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Abstract. The use of exogenous enzymes in fish breeding diets, especially papain, protease,
and phytase enzymes, is still not well known, but most studies emphasized their benefits and
importance in aquaculture, especially fish. As it had a positive effect on the performance of
growth, digestion, high utilization of feed, as well as raising the immunity of fish, so these
enzymatic additions were used to demonstrate their effect on the fish under experiment. The
use of prepared fish waste powder fortified with digestive enzymes Papain, Protease and
Phytase at percentages of 1.5% and 2.5% in the diet of common carp Cyprinus carpio L. on
digestion rates, growth and blood characteristics. 84 fish, with an average starting weight of
240 + 1.22 g/fish, were randomly distributed in two repetitions, 6 fish per tank. The fishmeal
was prepared, the three enzymes were added to it, and it was added to the experimental diets,
and it was analyzed chemically for use in feeding common carp fish. Treatments T4 and T5
recorded the best digestion rates for protein, fat, carbohydrates, and ash, while the lowest
digestion rates were in control treatment T1, which were 65.11%, 78.33%, 39.62%, and
62.67%, respectively. At the level (P<0.05), there were statistically significant differences
across the treatments. Gains in weight (111.05 and 111.92) were largest for Treatments 4 and
5, while gains in daily, relative, and qualitative development as well as in food conversion
efficiency were highest for Treatments 4 and 5. The control diet, Treatment 1, resulted in a rise
in weight of 75.05 gm. Therapy with T1 resulted in a 34.423 mg/dL decrease in average blood
glucose levels, while treatment with T6 resulted in the highest ALT rate of 8.722 IU/L. Total
protein levels did not vary noticeably across treatments. When compared to the other therapies,
T4 and TS produced the highest albumin levels (1.109 and 1.335) mg/dL. Treatment T1, the
control group, saw a rise of 68.148 mg/dL in cholesterol while treatments T4 and T5, the
experimental groups, saw decreases of 53.311 and 49.421 mg/dL, respectively. Fishmeal
enhanced with enzymes at 0.5% and 1.5% as a source of animal protein in common carp fish
feed resulted in favorable digestion rates, growth, and blood characteristics, according to the
results of this study.
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1. Introduction

Fish farming needs feeds with good
specifications that contain all the basic
nutrients, especially protein and energy, in
order to obtain the required growth, high
survival rates and reproduction, and thus good
profit [1]. Most studies showed that the use of
exogenous enzymes in fish feed increased
digestion and growth rates [2,3]. The most
important statistics indicate that enzymes have
become an important component in the food
feed industry [4]. Additive enzymes are
important as they work with endogenous
enzymes to degrade feed proteins, especially
the papain enzyme, which is one of the most
important exogenous enzymes added to fish
feed [5], and the protease enzyme [6].
Exogenous phytase was also widely used in
fish feed due to its effectiveness in reducing
phosphorus secretion by converting
phosphorous phytate into inorganic matter [7].
The common carp is one of the types of
freshwater fish found in most countries of the
world and is of great importance in Europe and
Asia [8]. In order to transform the
macronutrients (protein, carbs, and fats)
consumed by living organisms into usable
energy, digestive enzymes—including
exogenous enzymes—are among the most
crucial dietary supplements [9]. Fishmeal is
produced from the wastes of living organisms,
including fish and poultry. Fishmeal is a
protein source rich in essential amino acids
[10]. This study compared the effects on
digestion, growth, and blood characteristics of
feeding fishmeal with either 1% or 2% of the
enzymes phytase and pepsin, which were
generated from fish waste. The purpose of this
research is to show how supplementing the
diets of common carp fish with fishmeal that
has been fortified with papain, protease, and
phytase enzymes at concentrations of 1.5% and
2.5% affects digestive rates, growth, and blood
characteristics.

