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Introduction

Fish consumption has more than doubled from 9.6

Abstract

Stinging catfish (Heteropneustes fossilis) has high consumer demand due to its high
iron and calcium contents. Also, being a lean fish, it is very suitable for people who do
not prefer to consume animal fats. In view of its nutritional and therapeutic
significance and lack of data on dietary phenylalanine: tyrosine ratio, a dose-response
experiment was conducted to determine phe: tyr ratio for H. fossilis fry (4.1+0.3g). Six
isonitrogenous (380 g/kg crude protein) and isocaloric (15.3 kJ/g digestible energy)
amino acid test diets were prepared by adjusting 26.6 g/kg of total phenylalanine and
tyrosine in varying ratios of phenylalanine/tyrosine (30:70, 40:60, 50:50, 60:40, 70:30,
80:20) on molar basis. Quadruplicate groups of fishes were fed with diets indicated for
12-weeks to apparent satiation, thrice daily. Mathematical analyses of Daily Growth
Coefficient (DGC%), Specific Growth Rate (SGR%/day), Feed Conversion Ratio (FCR)
and Erythrocyte Osmotic Fragility (EOF) as quadratic-broken line regression analyses,
exhibited optimum dietary phenylalanine: tyrosine ratio of 64.94: 35.06 corresponding
to 15.83 g/kg: 8.55 g/kg on equimolar basis. Data of this study would be of high
significance to ensure that optimum phenylalanine and tyrosine ratio of fish is met
while using a greater variety of cost-effective dietary protein feedstuffs for sustainable
aquafarming of this fish.

well as important regulators of key metabolic pathways
including cell signaling, appetite stimulation, growth and
development, energy utilization, immunity,
osmoregulation, ammonia detoxification, antioxidative

kg/capita in 1961 to 20.5 kg/capita in 2018 (FAO, 2020).
In present pandemic situation, global appetite for fish is
expected to increase further due to its superior
nutritional profile of high biological value. With the fall
in capture fisheries, aquaculture has been the only
alternate to fill the gap between supply and demand of
quality protein diet as fish.

Amino acids (AA) are vital molecules in the
metabolism of all living organisms and are the building
blocks of enzymes (Yaghoubi et al, 2018). Essential
amino acids are key molecules for building proteins, as

Published by Central Fisheries Research Institute (SUMAE) Trabzon, Tirkiye.

defense, metamorphosis, pigmentation, gut and
neuronal development, stress responses, reproduction,
normal pancreatic and liver function, and for
suppression of aggressive behavior in aquatic animals
(Wu et al., 2013, 2014; Yaghoubi et al., 2018). Aromatic
properties of fish meat partly depend up on amino acid
distribution (Hall & Ahmad, 1992). Since most
alternative protein sources are deficient in point of
including all essential amino acid, it is crucial to establish
essential amino acid requirements for various cultivable
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fish species so that alternative protein feedstuffs could
be supplemented appropriately with the deficient
amino acid as per the requirement of candidate species.

All cultivable food fish species require the 10
essential amino acids in their diets for maximum growth
(Wilson, 2002), therefore, information of dietary
essential amino acid requirements of fish species is of
high importance in formulating cost-effective feeds (Yun
et al., 2015).

Phenylalanine is an essential aromatic amino acid.
Dietary phenylalanine has a great impact on feed intake,
growth performance, immunity and survival of fish in
natural environment (Li et al., 2008; Pinto et al., 2009).
It is important for the synthesis of thyroid hormones
that control metabolic processes, thereby influencing
growth of different body structures; feed efficiency;
oxygen consumption; synthesis and metabolism of
proteins, carbohydrates and lipids; thermogenesis; and
acclimation to environmental changes (Gropper &
Smith, 2012). A reduction in plasma stress markers were
reported in response to dietary supplementation with a
high content of phenylalanine in Gilthead seabream,
Sparus aurata and Meagre, Argyrosomus regius
(Salamanca et al, 2021). Phenylalanine deficiency
results in an immediate reduction in feed intake
followed by loss in weight gain and a negative nitrogen
balance (Tacon, 1992). However, only few studies have
evaluated the effect of phenylalanine supplementation
in diets for aquatic animals (Chance et al., 1964; Kim,
1993; Khan, & Abidi 2007; Ahmed, 2009; NRC, 2011; Kim
etal.,, 2012; Zehra & Khan, 2014, Castillo et al., 2015; Li
et al., 2015; Ren et al., 2015; Xiao et al., 2020; Zehra &
Khan, 2021). Although adequacy of essential amino acid
supplies has received much attention, availability of
semi-essential amino acids is also necessary for
maintenance of physiological homeostasis and their de
novo synthesis is important for survival. Tyrosine is
among one such amino acid.

It is also converted into L-dopa, dopamine,
norepinephrine and epinephrine, the three key
neurotransmitters. Brain concentrations of these
neurotransmitters depend upon intake of tyrosine. In
animals, tyrosine-deficient diets have been reported to
decrease DOPA accumulation (Fernstrom & Fernstrom,
1995; Allen, 2010).

Since phenylalanine requirement is influenced by
the dietary adequacy of tyrosine, for determining true
dietary requirement for phenylalanine, tyrosine should
also be included appropriately. In case of inadequacy of
tyrosine in body, dietary phenylalanine would get
converted to tyrosine and will give a false exaggerated
phenylalanine requirement. For this reason, varying
ratios of phenylalanine and tyrosine have been taken
into considerations so that phenylalanine could be
spared from being converted to tyrosine.

Growth is the most widely used criterion when
defining optimal nutrient levels and is a reliable
indicator of the suitability of diets. The RNA/DNA ratio is
sensitive to the levels of essential nutrients in the body

and can be used as an index of fish growth (Bhat et al.,
2020). In present study, RNA/DNA ratio has been used
as a sensitive tool to have precise information on
nutritional status and growth of the fish.

Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) are two most important amino
acid metabolizing enzymes and their activities reflect
the intensity of fish amino acids metabolism (Ballantyne,
2001). The ALT and AST are generally used as indicators
of cellular damage both in mammals and in fishes (Olsen
et al., 2005). For this reason, serum biochemistry as ALT
and AST activities has been analyzed to determine
optimum phenylalanine/tyrosine ratio more precisely.
Fish growth is based on protein and fat deposition,
which is closely related to the digestion and absorption
of nutrients (Zhao et al., 2012; Rgnnestad et al., 2013)
and hence estimation of digestive enzyme activities can
serve as indicators of nutrient utilization by fish. Since
enzyme secretion closely relates to the development of
the pancreas and several studies reported that various
essential amino acid can affect the development and
structural integrity of pancreas in fish (Chen et al., 2012;
Tang et al., 2013; Li et al., 2015), and have significant
role on digestive enzyme activities in fish (Chen et al,,
2012; Tanget al., 2013; Li et al., 2015). Protein utilization
can also be affected by digestible enzymes (Tu et al.,
2015), therefore, acidic and alkaline proteases activities
were considered to have more accurate information on
that ratio of dietary phe: tyr which maximizes protein
utilization.

Blood is one of the most dynamic body tissues, and
it is capable of reflecting changes in physiological and
nutritional health status (Kader et al., 2012). It has also
been proposed that nutritionally deficient diets cause
decrease in haemoglobin concentration, reduced
haematocrit and red blood cell counts (Saha & Ratha,
2007), and the erythrocytes counts are one variable that
is most consistently affected by dietary nutrients. For
this reason, physiological responses were taken into
consideration to accurately determine phe:tyr ratio of H.
fossilis fry.

