K, Mn and P
were improved at 950 FTU kg�1 level of PHY in comparison of
the control diet. So, this research provides sufficient evidences
about positive effects of PHY regarding break down of phytate
complexes, releasing minerals for absorption and improving
overall performance of C. carpio fingerlings. Addition of PHY
increases retention of nutrients in body, reducing water pollu-
tion and helps to formulate healthy and cost- effective fish feed
than the expensive FM.
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