2. Materials and Methods

To make the powders and rations, we ground
up the fish scraps and added the enzymes
papain, protease, and phytase (at rates of 1.5%
and 2.5%) for 24 hours before drying the
mixture in an electric oven set to 60 degrees
Celsius. The diets were prepared by mixing the
raw materials well (yellow corn 30% - wheat
30% - barley 20% - fish meal 10% - bran 9% -
vitamins and minerals 1%. Seven different
relationships were used:
— Control ration containing prepared fish
meal free of enzymes.
— A treatment containing fishmeal
prepared with papain enzyme 0.5%.
— A treatment containing fishmeal
prepared from papain enzyme 1.5%.
— A treatment containing fishmeal
prepared with protease enzyme 0.5%.
— A treatment containing fishmeal
prepared with protease enzyme 1.5%.
— A treatment containing fishmeal
prepared with phytase enzyme 0.5%.
— A treatment containing fishmeal
prepared with phytase enzyme 1.5%.

2.1. Chemical Analyses
The following chemical analyses were
performed using the procedures described in

[11]:

2.1.1. Humidity Rating

Experiment fish, powder samples, and
prepared menus were all analyzed for moisture
content. We used 5 grams of each powder and
dried them at 105 degrees Celsius until their
weights were consistent.

2.1.2. Protein Estimate

Nitrogen was quantified using the micro
Kjeldahl technique, which entailed first
digesting the samples with concentrated
sulfuric acid, then distilling them using boric
acid and a bromocresol green guide, finally
grinding them up with hydrochloric acid, and
finally applying a conversion factor (6.25). Try



to calculate the amount of protein in the
samples.

2.1.3. Fiber Rating

Fiber content can be determined by boiling a
sample in 1.25 sulfuric acid for half an hour,
then washing it in distilled water to remove the
acid, and finally adding 1.25 nitrogen base
sodium hydroxide to the sample for half an
hour. The sample should be boiled, the acid
washed off with hot distilled water, and then
the sample should be washed again in acetone.
After determining the mass of the dry lid and
blank, the sample is added before the container
is baked at 60 degrees Celsius. The above
method based on the method mentioned in [11]
was carried out in the Animal Production
Laboratory of the College of Agriculture -
University of Baghdad.

Crude fiber percentage = weight of fiber (g) /
weight of sample (g) x 100

2.1.4. Ash Estimate

1 gram of each sample was burned at 550
degrees Celsius for four hours in a muffled
oven (MLW electric type LM 212-11, German
origin) to obtain a white or gray powder, and
the percentage of ash was determined after
fixing the weights at 60 degrees Celsius.

2.1.5. Nitrogen Free Extract

By deducting the percentages of hydration,
protein, fat, ash, and fiber from 100, the
soluble carbohydrates may be determined.
Measurement of the coefficient of digestion:
The fish are fed daily on diets until satiation in
the early morning and the food is left for an
hour to give a sufficient period of time for the
fish to eat their food, then the uneaten food is
withdrawn by the siphon method, and in the
morning of the second day the waste is
collected by the siphon method as well and this
process is repeated until the largest amount of
waste is collected, which is dried Aerobic until
the digestion coefficient test is carried out
according to the method mentioned by [12]
and according to the following equation:

Y =0.2089 X +0.0032

Where (Y) is the absorbance at a wavelength
of 450 nm.
(X) chromium oxide concentration mg/100 ml.

2.1.6. Protein Digestibility % [19]
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2.2. Studied Traits Growth Measurements

2.2.1. Total Weight Gain
The following formula was used to determine
the rates of weight gain:

Weight gain (gm) = final weight (gm) - starting
weight (gm).

2.2.2. Daily Growth Rate
The following equation describes the
exponential daily growth rate [13] :



Daily growth rate g / day = weight gain (g) /
time period of increase (day)

2.2.3. Specific Growth Rate
The specific growth rate was estimated
according to the following equation [14]:

Specific growth rate g/day = log final weight -
log initial weight/experimental time x 100

2.2.4. Relative Growth Rate
Calculate the feed conversion rate according to
the following equation [15]:

Relative growth rate % = Final weight (g) —
Starting weight (g) / Starting weight (g) x 100

2.2.5. Feed Conversion Efficiency
The feed conversion efficiency was estimated
according to the following equation [15]:

Feed conversion efficiency % = fresh weight
gain of fish (g) / weight of feed intake (g) x
100

2.3. Blood Serum Biochemical Tests

2.3.1. Determination of Glucose (Glu)

Serum glucose was calculated according to the
method recommended by the manufacturer of
the work kit (Linear company), according to
the following equation [16]:

Glu (mg/dl) = A. sample / A. std x 100

2.3.2. Determination Cholesterol
(T.C.)
Total cholesterol was calculated according to
the method recommended by the manufacturer
of the work kit (Linear company), according to
the following equation [17]:

T.C. (mg/dl) = A. sample / A. std x 200

of Total

2.3.3. Determination of Triglycerides (T.G.)
TG calculated according to method of [18] as
recommended by the manufacturer of the work
kit (Linear company), according to the
following equation:

T.G. (mg/dl) = A. sample / A. std x 200

2.3.4. Determination of Total Protein (T.P.)
T.P. was calculated using a kit by BIOLABO
company, based on the method of [20],
according to the following equation:

T.P. (gm/dl) = A. sample / A. std x 6

2.3.5. Determination of Albumin (Alb)

Alb. was calculated by following information
of the kit depend on Randox company,
according to the following equation [21]:

Alb (gm/dl) = A. sample / A. std x 5

2.3.6. Calculation of Total Globulin (T.Glo.)
The globulin was calculated by subtracting the
albumin of the total protein depend on the
equation were mentioned of [22].

T.Glo. (gnvdl) = T.P. — Alb.

2.3.7. Estimation of Liver Enzymes Activity
(AST, ALT & ALP)

Aspartate amino transferase (AST), alanine
amino transferase (ALT), and alkaline
phosphatase (ALP) levels in the liver were
calculated using a specialized German device
called Mindray.

2.4. Statistical Analysis

Complete random designs (CRDs) were
utilized for data collection and processing in
Statistical Analysis System - [23], and
significant differences between means were
evaluated using the Duncan multiple range test
at the probability level (P<0.05).

3. Results and Discussion

Table (1) shows that there were no statistically
significant  variations (P>0.05) in the
percentages of moisture, protein, and fiber
between any of the treatments. However, the
proportion of fat dropped in treatments T2 and
T7, while no other treatments showed
statistically significant changes. No significant
differences (P<0.05) were recorded between
the treatments in the percentage of ash T1, T3,
and T7, as they reached (5.87, 5.95, and
5.89)%, respectively, which is close to the
results of [14] when they used bromelain and
phytase enzymes in common carp fish diets.

Table 1. Chemical analysis of experimental diets.

Moisture Protein

Treatments by o
(1] (1]

Fat
%

Fiber Ash
% %

Soluble
Carbohydrates




%

Fish feed
containing raw
fish powder
(control)

Tl
Fish feed
containing
fishmeal added to
it papain enzyme
0.5%

T2
Fish feed
containing fishmeal
added to it papain
enzyme
1.5%

T3
Fish feed
containing
fishmeal added to
it protease
enzyme
0.5 %

T4
Fish feed
containing
fishmeal added to it
protease enzyme
1.5 %

T5

9.50+0.013% 36.33+0.711%

8.69+0.13% 4.61+0.112*  5.67.401°

8.3140.106° 36.19+0.512* 8.32+0.250*° 4.50+0.107* 5.24+0.151"

8.43+0.512° 36.73+0.123* 8.11+0.128° 4.92+0.102* 5.95+0.175%

8.86+0.175* 36.17+0.110° 8.96+0.246° 4.89+0.243" 5.37+0.181°

9.11£0.115* 36.99+0.211* 8.63+0.145% 4.79+0.218" 5.29+0.472°

35.40+0.134%

35.62+0.123°

35.68+0.116%

34.79+0.519°

34.37+0.361°

Moisture Protein

Treatments Y Y
(1] (1]

Soluble
Carbohydrates
%

Fiber Ash
% %

Fish feed
containing
fishmeal added to
it phytase enzyme
0.5 %

T6

Fish feed
containing
fishmeal added to
it phytase enzyme
1.5%

T7

8.57+0.11*° 36.29+0.120° 8.95+0.107° 4.84+0.228° 5.33+0.321"

8.77+0.039° 36.35+0.622% 8.13+0.128" 4.89+0.161*° 5.89+0.712°

35.90+0.118°

35.57+0.618°

For both the control and experimental groups,
the coefficient of digestion is displayed in
Table 2. Treatments T4 and TS5 outperformed
the control treatment, which had a protein
digestibility ratio of no more than 65.11
percent and a fat digestibility coefficient of no
more than 78.33 percent, statistically (P<0.05),
suggesting that the protease enzyme was
responsible for these improvements, which

increased the ability to digest nutrients and
absorb minerals and thus increasing the use of
them [25], and the results came close to the
study of [26], where the apparent digestion
coefficient of protein increased when using the
protease enzyme with fish meal in Nile tilapia
fish diets, [27] found an increase in digestion
rates when Use of phytase in common carp
diets.



