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Abstract

This study was conducted to determine the optimal dietary requirement of phenylalanine, also
to investigate the effects of different levels of dietary phenylalanine on the growth performance
and digestion of Cyprinus carpio. Six isonitrogenous (37.92 + 0.28% crude protein) and
isolipidic (7.14 £ 0.15% crude lipid) diets were formulated with incremental levels of
phenylalanine 0.38% (Control), 0.94%, 1.32%, 1.75%, 2.23% and 2.7% in the diet. 1200 fishes
were divided into 24 cylindrical polypropylenes with 50 individuals in each tank (individual
initial weight of fishes was 0.20 + 0.07g) into four replicates in a completely randomized design
for 8 weeks. The results showed that the final weight of the groups fed with 1,76%, was
significantly higher than other Phe groups (P<0.05). WGR and SGR was significantly higher in
groups fed with 1.76% (P<0.05). While FCR was significantly lower in the groups fed 1.76%
than 0.38% group (P<0.05). PER was significantly higher in the group fed 1.76% than the group
fed 0.38% Phe (P<0.05). The optimum phenylalanine requirement was determined to be 1.58%
and 1.73% of air-dry basis (4.17% and 4.56% of dietary protein) based on SGR and FCR
respectively. Digestive enzymes activity results showed that fishes fed with diet 2.23% Phe, had
significantly higher trypsin activity (P<0.05). In conclusion, the current study has revealed that
most of parameters that are related to growth performance, feed utilization and digestive enzyme

activity were found to be linearly influenced by the dietary phenylalanine level in the diet.

Keywords: digestive enzyme; growth performance; Cyprinus carpio; phenylalanine
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Introduction

Phenylalanine is an essential amino acid vital for
various biological processes including cell
signalling, energy metabolism, protein synthesis,
and muscle growth (Wu, 2022). It is a precursor for
tyrosine, which is important for neurotransmitter
and hormone production (NRC, 2011).
Phenylalanine is vital for neurological function,
muscle growth, hormone production, and
metamorphosis. Phe metabolite, phospholipids aid
in neurological development while its product
tyrosine is involved in protein phosphorylation and
neurotransmitter production. Phenylalanine is
necessary for the production of hormones like
thyroxine and triiodothyronine which are crucial
for metamorphosis (Zehra & Khan, 2014;Sharf &
Khan, 2023;Schreiber & Specker, 1998;Li et al.,
2007).

Inclusion of dietary phenylalanine in the aquatic
animal’s diet has proven to significantly affect
growth performance and feed utilization. Studies
on Channa punctatus (Sharf & Khan, 2023), catla
catla (Zehra & Khan, 2014) , swimming crabs
(Portunus trituberculatus) (Guo et al., 2022) and
Nile tilapia (Oreochromis niloticus) (Zehra &
Yousif, 2021) have shown significant
improvement on growth performance and feed
utilization.  Appropriate  levels of dietary
phenylalanine promote better growth in fish,
whereas both insufficient and excessive intake may
cause negative impacts (Benakappa & Varghese,
2004). It helps control the transcription of growth
hormone (GH) and insulin-like growth factor-I
(IGF-1) in fish, both of which play vital roles in
growth (Yang et al., 2023).

Phenylalanine in the diet significantly affects fish
digestive and absorptive functions by modulating
enzyme activity, shaping gut structure, and
supporting overall intestinal health (S. Zhang et al.,
2023). This vital amino acid is fundamental for
enhancing digestion and improving nutrient
utilization in fish (W. Li et al., 2015). Including
phenylalanine in the diet enhances intestinal health
by supporting gut structural integrity and boosting

its immune function (Ahmed, 2022). Moreover, it
is essential for efficient nutrient absorption and
metabolism (Yuan, 2000). The efficiency of fish
digestion largely depends on the interaction
between dietary nutrients and digestive enzymes,
while phenylalanine playing a supportive role in
enhancing these processes (Z. Ma et al., 2010).
Furthermore, dietary phenylalanine can improve
protein metabolism and overall feed utilization (Yi
et al., 2024). This study aimed on investigating the
effect of various dietary phenylalanine levels in the
diet on growth performance, and digestive
enzymes activity in Cyprinus carpio.