Stinging catfish, Heteropneustes fossilis (Bloch)
commonly known as Singhi is a Silurid fish, found
abundantly in most of the tropical and sub-tropical
regions and is a highly-prized fish in most of the Asian
markets. The fish is an ideal species for aquaculture due
to its being well adapted to derelict and stagnant, slow-
flowing water bodies, agricultural fields or swamps and
wetlands, and exceptional tolerance to high ammonia
and low oxygen (Saha & Ratha, 2007). Being a lean fish,
it is very suitable for people to whom animal fats are
undesirable (Saha & Guha, 1939; Bhatt, 1968; Rahman
et al, 1982). These characteristics make this fish
advantageous for aquaculture.

However, due to lack of information on most of its
nutrient requirements, farmers mostly depend on
personal experience and feeding standards of other
catfish species which hinders yield of this medicinally
important food fish. Information on complete ten
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dietary essential amino acid needs are available only for
a limited number of cultured species (NRC, 2011) and to
our knowledge no published study is yet available on
optimum dietary phe: tyr ratio for any stage of this fish
concerning growth performance, changes in and
metabolic and physiological variables, and digestible
enzyme activities.

Data generated in this study would be of high
significance in formulating cost-effective practical feeds
with optimum ratio of phe: tyr, for fry stage of this fish.

Materials and Methods
Preparation of Amino Acid Test Diets

Casein-gelatin based basal diet (Table 1) was
supplemented with varying levels of phenylalanine and
tyrosine to prepare six isonitrogenous (380 g/kg crude
protein; CP) and isoenergetic (17.7 kJ/g gross energy;
GE, 15.3 kl/g digestible energy; DE) amino acid test diets
containing total phenylalanine + tyrosine in diets at 26.6
g/kg dry diet. Diets with various ratios of phenylalanine:
tyrosine (30:70, 40:60, 50:50, 60:40, 70:30, 80:20) were
then prepared to have phenylalanine and tyrosine as 7.3
g/kg+16.96 g/kg (A1), 9.69 g/kg+14.54 g/kg (A2), 12,12
g/kg+12.12 g/kg (As3),14.54 g/kg+9.69 g/kg (As), 16.96
g/kg+7.3 g/kg (As) and 19.39 g/kg+4.85 g/kg (As) in each
diets on a molar basis as per their calculated amounts.
This was done to work out that specific combination of
phe: tyr where tyrosine could maximally be included
with phenylalanine without any adverse health effects
on fish so as reduce the dependence on this expensive
nutrient phenylalanine and save diet cost. Amount of
dietary total phenylalanine and tyrosine were fixed on

Table 1. Ingredients used to prepare amino acid test diets

the basis of a preliminary trial on this fish conducted
under almost similar conditions and also the
information available on other warmwater catfish
species (Robinson et al., 1980; Unprasert, 1994; Ahmed,
2009; Farhat, 2014; Ren et al., 2015; Castillo et al.,
2015). Crystalline L-amino acid mixtures were prepared
taking into account the amount of amino acids
contributed by casein and gelatin. Total phenylalanine
and tyrosine contents contributed by the intact protein
sources casein and gelatin were 4.91 g/kg and 4.61 g/kg
of the dry diet, respectively. The overall composition of
amino acids in the test diets was simulated to that of 380
g/kg whole chicken egg protein excluding the test amino
acids phenylalanine and tyrosine. To make the diets
isonitrogenous, amount of glycine on protein to protein
basis was replaced by the incremental levels of
phenylalanine in the diets. Glycine was used as dietary
isonitrogenous control because glycine has dietary
attractant properties, gives natural smell to the diet and
hence stimulates the olfactory bulb of fish (Polat &
Beklevik, 1999). Since amino acid test diets are not very
tasty for fish, glycine was used to increase and promote
quicker feed intake hence minimize the time feed
remains in water and thereby to minimize nutrient
leaching.

Final diet with bread dough consistency (320 g/kg
moisture) was poured into a Teflon-coated pan, cut in
the form of small cubes and stored at -20°C until fed.
Since H. fossilis has high acceptance for diets as semi-
moist cakes as has been exhibited by preliminary trials,
the diets were prepared in semi-moist form. The
ingredients and proximate composition and analyzed
amino acid composition of diets have been given in
Table 1 and Table 2, respectively.

Ingredients (g/kg) (A1) (A2) (As) (A1) (As) (As) (A1)
Casein” 90 90 90 90 90 90 90
Gelatin® 22.5 22.5 22.5 22.5 22.5 22.5 22.5
Amino acid mix (g/kg dry diet)™ 205.29 205.29 205.29 205.29 205.29 205.29 205.29
Total phenylalanine (g/kg dry diet)™ 2.4 4.97 7.22 9.64 12.06 14.49 2.4
Total tyrosine (g/kg dry diet)™ 12.35 9.93 7.51 5.08 2.69 2.69 12.35
Total glycine (g/kg dry diet)™ 84.50 84.40 84.40 84.30 84.45 84.32 84.50
Dextrin 336.5 336.6 336.7 336.9 337.0 334.9 336.5
Corn oil 50 50 50 50 50 50 50
Cod liver oil 20 20 20 20 20 20 20
Mineral mixs| 40 40 40 40 40 40 40
Vitamin mix"l 30 30 30 30 30 30 30
a- Cellulose 6.5 6.4 6.4 6.3 6.3 6.0 6.5
Carboxymethyl cellulose 100 100 100 100 100 100 100
Total 1000 1000 1000 1000 1000 1000 1000
Total crude protein 380 380 380 380 380 380 380
Gross energy (kJ/g; GE) 17.7 17.7 17.7 17.7 17.7 17.7 17.7
Digestible energy (kJ/g; DE) 15.2 15.2 15.2 15.2 15.2 15.2 15.2

*Crude Protein (760 g/kg).
fCrude Protein (960 g/kg).

SMineral mixture (40 g/kg of diet) calcium biphosphate Ca (H2POa)2. 4H,0 5.43; calcium lactate ([CHsCH(OH)COO].Ca) 13.1; ferric citrate 1.19;
magnesium sulphate (MgS0..7H20) 5.28; potassium phosphate (dibasic) 9.59; sodium biphosphate 3.48; sodium chloride 1.74; aluminium chloride.
6H200.006; potassium iodide 0.006; cupric chloride 0.004; manganese sulphate monohydrate (MnSOa. H20) 0.032; cobalt chloride. 6H200.04; zinc
sulphate (ZnS0a. 7H,0) 0.12; Loba Chemie, Mumbai, India.Halver (2002).
fvitamin mixture (30 g/kg of diet) (10g vitamin mix+20g ce-cellulose) choline chloride 5.00; inositol 2.00; ascorbic acid 1.00; niacin 0.75; calcium
pantothenate 0.5; riboflavin 0.2; menadione 0.04; pyridoxine hydrochloride 0.05; thiamin hydrochloride 0.05; folic acid 0.015; biotin 0.005; alpha-

tocopherol 0.4; vitamin B12 0.0001; Loba Chemie, Mumbai, India.