Table 2. Digestion coefficient for experimental diets.

Treatments

Protein
digestibility
coefficient

Fat digestibility
coefficient
%

Carbohydrate

digestibility
coefficient

Ash digestibility
coefficient
%

%

%

Fish feed containing raw
Fish powder
(control)

Tl
Fish feed containing
fishmeal added to it
Papain enzyme
0.5%

T2
Fish feed containing
fishmeal added to it
Papain enzyme
1.5%

T3
Fish feed containing
fishmeal added to it
Protease enzyme
0.5%

T4
Fish feed containing
fishmeal added to it
Protease enzyme
1.5%

T5

65.11+0.80°

73.78+0.23°

72.91+0.82°

81.10+0.22°

80.79+0.19°

78.33+0.56°

87.88+0.16°

88.54+0.81%

89.22+1.01°

89.61+0.91°

39.62+0.66° 62.67+0.61°

77.22+0.65% 84.63+0.25°

86.28+0.21%

76.99+0.73%

84.42+0.33%

78.36+0.66°

77.86+0.13% 86.77+0.71°

Protein
digestibility
coefficient
%

Treatments

Fat digestibility
coefficient

Carbohydrate
digestibility
coefficient
%

Ash digestibility
coefficient
%

Fish feed containing
fishmeal added to it
Phytase enzyme
0.5 %

T6
Fish feed containing
fishmeal added to it
Phytase enzyme
1.5%

T7

76.23+0.44%

71.81+0.90°

90.01+1.11%

86.92+0.22°

54.72+0.28° 75.01+0.11°

52.11+0.39° 74.78+0.23°

Size requirements for fish given a diet of
multiple types of fish meal: Table 3 displays
the fish's weight gain rates throughout the
experiment.

There is a noticeable difference (P< 0.05)
between the treatments, with the T4 and TS5
treatments producing the best results (111.05
and 111.92 g, respectively), suggesting that the
enzymes contributed to the fish's enhanced
weight gain, and the results were consistent
with the findings of [28] when adding feed to

some marine fish and studying food and
energy requirements Daily growth rate,
relative growth rate, qualitative growth rate,
and feed conversion efficiency all differed
significantly between treatments (T4 and TS5
with the protease enzyme were superior, with
respective values of 1.85 and 1.86 g/day, 47.85
and 47.80 %, 0.29 and 0.31 gm/day, and 43.67
and 51.55%).

The results of the study are similar to what
[29], found when adding protease enzyme to



the powders of some aquatic organisms, where
growth rates and feed conversion efficiency
recorded the highest results with this addition.
[27] supplementing common carp meals with
enzyme-fortified powders containing protease
enzyme resulted in faster growth. Increases in
daily growth rates, specific growth, and
relative growth can all be attributed to the

addition of additives to the fish's diet, which
have a positive effect on the fish's weight gain
because of their association with body
metabolism and other vital activities, such as
enhancing the fish's health and physiological
condition [30]. Metabolic enzymes put the
meal to good use, which shows in increased
growth and body mass [31].

Table 3. Some growth characteristics of common carp fish fed on experimental diets.