Material and methods
Experimental diets

The experimental diets were formulated based on
the nutritional requirements of fish outlined in the
(NRC, 2011) guidelines, using common feed
ingredients. These included fishmeal, soybean
meal, rapeseed meal, shrimp meal, squid paste,
wheat meal, fish oil, and soy oil. Additional
components consisted of granulesten, cholesterol,
monocalcium phosphate (MCP), a premix, vitamin
C, choline chloride, ecdysone, and dimethyl-beta-
propantheline (DMPT). Six diets were prepared to
be isonitrogenous (37.92% crude protein) and
isolipidic (7.14% crude lipid). The control diet
contained 0.38% phenylalanine, while the
experimental diets were supplemented with
phenylalanine at levels of 0.94%, 1.32%, 1.75%,
2.23%, and 2.70% (Table 1). All ingredients were
finely ground, sieved, and weighed, after which the
dry materials were mixed thoroughly before adding
water and oil. The blend was processed using a
twin-screw extruder (Guangzhou Huagong Optical
Mechanical and Electrical Technology Co. Ltd.,
Guangzhou, China) to produce 1.0 mm extruded
pellets. The pellets were then air-dried at room
temperature, packaged, and stored in a freezer at —
15 °C until the feeding trial began

Experimental setup and feeding trials

137 of 146



Effects of dietary phenylalanine on growth performance and digestion of common carp (cyprinus carpio)

The feeding trial experiment was conducted in an
indoor re-circulating aquaculture system at the
Freshwater Fisheries Research Center. 1200 fishes
were divided into 24 cylindrical polypropylene
tanks (800Litres of water was filled) with 50
individuals in each tank. Six formulated
experimental feeds in four replicates were
randomly assigned to the 24 tanks.

Cyprinus carpio were acquired from Dapu fish
hatchery station of the Freshwater Fisheries
Research Center of the Chinese Academy of
Fishery Sciences (Wuxi, China). The fishes were
acclimatized for 14 days while fed with
commercial feed. At the beginning of the
experiment, fishes’ individual initial weight was
0.20 £ 0.07 g. fishes were fed by hand, to satiation
three times a day (7.30am-8.00am, 12.30pm-
1.00pm, 5.30pm-6.00pm). A daily feed amount
was approximately 5-6% of tank biomass. The
uneaten feeds were removed lhr after feeding by
siphoning the residual feeds. Water temperature
ranged from 25 to 31°C, pH was maintained at 7.5—

8.0, ammonia nitrogen levels were below 0.02 mg/
L, nitrite nitrogen ranged between 0.005 to 0.01
mg/L, DO levels were higher or equal to 6.0 mg/ L,
and water exchange were done one third of the
tanks depending on the elevated levels of nitrite
and ammonia every 7 to 10 days.

Sample collection

Sampling procedure was followed as the fishes
were starved for 24 hours before collection of the
samples. We counted the weight of all fishes from
each tank. Nine fishes were selected from each tank
for morphometric measurements of individual
weight and length of the selected fishes were
recorded for body indices analysis. 20 fishes from
each tank were chosen for haemolymph collection,
hepatopancreas extraction and guts collection. The
guts and hepatopancreas of the fishes were
promptly removed and collected into 2 mls
cryogenic vial tubes and frozen in liquid nitrogen
before being stored at -80 °C for other analytic
assays.