**L-crystalline amino acids supplemented to intact protein sources casein and gelatin to make the desired doses of the test amino acids
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Water Stability of Amino Acid Test Diets

Water stability of amino acid test diets was
assessed with slight modification of Fagbenro & Jauncey
(1995). Replicate samples of the diets (4g) were taken in
an empty tea bag and suspended randomly in
experimental troughs (70-litre, water volume 55-litre) at
26°C. The samples were remained suspended in water
for 30 minutes, then taken out, allowed to drain for 1
minute, oven-dried at 105°C for 2 hours, cooled in a
desiccator and reweighed. Water stability of the
experimental diets was calculated as the percentage
difference in sample weight after re-weighing (Farhat,
2014) and was found to be 97%. The dried samples after
immersion in water were subjected to amino acid
analyses to check the leaching loss. Amino acid analysis
revealed no significant change in amino acid
composition of the test diets after 30 minutes of stability
test (Table 3).

Fish Rearing and Acclimation

Induced bred fry of Heteropneustes fossilis were
obtained from the Ghazipur fish hatchery (New Delhi,
India), transported to the wet laboratory (Department
of Zoology, Kashmir University, J&K, India), given a
prophylactic dip treatment in mild KMnOs solution
(1:3000; Loba Chemie, Mumbai, India) and stocked in
indoor plastic syntax circular tanks (water volume
600liter; Plastic Crafts Corp, Mumbai, India) so that the

fish get acclimatized to Ilaboratory conditions.
Throughout this period, their feeding behavior and feed
intake were carefully observed. Apparent satiety was
ensured simply by visual observation and the fish were
carefully observed during feeding to ensure satiety
without overfeeding (Farhat, 2014). The diet was fed till
the fish actively consumed at each feeding. Fish were
fed thrice daily at 08:00, 12:00 and 17:00 hours on
casein-gelatin based (380 g/kg crude protein) H-440
(2002) diet as soft cake for two weeks.

Experimental Design and Weekly Measurements

A completely randomized design with six
treatments and four replicates/treatment were used
(4.1+0.3g, n=4,) in which each tank represented as one
experimental unit. Fish were stocked at the rate of 20
fish per trough (70-liter circular polyvinyl troughs, water
volume 55 liter, flow-through rate (1-1.5 |/min) system
for each dietary treatment level. Fishes were fed test
diets in the form of semi-moist balls (320 g/kg moisture;
5 mm in diameter) to apparent satiation thrice daily at
08:00, 12:00 and 17:00 hours. During feeding,
consumption of the diet was particularly watched. Tanks
were cleaned daily by siphon before dispensing the feed
and after every active feeding whereas weekly cleaning
of tanks were done during the experimental periods.
Feed allocation was done till ad libitum and hence, left-
over feed was not found in any of culture tank. The
experiment has lasted for 12 weeks. On the day of

Table 2. Amino acid composition of reference protein and the amino acid test diets

Proximate composition of the amino acid test diets (g/kg)

(A1) (A2) (A3) (Ag) (As) (As)
Protein 380.3 380.5 380.4 380.2 380.1 379.8
Crude fat 6.99 6.95 6.98 6.99 7.11 7.19
Dry matter 76.4 76.9 76.5 76.3 76.2 76.1
Gross energy (kJ/g) 17.75 17.71 17.74 17.77 17.79 17.76
Essential Amino Acid Profile of the Test diets
*EAA (g/kg) $380 g/kg WCE protein (A1) (A2) (As) (Aq) (As) (Re)
Arginine 24.45 24.41 24.43 24.39 24.45 24.43 24.44
Histidine 7.99 7.97 7.99 7.96 7.98 7.99 7.99
Isoleucine 30.4 30.4 30.1 30.5 30.4 30.2 30.3
Leucine 34.95 34.91 34.99 34.97 34.95 34.96 34.94
Lysine 27.35 27.33 27.34 27.35 27.34 27.32 27.33
Methionine 15.66 15.68 15.65 15.63 15.61 15.65 15.63
**Phenylalanine 23.94 7.31 9.68 12.14 14.55 16.99 19.37
Threonine 16.43 16.45 16.47 16.45 16.48 16.45 16.44
Tryptophan 5.7 5.72 5.71 5.71 5.73 5.71 5.72
Valine 27.74 27.74 27.73 27.75 27.74 27.76 27.73
#*NEAA
Cystine 9.3 8.1 8.9 8.5 9.1 8.9 8.8
**Tyrosine 17.3 16.97 14.56 12.12 9.71 7.32 4.87
Alanine 21.85 21.86 21.84 21.87 21.81 21.85 21.83
Aspartic acid 13.11 13.11 13.11 13.12 13.11 13.13 13.15
Glutamic acid 26.86 26.88 26.89 26.87 26.83 26.85 26.88
Proline 31.7 31.8 31.6 31.7 31.8 31.9 31.8
Serine 6.53 6.6 6.7 6.9 6.4 6.5 6.7
Glycine 44.67 84.55 84.49 84.43 84.29 84.35 84.41

*Essential amino acids

**Dietary amino acids were mimicked as per the amino acid profile of whole chicken egg protein excepting phenylalanine and tyrosine which were

fixed as per their calculated doses
#Non-essential amino acids
$Whole-chicken egg protein
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weekly measurements, fish were fasted for 24 hours to
empty their guts and their bulk weight recorded on a
top-loading balance (Sartorus CPA- 224S 0.1mg
sensitivity, Goettingen, Germany) for calculating growth
parameters. To avoid stress, above measurements were
taken under moderate anesthesia (100 mg/L MS-222,
Sigma, St Louis, MO, USA). Fish were treated with mild
KMnOs solution (1:3000; Loba Chemie, Mumbai, India)
before each weighing to prevent handling infection.

Water Quality Analysis

Water was sampled from each trough to determine
water temperature, dissolved oxygen, free carbon
dioxide, total alkalinity, TAN, nitrite and pH based on
daily measurements as per the standard methods
(APHA, 1992). The pH was determined by using digital
pH meter (pH ep-HI 98107, USA). Fish were kept under
a natural photoperiod of 12 hours light:12 hours dark.
The water temperature was maintained at 26°C which
was reported optimum for this fish by Fatma & Ahmed
(2020).

Collection of Fish Sample

At the beginning and end of the 12 week feeding
trial, fish were anaesthetized by moderate dose of 100
mg/L MS-222 (Flecknell, 2016), Sigma, St. Louis, MO,
USA and killed by freezing at -20°C for whole body
proximate analysis. Pooled sample of 30 fishes was
taken from the initial stock and analyzed for initial body
composition. There were 4 tanks per treatments. At the
end of the experiment, six fish were taken from each
tank, group pulverized and then 3 sub-samples from this
ground up group of 6 fish were taken (n=4x3) for body

composition analyses (Abidi & Khan, 2007; Abidi & Khan,
2012; Fatma & Ahmed, 2020). Before every sampling
fish were starved for 24 hours.

Proximate and Gross Energy Density Analysis of Test
Diets and Fish

Proximate composition of casein, gelatin,
experimental diets, and initial and final whole body was
estimated using standard methods (AOAC, 1995). Dry
matter of the samples was determined by oven drying
at 105+19C for 24 hours, crude protein using macro-
kjeldhal method (Nx6.25). Dried samples were digested
in sulphuric acid (12 ml) at high temperature (420°C) in
the presence of potassium sulphate and copper
sulphate as catalysts (Kjeltec 8400, FOSS Denmark),
crude lipid by solvent extraction with petroleum ether
(B.P. 40-609C) for 2-4 hours (FOSS Avanti automatic
2050, Sweden) and the ash content was determined by
incinerating 2 g of dried samples in a Muffle Furnace at
6502C for 2-3 hours.