Starting  Final Weight Daily Relative SF;S,S\I,{E confli(ercs,jion
Treatments weight  weight gain growth rate  growth rat g .
m m m /da e % rate efficiency
g g g graay ’ g/day %
Fish
feed containing raw
fish powder jg%gga 331322713 75i0355ﬂ0:1. 1.9540.02° 31.22ﬂd:0.227 0.15;;:00.0 19.2340.25¢
(control) ' '
T1
Fish feed containing
fishmeal added to it
. 231.34 302.64 71.30+1. ¢ 30.82+0.412 0.17+0.0 ¢
Papa(l)nse;zyme 40336° +0.197° 331° 1.18+0.03 1 04° 27.39+0.66
. 0
T2
Fish feed containing
fishmeal added to it
. 239.65 327.41 87.76+1. p  36.62+0.471 0.19+0.0 c
Papa;ge(r)zyme 112058 41.211° 375b 1.46+0.03 b 03 21.31+0.41
T3
Fish feed containing
fishmeal added to it
232.12  343.17 111.05+1 a 47.85+0.477 0.29+0.0 a
Prote(a;gi;)zyme 11334 11.108° 483 1.85+0.03 a 03? 43.67+0.68
T4
Starting  Final Weight Daily Relative Seg&"{ﬁ conflzerzion
Treatments weight  weight gain growth rate  growth rat g fici
m gm am glday e % rate efficiency
g g/day %
Fish feed containing
fishmeal added to it
234.14  346.06 111.92+1 a  47.80+0.554 0.31+0.0 a
Protealsgts/:zyme 10.612° 41.133° S 1.86+0.04 a 028 51.55+0.27
T5
Fish feed containing
fishmeal added to it
21755 303.25 85.70+1. d p 0.16+0.0 b
Phytagge(;)zyme 41335 +0.331° 391° 1.14+0.03 39.39+0.26 02° 33.56:+0.89
T6
Fish feed containing
fishmeal added to it
237.67 321.29 83.62+1. b p  0.22+0.0 a
Phytalsgizzyme 10.236° 40 441° 301° 1.39+0.02 35.18+1.02 03° 39.28+0.77
T7

Table 4. for the blood parameters of the
experimental fish indicates that there were
significant differences (P<0.05) in the average
blood glucose concentration, as the highest

value was 56.574 mg/dL in the T4 treatment
compared to the rest of the treatments, and the

lowest was in the T1 treatment as it reached
34423 mg/dL. The results of the study



converged with [27], where the glucose values
ranged between (33.143 and 59.737) mg/dL
when enzymes were used with powders
prepared from fish waste in diets fed common
carp fish. ALT was observed to rise in T6
treatment, reaching 18,722 IU/L, while TS5
treatment recorded a significant decrease in
ALT to 13,283 IU/L, respectively, and the
AST value increased in T3 and T7 (61,778 and
59,155) IU/L, respectively, compared to With
the rest of the treatments.

The T4 treatment recorded 32.906 IU/L, a
significant decrease in the AST rate. The two
treatments T4 and TS5 (46.268 and 45.265)
IU/L gave the lowest value of ALP compared
to the rest of the treatments. Indicators of stress
include a rise in liver enzyme levels, and
changes in the activity of these enzymes,
which in turn suggest tissue weakening [32] .
The increased percentage of fats in farmed fish
feed may be to blame for the rise in liver
enzymes. This is because an increase in liver
tissue damage and change causes liver enzyme
levels to rise in the dead cells, and eventually
the blood. Supplementing the diet of common
carp with probiotics resulted in minimal
pathological damage, according to a study

[33]. While there were statistically
insignificant changes between treatments for
total protein, albumin levels were highest in T4
and T5 (1.109 and 1.335) mg/dL and globulin
levels were highest in T1 and T2 (4.889 and
4.810 mg/dL). Total protein in rainbow trout
was found to increase when fish silage was
used in experimental treatments as opposed to
a control meal without silage [34].

[33], obtained an increase in the average total
protein of 5.37 mg/dl for common carp fed on
diets fortified with probiotics. Treatments T4
and T5 recorded the lowest levels of
cholesterol and triglycerides. [35] Cholesterol
levels in bream were observed to drop
significantly, from 111.31 mg/dL to 85.16
mg/dL, when fishmeal was included in their
diets. The absence of cholesterol in the diet
and the inability to absorb cholesterol in the
intestine contributes to low levels of
cholesterol in the body's cells [36]. Which
coincides with the decrease in triglycerides,
and the decrease in cholesterol in experimental
treatments could be the result of an increase in
organic acids secreted due to the use of
enzymes in diets, and this may inhibit the
building of fatty acids [37].