Gross energy content of the amino acid test diets
was calculated on the basis of fuel values 23, 20.19,
24.24, 16 and 37.6 kl/g for casein, gelatin, amino acids,
dextrin and fat anddetermined using a bomb
calorimeter (USA) in a professional laboratory at Delhi,
India. The analysis revealed a close agreement with the
calculated values of the gross energy (Table 1).

Amino Acid Analysis of Experimental Diets and Fish
Samples

Samples of amino acid test diets, intact protein
sources, reference protein (380 g/kg whole chicken egg
protein) and initial and final fish body were prepared as

Table 3. Amino Acid Analyses of experimental diets after leaching test.

*EAA (g/kg) (A1) (A2) (As) (Ad) (As) (As)

Arginine 24.11 24.41 24.34 24.44 24.45 24.41
Histidine 7.65 7.95 7.95 7.95 7.96 7.94
Isoleucine 30.23 30.0 30.49 30.31 30.23 30.29
Leucine 34.92 34.95 34.93 34.93 34.95 34.93
Lysine 27.32 27.32 27.34 27.31 27.31 27.32
Methionine 15.63 15.63 15.61 15.57 15.65 15.62
Phenylalanine 7.30 9.63 12.11 14.53 16.97 19.34
Threonine 16.44 16.44 16.43 16.47 16.47 16.41
Tryptophan 5.71 5.67 5.69 5.71 5.73 5.71
Valine 27.71 27.71 27.74 27.72 27.73 27.72
NEAA

Cystine 8.0 8.89 8.49 9.2 8.92 8.78
Tyrosine 16.94 14.54 12.11 9.73 7.31 4.82
Alanine 21.83 21.82 21.84 21.82 21.84 21.81
Aspartic acid 13.10 13.01 13.11 13.08 13.11 13.14
Glutamic acid 26.81 26.82 26.85 26.81 26.83 26.83
Proline 31.79 31.59 31.69 31.76 31.87 31.78
Serine 6.4 6.69 6.87 6.34 6.49 6.69
Glycine 84.47 84.44 84.39 84.33 84.39 84.29

*Essential amino acids

**Dietary amino acids were mimicked as per the amino acid profile of whole chicken egg protein excepting phenylalanine and tyrosine which were

fixed as per their calculated doses
#Non-essential amino acids
$Whole-chicken egg protein
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per Abidi, & Khan (2012) for analyses of amino acid
contents. After preparation, the samples were sent to a
professional lab for the analyses. Briefly, 0.4mg sample
was hydrolyzed in 1ml of 6N HCI for nearly 22 hours at
110°C. Samples thus obtained were diluted in HCI
(0.02N). The hydrolyzed samples were filtered using
microfilter (0.45 micron, Cellulose acetate membrane,
Corning, Tokyo, Japan). For analysis of tryptophan,
recovery  hydrolysis was performed in 4N
methanesulfonic acid followed by decomposition at
110°C for 22 hours. Samples were then diluted in 4N
NaOH to adjust pH at 2 followed by another dilution in
0.02N HCI. Recovery hydrolysis of methionine and
cystine was done in 2ml of performic acid for 4-24 hours.
The samples thus prepared were then sent to a
professional laboratory for amino acid analyses. The
results of the amino acid analyses of whole chicken egg
protein and amino acid test diets are given in Table 2.

Estimation of Nucleic Acids

After the termination of feeding trial, 5 fish from
each replicate of the treatment groups (n=20) were
randomly euthanized with MS-222 (100 mg/L) and white
muscle tissues were removed. Quadruplicate tissue
samples from each replicate of the treatment group
(n=4) were taken for the determination of RNA and DNA.
Nucleic acids and RNA/DNA ratio were determined as
per Schmidt & Thannhauser (1945). The amount of RNA
and DNA were expressed as mg/g.

RNA

RNA concentrations were determined using orcinol
method as per Mejbaum (1939). White muscle tissue
(250 mg) from each replicate was placed in centrifuge
tubes followed by addition of 4 ml cold 0.22 M per-
chloric acid (PCA). The contents were then stored at 49C
for 15 minutes and centrifuged at 3000 g (49C) for 15
minutes. Supernatant was discarded and precipitate
was washed twice with PCA as per above procedure.
Resulting precipitate was dissolved in 4 ml potassium
hydroxide (0.3 N) while incubating in hot waterbath for
2 hours at 382C. Standard using purified yeast RNA
(Sigma Aldrich) was prepared in similar manner.
Samples and standard were then cooled, 1 ml PCA
added and centrifuged. RNA was determined by
addition of 2 ml orcinol reagent to 1 ml supernatant, the
mixture were then incubated in a hot water bath at 982C
for 20 minutes. Intensity of the color developed was
read at 665 nm after adjusting the blank
(Spectrophotometer, Genesys 10-UV,  Thermo
Spectronic, Madison, WI, USA). The quantity was
expressed as pug/100mg.

DNA

DNA concentrations were determined using a dual
wavelength method of Wilder & Stanley (1983). Samples

of white muscle tissue from each replicate weighing 50
mg and standard calf thymus DNA (Sigma Aldrich) were
placed in centrifuge tubes to which 5 ml PCA (0.5N) were
added; tubes were then heated at 70°C for 30 minutes.
After cooling and centrifugation at 3000 g for 15
minutes, absorbance of the samples was measured at
232 and 260 nm. Quantity of DNA was expressed as
pg/100mg.

Collection of Blood and Serum

At the end of the 12-week feeding trial, fish were
fasted for 24 h immediately prior to blood sampling. Five
fish from each replicate of the treatment were
anesthetized with tricaine methanesulfonate (MS-222,
40 mg/L), and blood was collected from the caudal
puncture. At the end of the feeding trial, fish were
starved for 24 hours and were randomly tranquilized
with 50 mg/L solution of MS-222 for collection of blood.
Before taking blood, the caudal region was wiped with
blotting paper to avoid handling contamination with
mucus. Blood samples were collected by tail vein
puncture using heparinized syringes. The samples were
placed in microcentrifuge tubes for centrifuging (1000 g,
10 min at room temperature). The collected blood was
divided into two part of Eppendorf tubes. One set of
blood was transferred in vials containing heparin and
shaken gently to allow thorough mixing of its contents
which was used for analyses of blood parameters as
erythrocyte counts, Heamoglobin contents (Hb),
Heamatocrit (Hct%), Erythrocytes sedimentation rate
(ESR) and Erythrocyte osmotic fragility (EOF). The
second set, without an anticoagulant, was left to clot at
4°C and centrifuged at 5,000 x g for 15 min at room
temperature. The collected sera were stored at -20°C
for further assays.

Serum Biochemistry

Activities of alanine aminotransferase (ALT; IU/L)
and aspartate aminotransferase (AST; IU/L) in serum
were analyzed using an automatic biochemical analyzer
(VetScan VS2, Abaxis, Union City, CA) as per
manufacturer’s protocol. Briefly, immediately after
collection of sample in heparinized micropipette, 100 uL
blood was dispensed into the reagent rotor and then the
equipment after automatic analysis generates the
results. Enzyme activity was expressed as IU/L. All
analyses were performed in quadruplicate.

Digestive Enzymatic Activities

To analyze the digestive enzymes, alimentary tract
was dissected to remove adherent adipose and
connective tissues. Digestive tracts including stomach
and intestines of 4 fish per replicate of the treatment
group (n = 16) were then weighed, and homogenized in
buffer solution containing phosphate (10mM) and Tris
(20mM), pH 7.0 in a homogenizer. The homogenates
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were centrifuged at 1000 x g for 10 min and the
supernatant (crude extract) was used as enzyme source
for all enzymatic assays. Acidic protease activity was
measured in the stomach using casein as substrate
according to the method of Hidalgo et al. (1999). The
assay was performed using 0.2 M KCl buffer at pH 1.8,
and samples were incubated at 30°C for 40 minutes. The
reaction was terminated with 15% TCA, and absorbance
was recorded at 280 nm. The activity of alkaline
protease was determined in the intestine as per
Hummel (1959). Tyrosine was used as a standard. The
enzymatic activity was defined as the amount of enzyme
needed to catalyze the formation of 1 mg tyrosine/min.
Intestinal  amylase  activity was  determined
spectrophotometrically at 660 nm as per Silva et al.,
(2020).

Liver Glycogen and Blood Glucose

Determination of liver glycogen was performed
according Bidinotto et al, (1997),  with
spectrophotometer readings at 480 nm absorbance.
Blood glucose was recorded using a digital glucometer.

Physiological Assay

Physiological responses such as erythrocyte
countsx 10°/ml, hemoglobin content (Hb g/dl),
hematocrit value (Hct %) and the erythrocyte
sedimentation rate (ESR mm/hour) were determined as
has been done earlier (Fatma & Ahmed, 2020). Briefly,
erythrocyte counts was determined by an improved
Neubauer hematocytometer with Yokoyama (1977)
solution as the diluting medium, haemoglobin (Hb g/dL)
was estimated colorimetrically following Wong’s (1928)
method and Haematocrit value (Hct%) was measured by
spinning the micro-wintrobe tube containing well mixed
blood for about 5 min at 12000 g. For the determination
of erythrocyte sedimentation rate (ESR), 2 mL blood was
drawn into a Westurgen tube. The tubes were placed
vertically and left undisturbed for 60 min, after which
time, the level of the column of sediment was noted as
ESR. Erythrocyte osmotic fragility was assessed in terms
of percentage haemolysis using gradient hypotonic salt
solution as per Ezell et al, (1969). Percentage
haemolysis was calculated by reading the optical density
of supernatant against salt concentrations at 540 nm
using spectrophotometer (Thermo Spectronic, Genesys-
10S, Rochester, New York, USA). All hematological
determinations were carried out in quadruplicates with
5 fish per replicate (n=5x4=20) for each treatment. The
study was approved by Animal Ethical Committee
registered under R.No. 801/Go/RE/S/2003/CPCSEA.

Calculations

Following growth parameters were evaluated to
assess the performance of test diets:

Daily growth coefficient (DGC%)= (Final wt)3-(Initial
wt)3/No of days x 100

Specific Growth rate (SGR%/day) = (In) final body wt.-
(In) initial body wt./No. of days x 100

Feed conversion ratio (FCR; Dry basis) = Feed
consumption/weight gain

Survival Rate (SR %) = Final number of fish/Initial
number of fish x 100

Feed intake (g/fish) = Total dry feed consumes/No. of
fish

Protein deposition (PD %) = Protein gain (g)/Protein fed
(g) x 100

Statistical Analysis

All growth data were subjected to one-way
analysis of variance (Sokal & Rohlf, 1981). Optimum
dietary phenylalanine and tyrosine ratio was
determined according to the method of Baker et al.,
(2002) and Parr et al., (2003) in which the broken-line
and quadratic analyses are superimposed and the
requirement is determined by establishing the point
where the quadratic curve first intersected the plateau
of broken-line. Differences among the treatment means
were determined by Tukey’s significant difference test
at a P<0.05 level of significance (Tukey, 1953). Statistical
analysis was done using Origin (version 8.1; Origin
Software, San Clemente, CA). All the analyses were done
in quadruplicates (n=4).

Results
Growth Performance

Growth performance of fish fed varying ratios of
dietary phenylalanine and tyrosine are summarized in
Table 4 and presented as Figure 1 and 2. Fish showed
almost uniform growth in all the diets during the first
week of feeding trial. The weight gain differences
become significantly apparent (P<0.05) after the first
week of the feeding trial. Fish fed varying ratios of
phenylalanine: tyrosine in diets A1, A2 and As exhibited
reduced growth and anorexia. No other obvious
deficiency signs or any external pathology were noted in
groups fed below 60:40 ratio of dietary phenylalanine:
tyrosine. At the end of the experiment, fish receiving
phenylalanine and tyrosine at a ratio of 60:40 in diet A4
had significantly higher (P<0.05) daily growth
Coefficient% (DGC 5.18%), specific growth rate (SGR;
1.92%/day), best feed conversion ratio (FCR; 1.59) and
protein deposition (PD; 28.6%). However, a significant
decline (P<0.05) in above parameters was recorded at
still higher phe: tyr ratio in diets As (70:30) and As
(80:20). Reduction in feed intake were apparent in
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groups fed diets As and Ae indicating that fingerling H.
fossilis could not go easy with higher levels of dietary

phenylalanine in diets with higher ratios of
phenylalanine: tyrosine.
The results clearly indicated thatdietary

phenylalanine and tyrosine together in a preferred
combination at 60:40 ratio is necessary.

RNA/DNA Ratio
RNA/DNA ratio also increased significantly (P<0.05)

with the increase in dietary phenylalanine: tyrosine ratio
up to 60:40 (14.54 g/kg phe: 9.69 g/kg tyr dry diet)

beyond 60:40 ratio had significantly lower values for
RNA/DNA ratio and hence decreased growth rate. Data
pertaining to this have been provided in Table 5.

Whole Body Composition

Body protein significantly improved and best
values were obtained for the groups fed with
phenylalanine and tyrosine at 60:40 ratio (A4), however,
a significant decline (P<0.05) in the body protein was
noted for the groups receiving diets beyond this ratio at
70:30 (As) and 80:20 (As) indicating that protein
synthesis rate remained at highest levelsat60:40 ratio of

indicating maximum protein synthesis at this dietary phe:tyr. Body moisture content remained almost
ratio. However, those fed phenylalanine below and unchanged (P<0.05) with the increasing dietary
Table 4 Growth, conversion efficiencies and protein deposition of fry H. fossilis.
Dietary phenylalanine: tyrosine ratio (g/kg dry diet)
30:70 40 :60 50 :50 60 :40 70:30 80:20
(A1) (A2) (As) (Ad) (As) (As)
Average initial wt. (g) 3.9740.2 3.8240.1 4.0°0.1 3.8210.2 3.9240.3 4.1°40.2
Average final wt. (g) 8.8°10.3 11.39+0.2 13.9¢0.3 15.12+0.1 14.5°+0.2 13.1°40.1
DGC% 2.26+0.05 3.43°+0.12 4.58+0.02 5.18+0.11 4.91°+0.03 4.179+0.11
SGR%/day 1.14+0.05 1.51°+0.02 1.72¢+0.03 1.922+0.02 1.82°+0.04 1.619+0.03
FCR®? 2.64°+0.01 2.235+0.02 1.88+0.01 1.59%+0.01 1.652+0.02 1.699+0.03
FI (g/fish) 2 12.94f+0.02 16.739+0.04 18.61°+0.03 17.982+0.05 17.49°+0.03 15.21°+0.04
PD%? 8.8°+0.3 12.99+0.2 18.3°+0.1 28.6°+0.4 23.3°+0.3 18.9¢+0.2
L2Mean values of 4 replicates +SEM. Mean values with the same superscripts in a row are insignificantly different (P>0.05).
DGC% = Daily growth coefficient%
SGR%/day = Specific growth rate
FI (g/fish) = Feed intake
FCR = Feed conversion ratio
PD% = Protein deposition
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Figure 1. Fitted plot of DGC% vs. dietary phenylalanine ratios. Each point represents the means of four replicates per treatment