Table 4. Blood parameters of experimental fish.

reatmonts | Glucose  ALT AST ALP pIgf_;'n albums  Globulin Eg‘;':l TG';'I%B’SC
mg / dl IU/liter 1U/liter 1U/ liter mg / dI mg/dl mg/dl mg/dl  mg/dl
Fish
Before 74.332 22.667 96.156 73.122 4.214 0.671 4.446 75.123  54.887
Experience
Fish feed
containing
raw fish 34.423+0 17.221+0 51.113+0 55.267+0 5512+ 0578+ 4.889+0. 68.148 52.447
powder .654° 546" 287" 4417 0.015* 0.021° 012* +0.609° +0.278%
(control)
Tl
Fish feed
containing
fishmeal
addedtoit  39.324+0 16.332+0 56.590+0 56.766+0 5.641+ 0.891+ 4.810+0. 55.370 54.782
Papain 812° 489" 216° 215° 0.027*°  0.018" 083  +0.451° +0.331°
enzyme
0.5%

T2




Fish feed
containing
fishmeal

addedtoit  38.376+0 17.113+0 61.779+0 54.690+0

Papain 112° 219° .366°
enzyme
1.5%
T3
Fish feed
containing
fishmeal
added to it

Protease 1912 551° .265°
enzyme

0.5%
T4
Fish feed
containing
fishmeal

addedto it 49.331+1 13.283+0 28.965+0 45.265+0

Protease 493° .801° 438¢
enzyme
1.5%
T5
Fish feed
containing
fishmeal
added to it

Phytase 967° 1332 .258°
enzyme
0.5%
T6
Fish feed
containing
fishmeal
added to it

56.574+0 15.256+0 32.906+0 46.268+0

44.366+0 18.722+0 55.470+0 59.690+0

42.256+0 17.312+0 59.155+0 57.881+0

5145+ 0.689+ 4.643+0. 58.413 58.809
0.088"  0.270° 065" +0.903" +0.211°

5226+ 1.109+ 3.996+0. 49.954 53.311
0.078%  0.043° 055° +0.266° +0.523"

5209+ 1.335+ 3.897+0. 50.916 49.421
0.062°  0.109° 221° +0.156° +0.532"

5271+ 0.891+ 4.655+0. 58.331 58.566
0.052°  0.043" 061° +0.478° +0.378%

5580+ 0.921+ 4.451+0. 60.213 57.241

Phytase 112° 113° 4447 0.033°  0.046" 088° +0.443°  +0.669°
enzyme

1.5%

T7

Acknowledgments

We would like to thank all our colleagues from
all over Iraq for their outstanding role in
collecting data for this study during this
difficult time.

Conflict of Interests

The authors of this paper declare that he has no
financial or personal relationships with
individuals or organizations that would
unacceptably bias the content of this paper and
therefore declare that there is no conflict of
interests.

Source of Funding
The authors have no sources of funding, so it is
self-funding research.

Ethical Approve
We declare that the study does not need ethical
approval.

References

[1] Sampath, W. W. H. A., Rathnayake, R. M.
D. S, Yang, M., Zhang, W., and Mai, K.
(2020). Roles of dietary taurine in fish
nutrition. Marine Life Science and
Technology, 2(4): 360-375.

[2] Kalhoro H, Zhou J, Hua Y, Ng WK, Ye L,
Zhang J, Shao Q (2018) Soy protein
concentrate as a substitute for fsh meal in
diets  for  juvenile  Acanthopagrus
schlegelii: efects on growth, phosphorus
discharge and digestive enzyme activity.
Agquac Res 49:1896-1906.



(3]

(4]

(5]

[6]

(7]

(8]

[0l

[10]

Maas RM, Verdegem MCJ, Stevens TL,
Schrama JW (2020) Efect of exogenous
enzymes  (phytase and  xylanase)
supplementation on nutrient digestibility
and growth performance of Nile tilapia
(Oreochromis niloticus) fed diferent
quality diets. Aquaculture 529:723-735.
LP Information Inc. (2022) Global animal
feed enzymes market growth 2022
2028.MarketResearch.com.https://www.m
arketresearch.com/LPInformation-Inc-
v4134/Global-Animal-Feed-
EnzymesGrowth-30499852/.Accessed Jan
2022.