(n=4) with 20 fishes per replicate.
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Figure 2. Fitted plot of SGR%/day and FCR vs. dietary phenylalanine ratios. Each point represents the means of four replicates per
treatment (n=4) with 20 fishes per replicate.

Table 5. Body composition, nucleic acid indices digestive enzyme activities, liver glycogen and blood glucose of H. fossilis fry.

Dietary phenylalanine: tyrosine ratio (g/kg dry diet)

g/kg (wet wt. basis) Initial 30:70 40 :60 50 :50 60 :40 70:30 80:20
(A1) (A2) (A3) (Ag) (As) (As)

Moisture 762.1+0.4 767.131£0.2 766.321£0.1 764.73+£0.1 763.12+0.3 754.9+0.2 750.9¢+0.4
Protein 157.4+1 119.1%+2 128.0°+3 139.0¢t2 169.12+1 149.2b+3 133.19+1
Fat 31.1+0.2 32.3243 34.79+4 35.9¢+2 36.3¢+3 38.95+2 41,9243
Ash 29.9+0.4 32.5¢+0.2 31.89+0.2 32.1¢+0.3 31.4¢+0.1 33.7b+0.4 35.12+0.2
RNA (mg/g) - 1.42+3 1.79+2 2.0°+3 2.3244 2.1b+3 1.842
DNA (mg/g) - 0.453+2 0.43b+3 0.41t4 0.43b+3 0.442+1 0.41t4
RNA/DNA ratio - 3.13%+0.11 3.96°+0.13 4.86°+0.02 5.232+0.11 4.79°¢0.12 4.469+0.22
Amylase* - 5.02¢+0.13 5.339+0.11 5.55¢+0.13 5.62¢+0.14 5.96Y+0.11 6.192+0.11
Acidic protease** - 14.2+0.1 20.4+0.3 31.9+40.1 43.510.2 36.7+0.3 30.410.3
Alkaline protease*** - 5.087+0.21 5.41¢+0.51 5.58b+0.31 5.712+£0.21 5.49¢+0.41 5.319+0.21
Glycogen - 14.449+0.22 14.59¢+0.14 14.61°£0.13 14.59¢+0.14 17.66+0.12 18.259+0.23
Glucose - 65.81¢+0.01  69.149+0.03  75.09°¢0.08  79.95°+0.05 94.91°+0.01  98.892+0.04

Mean values of 4 replicates +SEM.

**%1 mg tyrosine/min/mg protein

Mean values with the same superscripts in a row are insignificantly different (P>0.05). Liver glycogen is expressed
as u moles glucose g/tissue; Blood glucose is expressed as mg/dL,*1umol glucose/min/mg protein,**mg casein hydrolyzed/min/mg protein,

phenylalanine: tyrosine ratio up to 50:50 (As) and,
thereafter (70:30; As and 80:20; Ae¢), a significant
decrease (P<0.05) in the moisture content was noted.
Body fat a positive correlation with the increasing ratio
of dietaryphenylalanine: tyrosine. However, the body
ash showed insignificant (P>0.05) change in fish fed
diets containing different ratio of phenylalanine and

tyrosine (Table 5).

Serum Biochemistry (ALT and AST activities)

Data of serum biochemistry have been detailed in
Table 6. Fish fed phe:tyr ratio below 60:40 in diet A4 had
significant reduction in serum ALT and AST activities
which may probably be due to balanced dietary
proportion of phe and tyrosine at 60:40 ratio indicating
that the metabolism geared up for sparing the amino
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acid to be used as an energy source. The mathematical
analysis of AST and ALT activities confirmed that at 60:40
ratio of phenylalanine: tyrosine, amino acids were more
being utilized for anabolic purposes (Table 6).

Digestive Enzyme Activities

Activities of acidic and alkaline proteases were
significantly (P<0.05) lower in the A1, A2 and Az groups,
indicating role of phenylalanine in synthesis and
secretion of these enzymes in fish. The activity of acidic
protease enzyme increased in groups fed phe:tyr ratio
up to 60:40 in diet As where phenylalanine and
tyrosinewere at 15.9 g/kg and 10.6 g/kg of the diets
indicating that balance proportion of phenylalanine:
tyrosine is necessary for synthesis and secretion of these
enzymes.

Higher ratios of phenylalanine in diets As and As
(16.96 g/kg and 19.39 g/kg diet) did not result a
proportional increase in the activity of this enzyme.
Amylase activity in fish of diets As and As was higher
(P<0.05) than those fed other diets (Table 5). It is well
known that increase in substrate concentrations,
increases enzyme activities. Higher amylase activities in
fish fed diets As and As may probably be due to the
reasons that fish fed these diets converted excess
phenylalanine to glucose which were available as
substrate for increase in amylase activities in fish fed
dietary phenylalanine: tyrosine at ratios higher than
60:40

Blood Glucose and Liver Glycogen

A significant effect (P<0.05) of dietary ratios of
phenylalanine and tyrosine inclusion was recorded on
liver glycogen and blood glucose in groups fed ratios of
phe: tyr beyond 60:40 in diets As and Ae. Fish fed these
diets with higher proportions of phenylalanine had
significantly higher liver glycogen and blood glucose
levels than those fed other diets (Table 5).

Effects of Dietary Phe: Tyr on Physiological Responses

Theerythrocytescounts (Table 6) and Hb contents
were significantly (P<0.05) lower for the groups fed diets
A1 and Az where phe: tyr ratios were 30:70 and
40:60indicating that these diets become deficient in
phenylalanine at higher ratios of tyrosine. However,
above hematological parameters tended to be at their
best values in groups fed phe: tyr at ratio of 60:40
indicating that phenylalanine: tyrosine ratio up to 60:40
is feasible for this fish. However further increase in ratio
of phenylalanine: tyrosine in diets As and Ae resulted in
sharp decline in these physiological responses.

Erythrocyte Osmotic Fragility (EOF)
Erythrocyte osmotic fragility in terms of %

haemolysis was found to increase from diet A1 to As.
Groups fed diets As and As exhibited significant decrease

(P<0.05) in erythrocyte fragility in hypotonic salt
solution (Table 6, Figure 3).

Water Quality Parameters

The water quality parameters were measured
three times daily at 07:00, 12:00 and 18:00 hours. The
water temperature, dissolved oxygen, free carbon
dioxide, total NHs3-N, pH, and total alkalinity were
26.240.1 (C), 6.740.4 (mg/mL), 6.3£0.5 (mg/mL),
0.03+0.01 (mg/mL), 7.2+0.2 and 75.6+0.4 (mg/mL),
respectively. All water quality parameters were within
the acceptable limits for fingerling H. fossilis during the
length of the experiments.

Optimum Dietary Phenylalanine: Tyrosine Ratio

To generate precise information, DGC%,
SGR%/day, FCR, and erythrocyte osmotic fragility% data
were subjected to quadratic-broken-line regression
analyses. The two models were superimposed and
optimum dietary phe:tyr ratio was determined by
establishing the point where the quadratic curve first
intersected the plateau of broken-line and the average
value was calculated to recommend the optimum
phe:tyr ratio. The abscissa of intersection of the straight
broken-line with a quadratic regression curve revealed
optimum phe: tyr ratio for fry H. fossilis to be
at64.94:35.06 corresponding to 15.83 g/kg: 8.55 g/kg on
equimolar basis.

Discussion

A balanced dietary amino acid profile increases the
amino acid retention and may improve growth and
protein utilization (Aragdo et al., 2004). This study also
showed that dietary phenylalanine: tyrosine ratio if not
as per requirement, restricts growth and significantly
influences carcass quality parameters in H. fossilis.

If phenylalanine is fed at optimal level in the diet
but with inadequate level of dietary tyrosine, a portion
of the phenylalanine gets converted to tyrosine thus
becomes less than the optimum and hence adversely
affects the growth performance and body composition.
The conversion of phenylalanine to tyrosine in the
absence or at low levels of dietary tyrosine is possible
through the process of hydroxylation but the reverse
reaction does not occur in animals (Martin et al., 1993).
Nose (1979) reported that the phenylalanine
requirement of common carp was 65 g/kg in the
absence of tyrosine but was reduced to 34% in the
presence of 26% tyrosine. Growth retardation in terms
of DGC, FCR, SGR and PD at phenylalanine and tyrosine
ratios of 70:30 and 80:20 in diets As and As is due to the
fact that in these diets phenylalanine was at excess
(16.96 g/kg dry diet in Asand 19.39 g/kg dry diet in Ag)
thus causing a significant growth retardation and
inferior body composition due to combined effects of
phenylalanine excesses and inadequate tyrosine
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content in fish fed these diets. The reduction in growth
at phe:tyr ratio of 80:20 (diet As) with still high level of
dietary phenylalanine intake in fish fed diet Ae could also
be attributed to extra energy expenditure in
nitrogenous excretion, because excess amino acids are
deaminated and eliminated in the form of ammonia
(Campbell, 1991) which requires energy and hence the
diversions of energy from anabolic to catabolic
processes at higher dietary phenylalanine intake with
inadequate ratio of tyrosine might have resulted in
growth retardation in this group. Therefore, optimum
balance of both phenylalanine and tyrosine is needed in
the diet. These results therefore, clearly indicate that
dietary inclusion of phenylalanine and tyrosine in

adequate combination (60:40) is necessary and that
ratio of phenylalanine and tyrosine at 60:40 was
permissible and hence best growth was recorded at this
dietary combination of phenylalanine and tyrosine.
Carcass quality is the most important issue for
aquaculturists as it influences the quality of the product
and its acceptance by the consumer (Klanian & Alonso,
2015; Hamandishe et al., 2018). Hence, efforts have to
be made on means by which quality of fish may be
improved. Since a major component in fish tissue is
protein, priority has been given to increase the protein
content of the fish tissue to improve the quality of the
product. In this study, stinging catfish fed dietary
phenylalanine and tyrosine at a ratio of 60:40 exhibited

Table 6. Serum biochemistry and heamatological parameters of H. fossilis fry.

Dietary phenylalanine: tyrosine ratio

g/kg (wet wt. basis) 30:70 40 :60 50:50 60 :40 70:30 80 :20
(A1) (A2) (As) (As) (As) (As)
AST (1U/L) 39b+3 37¢t1 34e+3 30f+2 36943 44214
ALT (1U/L) 51b+1 49¢+4 472 44f+1 489+4 52313
Erythrocyte counts (x 10%/ml) 2.69+0.12 2.93¢40.11 3.48v+0.14  3.792+0.12 3.41¢+0.13 3.179+0.11
Hb (g/dL) 10.89+0.1 11.9¢¢0.4 12.4°+0.2 13.72£0.2 12.9+0.3 10.49+0.1
Hct% 26.4+0.3 28.39+0.2 30.2+0.1 32.52+0.2 29.1¢+0.4 27.9¢+0.3
ESR (mm/hour) 3.292+0.02 3.17°+0.04 2.899+0.01  2.29¢+0.03 2.99°+0.04 3.17°+0.02
EOF (% Heamolysis) 78t 62b+2 53c+1 412 54¢+4 59d+3

Mean values of 4 replicates +SEM. Mean values with the same superscripts in a row are insignificantly different (P>0.05). Hb=Heamoglobin;
Hct=Hematocrit; ESR=Erythrocyte sedimentation rate; EOF=Erythrocyte osmotic fragility
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Figure 3. Fitted plot of Erythrocyte Osmotic Fragility% vs. dietary phenylalanine ratios. Each point represents the means of four

replicates per treatment (n=4) with 20 fishes per replicate.
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excellent carcass quality in terms of carcass protein
content. Body fat content of fish fed diets As and As
exhibited significant linear increase, probably due to the
fact that phenylalanine is both, glucogenic and
ketogenic amino acid and excess dietary phenylalanine
in fish fed at 70:30 and 80:20 ratios might have
converted to fat through the process of gluconeogenesis
leading to higher body fat content in fish fed theses
diets.

The serum biochemistryas ALT and AST activities
reveals health and nutritional status. Any physiological
or pathological changes in serum biochemical
parameters of ALT and AST activities in fish may be due
to external factors, stress, or due to changes in dietary
amino acids (Lin et al, 2015) and high ALT and AST
activities indicates a damage of normal liver function
(Habte-Tsion et al,, 2015), specifically related to an
excess or imbalanced dietary amino acid contents.

Fish fed dietary phenylalanine: tyrosine at 60:40
ratio (14.54 g/kg: 9.69 g/kg of the diet) exhibited normal
physiological range of serum ALT and AST activities
indicating normal hepatic functions at this ratio. In this
study, groups fed phenylalanine and tyrosine ratios at
70:30 (As) and 80:20 (As) had comparatively higher
values for aspartate and alanine transferases indicating
that higher ratios of phenylalanine in these diets have
affected liver and hence the body metabolism
(Ballantyne, 2000; Olsen et al., 2005; Zhao et al., 2012).
Increased serum ALT activities in groups fed diets As and
Asalso suggest catabolism of amino acids at high dietary
intake of phenylalanine in these diets (16.96 and 19.39
g/kg phenylalanine). Serum AST activity also increased
probably to cope with the increasing energy demands at
higher dietary phenylalanine intake at phe: tyr ratios of
70:30 and 80:20 which is to be fulfilled through the
catabolism of excess phenylalanine.