Fernandez-Lucas, J., Castafieda, D., and
Hormigo, D. (2017). New trends for a
classical enzyme: Papain, a
biotechnological success story in the food
industry. Trends in Food Science and
Technology, 68, 91-101.

Tavano OL, Berenguer-Murcia A,
Secundo F, Fernandez-Lafuente R (2018)
Biotechnological applications of proteases
in food technology. Compr Rev Food Sci
Food Saf 17:412-436.

Olugbenga O, Falaye E, Ajani EK,
Kareem OK (2017) Effect of phytase
supplementation on the growth, mineral
composition and phosphorus digestibility
of African Catfsh (Clarias Gariepinus)
Juveniles. Anim Res Int 14:2741-2750.
Parkos, JIII, Wahl D.( 2014). Effects of
common carp Cyprinus carpio L., an
exotic fish, on Aquatic Ecosystems. Ilinois
Natural History Survey report of January/
February 2000. University of Illinois
Board of Trustees, Center for Aquatic
Ecology; Victor Santucci, Jr.,
MaxMcGraw Wildlife Foundation.

Kumar¢ V.; Sinha¢ A. K.; Makkar« H. P.
S.; De Boeck¢ G. and Becker« K. (2012).
Phytate and phytase in fish nutrition.
Journal of Animal Physiology and Animal
Nutrition« 96(3): 335-364.

Khan< M. S. K.; Siddique< M. A. M. and
Zamal< H. (2013). Replacement of fish
meal by plant protein sources in Nile
tilapia  (Oreochromis niloticus) diet:
growth performance and utilization.
Iranian Journal of Fisheries Sciences:
12(4):864-872.

[11] AOAC: (2000). Association of Official

Analytical Chemistse 14th ed. Official
method of analysis. Inc.S. Willims« (ED).
U.S.A. 1141.p.

[12] Talbot, C. (1985). Laboratory methods in

fish feeding and nutritional studies In:Fish

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Eneregties, Tytler, P. and Calow, P. (eds)

125-155p.

Schmalhausen, I. I. (1926). The problem of
death and
immortality.GosizdatMoscow,569p.
Brownc M. E. (1957). Experimental

studies on growth. In Fish physiology« M.
E. Brown (ed) New York« N. Y. Academic
Press Vol« I: 361-400.

Utne, F. (1978). Standard methods and
terminology in fin-fish nutrition from;
proc. Warld Symp. on finfish nutrition and
fish feed Technology, Hamburg,(2): 20-
23.

Bablok, W., Passing, H., Bender, R., and
Schneider, B. (1988). A general regression
procedure for method transformation.
Application of linear regression
procedures for method comparison studies
in clinical chemistry, Part Ill. Clinical
Chemistry and Laboratory Medicine,
26(11), 783-790.

Allain, C.C.; Poon, L.S.; Chan, C.S.G,;
Richmond, W. and Fu, P.C.(1974).
Enzymatic determination of total serum
cholesterol. Clin.Chem., 20: 470-475.
Fossati, P. and Prencipe, L. (1982). Serum
triglycerides determined colorimetrically
with an enzyme that produces hydrogen
peroxide.Clinical ~ Chemistry,  28(10):
2077-2080.

Maynard, L. A. and Loosli, J. K. (2000).
Animal nutrition. New York, NY:
McGraw Hill Book Co., 613p.

Falkner, W. R. and Meites, S. (1982).
Selected methods of clinical chemistry.
AACC. Washington, DC, 9, 319p.

Tietz, N. W. (1999). Textbook of Clinical
Chimistry, 3rd ed. C. A. Pp: 477-530.

[22] Wolf, K. and Darlington, R. W. (1971).

[23]

Channel catfish virus: a new herpesvirus
of ictalurid fish. Journal of Virology,
8(4):525-533. Sampath WWHA,
Rathnayake RMDS, Yang M, Zhang W,
Mai K (2020) Roles of dietary taurine in
fsh nutrition. Mar Life Sci Technol 2:360—
375.

SAS Institute. (2012). SAS/OR 9.3 User's
Guide: Mathematical Programming
Examples. SAS institute.

[24] Albassam, N. H. S. (2022). Comparison

the Effect of Bromelain and Papain
Enzymes on Fish Food which Prepared
from Poultry Waste Powder on Common
Carp (Cyprinus Carpio L.) Growth
Performance. Al-Qadisiyah Journal For
Agriculture Sciences (QJAS)..12:(1) pp.
75-80.



[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33] Al-Ash'ab, M. H.; Khamis, I.

[34]

Luckstédt, C. (2008). the use of acidifiers
in fish nutrition. € CAB Reviews:
Perspectives in Agriculture, Veterinary
Science, Nutrition and Natural Resources,
3:1-8.

Hassan, M. S.; El-Sayed, A. I. M.; Soltan,
M. A.; Iragi, M. M.; Goda, A. M.; Davies,
S. J. and Ramadan, H. A. (2019). Partial
dietary fish meal replacement with cotton
seed meal and supplementation with
exogenous protease alters growth, feed
performance, hematological indices and
associated gene expression markers (GH,
IGF-1) for Nile tilapia, Oreochromis
niloticus. Aquaculture, 503: 282-292.
Albassam, N. H. S. (2020). Manufacturing
of Diets for Common Carp Cyprinus
Carpio L.From Some Protein Residues
that are Enzymatic and Acidic Treated on
Growth and Blood Parameters. Thesis
PhD, College of Agriculture, University of
Tikrit. .168 pages.

Khan, A. R. (2016). Dietary prtein and
energy requirements for maximumgrowth
and feed utilization of juvenile seabreams
in captivity (Doctoral Dissertation,
University of Karachi),164p.

Chowdhury, M. K. (2015). Optimizing

performance and profit for better
sustainability: a review on protease
application in  aquafeed.  Nutricion

Acuicola: Investigacion and Desarrollo,
296-307.

Dabrowski, K. and Ciereszko, A. (2001).
Ascorbic acid areproductionin  fish:
endocrine regulation and gamete quality.
AquacultureResearch, 32(8): 623-638.
Ganji, S. H.; Kamanna, V. S. and
Kashyap, M. L. (2003). Niacin and
cholesterol, role in cardiovascular disease
(review). J. Nutr. Biochem.14(6):298-305.
Svoboda, M. (2001). Stress in fish —
review. Bul., VURH Vodnany, 37:69-
191.

S. and
Asmar, Q. R. (2017). Comparison of the
effect of three types of probiotics as
additives in some blood traits and enzymes
transporting GOT and GPT for young
common carp Cyprinus carpio L.
Proceedings of the First International
Scientific Conference on Biotechnology -
Al Qasim Green University for the period
25-26 /10/2017: 8 pp .

Gullu, K.; Acar, U.; Tezel, R. and
Yozukmaz, A. (2014). Replacement of fish
meal with fish processing by-product
silage in diets for the rainbow trout,

[35]

[36]

[37]

Oncorhynchus mykiss. Pakistan Journal of
Zoology, 46(6):1697-1703.
Karapanagiotidis, 1. T.; Psofakis, P.;
Mente, E.; Malandrakis, E. and
Golomazou, E. (2019). Effect of fish meal
replacement by poultry by product meal on
growth performance, proximate
composition, digestive enzyme activity,
haematological parameters and gene
expression of gilthead seabream (Sparus
aurata). Aquaculture Nutrition, 25(1):3-14.
Kennish,  J.M.;  Sharp-Dahl, J.L;
Chambers, KA.; Thrower, F.and Rice,
S.D.(1992). The effect of a herring diet on
lipid composition, fatty acid composition
and cholesterol levels in the muscle tissue
of pen-reared chinook salmon
(Oncorhynchus tshawytscha).
Aquaculture, 108: 309-322.

Chen, Y.; Zhu, X.; Yang, Y.; Han, D.; Jin,
J. and Xie, S. (2014). Effect of dietary
chitosan on  growth  performance,
haematology, immune response, intestine
morphology, intestine microbiota and
disease resistance in gibel carp (Carassius
auratus gibelio). Aquac. Nutr, 20(5): 532-
564.