Digestive enzyme secretion was lower in A1, A2 and
Az groups, indicating main role of amino acids in
synthesis and secretion of these enzymes in fish as
amino acids are vital molecules in the metabolism of all
living organisms and are the building blocks of enzymes
(Yaghoubi et al., 2018). The relatively low pepsin activity
in fish fed diet A1 might also be due to the lower
availability of amino acid for protein synthesis and
hence lower availability of protein as substrate for
protease activity in fish fed these diets. The activity of
acidic protease enzyme increased in groups fed phe:tyr
ratio up to 60:40 in diet Az where phe and tyr were used
at 14.54g/kg and 9.69 g/kg of the diets. The higher ratio
of dietary phe in diets As and As (16.96 g/kg and 19.39
g/kg diet) did not result a proportional increase in the
activity of this enzyme, indicating the saturation of
enzymatic action mechanisms, wherein the free enzyme
was completely bound to the substrate (phenylalanine).
Alkaline protease also exhibited almost same trend.
Noticeably, the amylase activity in fish of diets As and As
was higher than those fed other diets indicating the
conversion of excess phenylalanine to glucose through
gluconeogenesis in these diets. Higher amylase activities

in fish fed diets As and As may probably be due to the
reasons that fish fed these diets converted excess
phenylalanine to glucose which were available as
substrate for increase in amylase activities in fish fed
dietary phenylalanine: tyrosine at ratios higher than
60:40

Growth performance of the fry may also have been
influenced by changes in metabolic variables, where an
increase of blood glucose, plasma triglycerides and
hepatic glycogen levels occurred. Phenylalanine is a
glucogenic amino acid (Redei, 2008) that may be
converted to glucose at dietary excesses and higher
levels of glucose cause hyperglycaemia, raise the
concentrations plasma triglycerides and reduced food
intake (Blasco et al., 2001; Tran-Duy et al., 2008). Excess
phenylalanine at higher dietary phe:tyr ratios in diets As
and As might have entered to gluconeogenesis and
resulted in hyperglycemic response that resulted in
increased liver glycogen and blood glucose for the
groups fed diets As and Ae. Feed intake showed a linear
positive correlation up to diet As. However, a consistent
decline was recorded for the groups fed phenylalanine
at 16.96 and 19.39g/kg in diets As and As where the
proportion of phenylalanine was high (70:30 and 80:20).
In fish, hyperglycaemia causes reduced food intake and
physiological alterations related to changes in brain
glucose sensing markers (Polakof et al.,, 2011). Excess
glucose is stored as glycogen, in the liver and muscle, or
can be converted to lipids (Polakof et al., 2012; Song et
al., 2018). Liver glycogen corresponded positively with
the phe: tyr ratio at 70:30 and 80:20 in diets As and Ae
that led to hyperglycaemia which was probably the
reason for reduced feed intake and inferior growth
performance of groups fed diets As and As.

The physiological responses of farmed fish are an
integral part for evaluating their health status. Dietary
state and stress have been known to alter blood values
(Barnhart, 1969; McCarthy et al., 1973). Significant
dose-dependent increase in erythrocytes x10°/ml, Hb
g/dL and Hct% values in fish fed diets up to Az indicate
that this diet was having optimum amount of
phenylalanine with an adequate ratio of tyrosine. Since
diets A1, A2 and As were deficient in phenylalanine, this
might have resulted anemia in these groups.
Erythrocytes sedimentation rate (ESR) is a non-specific
hematological parameter that generally increases in
case of stress, general infections or nutritional
pathologies, acute infections and heavy metal poisoning
(Blaxhall & Daisley, 1973). The ESR in fish fed
phenylalanine up to As diet decreased and then
increased in fish fed diets As and As. Significant decline
in physiological responses such as erythrocytes, Hb and
Hct% in fish fed As and As diets indicate that the fry fed
these diets might have suffered nutritional toxicity of
excess phenylalanine at phe:tyr ratios of 70:30 and
80:20. The smaller volume of the erythrocytes, as well
as the smaller concentration of hemoglobin in fish fed
As and As compared to those fed diets A1, Az, Az and As
was probably due to the lesser availability of
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phenylalanine in these diets for the synthesis of the
proteins that make the above blood parameters.

As a protective system against hyperglycaemia in
fish, erythrocytes are rather impermeable to glucose,
thus possibly delaying the formation of glycosylated
proteins (Polakof et al., 2012). Therefore, fish fed with
high concentrations of the phenylalanine in As and As
diets, decrease in oxygen transport capacity of
erythrocytes might have led to reduction in the
metabolism required for higher growth performance
(De Souza et al., 2019).

Erythrocytes break down was reported to be faster
in case of improper membrane function (Robbins et al.,
1984). In this study, ratios of phe:tyr significantly
affected the strength of erythrocyte membranes.
Erythrocytes of fish fed dietary phe:tyr ratio at 14.54 g
phenylalanine/kg diet with 9.69g/kg tyrosine in diet A4
exhibited lower susceptibility to haemolysis when
placed in a hypotonic salt solution indicating that
erythrocytes were more resistant to haemolysis. This
might be due to the fact that cell wall strength was
maximum at optimum level of dietary phenylalanine
and tyrosine. The erythrocytes were more susceptible to
osmotic lysis in fish fed diets with either below (A1, Az,
As) or beyond this combination of dietary phenylalanine
and tyrosine in diets As and Ae.

Nutrient requirements in fish can be estimated by
either broken-line regression analysis (Robbins et al.,
1979) or quadratic regression analysis (Zeitoun et al.,
1976). Parr et al., (2003) concluded that straight broken-
line model is likely to underestimate the nutrient
requirement whereas the quadratic regression analysis
may overestimate the requirement (Baker, 1986)
because requirement is taken at the point where the
response of fitted line plateaus. Therefore, an objective
approach as proposed by Baker et al., (2002) and Parr et
al., (2003) has been taken in this study to determine the
optimum dietary phenylalanine/tyrosine ratio for H.
fossilis fry. In this method, the broken line and quadratic
analyses are superimposed and requirement is
determined as the point where the quadratic curve first
intersected the plateau of broken-line. Moreover, these
researchers observed that growth response to lower
levels of a limiting nutrient was curvilinear and they
suggested that the abscissa of the intersection of
straight broken-line with a quadratic regression curve is,

Table 7. Comparison of various studies

therefore, a more accurate estimate (Robbins et al,
2006).

Based on above mathematical analyses of growth
and nutrient utilization data it is recommended that
dietary phenylalanine: tyrosine ratio at 64.94:34.06
corresponding to 15.83 g/kg: 8.55 g/kg on an equimolar
basis is optimum for H.fossilis fry. The ratio further
indicates that H. fossilis fry has moderate efficiency of
utilizing more of supplemental tyrosine. The
requirement determined in this study is comparable to
the requirements determined by other workers (Chance
et al., 1964; Kim, 1992, Kim et al., 2012; Zehra & Khan
2014; Ren et al., 2015; Xiao et al., 2020) as have been
presented in Table 7.

Conclusion

Data of this study has high relevance as the
information can be widely used to ensure that optimum
phenylalanine and tyrosine ratio of the fish is met while
using a greater variety of cost-effective dietary protein
feedstuffs used during fishmeal replacement
formulations in sustainable aquafarming of this fish. The
results of the current study could serve as a basis for
establishing the optimum phenylalanine and tyrosine
ratio in diet for H. fossilis fry to increase aquaculture
productivity while preventing nitrogenous waste and
environmental damage caused by imbalanced dietary
essential nutrients.
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