Dietary Phenylalanine Level (%)

Ingredients %) 0.38 0.94 1.32 1.76 2.23 2.70

Amino acid mix® 26.57 26.57 26.57 26.57 26.57 26.57

Fishmeal® 10.00 10.00 10.00 10.00 10.00 10.00

Soy protein concentrate® 2.00 2.00 2.00 2.00 2.00 2.00

a-starch® 25.38 25.38 25.38 25.38 25.38 25.38

Microcrystalline 20.00 20.00 20.00 20.00 20.00 20.00
cellulose®

Fish oil: soybean oil 4.00 4.00 4.00 4.00 4.00 4.00
(1:1).2

Soy phospholipids (oil) 2.00 2.00 2.00 2.00 2.00 2.00

Monocalcium phosphate® 3.00 3.00 3.00 3.00 3.00 3.00

Squid paste® 2.00 2.00 2.00 2.00 2.00 2.00

Mineral premix® 0.60 0.60 0.60 0.60 0.60 0.60

Vitamin C® 0.50 0.50 0.50 0.50 0.50 0.50

Vitamin premix® 0.20 0.20 0.20 0.20 0.20 0.20

Choline chloride (50%)° 0.25 0.25 0.25 0.25 0.25 0.25

Glycine 2.50 2.00 1.50 1.00 0.50 0.00

Phenylalanine 0.00 0.50 1.00 1.50 2.00 2.50

DMPT® 1.00 1.00 1.00 1.00 1.00 1.00

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00

Proximate composition (% Air dry basis)

Crude protein 37.54 38.10 37.85 38.10 37.97 37.99

Crude fat 7.17 7.26 7.05 7.22 7.08 7.06

Ash content 5.17 5.11 5.20 5.21 5.14 5.18

Phenylalanine 0.38 0.94 1.32 1.76 2.23 2.70

Phenylalanine in Protein 1.01 2.47 3.49 4.61 5.87 7.11
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Note: 2 obtained from Tongwei Co., Ltd. (Wuxi,
China). ® Wuxi Hanove Animal Health Products
Co., Ltd. (Wuxi, China). ¢ DMPT, dimethyl-beta-
propantheline.

Amino acid mix (g/100 g diet): L-histidine, 0.50;
L-isoleucine, 1.22; L-leucine, 1.79; L-lysine, 2.09;
D, L-methionine, 0.76; L-phenylalanine, 0.91; L-
threonine, 0.76; L-valine, 1.08; L-tryptophan, 0.29;
L-aspartic acid, 2.59; L-serine, 0.39; L-glycine,
1.70; L-alanine, 1.83; L-cystine, 0.30; L-tyrosine,
0.85; L-glutamic acid, 3.65; L-proline, 0.53.

Vitamin Premix (IU or mg/kg diet): vitamin A,
25,000 IU; vitamin D3, 20,000 IU; vitamin E, 200

mg; vitamin K3, 20 mg; thiamine, 40 mg;
riboflavin, 50 mg; calcium pantothenate, 100 mg;
pyridoxine HCI, 40 mg; cyanocobalamin, 0.2 mg;
biotin, 6 mg; folic acid, 20 mg; niacin, 200 mg;
inositol, 1000 mg; Vitamin C, 2000 mg; Choline,
2000 mg.

Mineral Premix (g/kg diet): calcium biphosphate,
20; sodium chloride, 2.6; potassium chloride, 5;
magnesium sulphate, 2; ferrous sulphate, 0.9; zinc
sulphate, 0.06; cupric sulphate, 0.02; manganese
sulphate, 0.03; sodium selenate, 0.02; cobalt
chloride, 0.05; potassium iodide, 0.004.

Table -2 Amino acid contents in the feeds (g/100g in air dry basis)

Amino acid % Dietary Phenylalanine Level

0.38 0.94 1.32 1.76 2.23 2.70

EAA®
Histidine 0.70 0.66 0.67 0.64 0.67 0.67
Isoleucine 1.71 1.65 1.72 1.68 1.74 1.72
Leucine 291 2.87 291 2.84 2.92 2.88
Lysine 2.69 2.64 2.61 2.60 2.66 2.62
Methionine 0.86 0.88 0.92 0.86 0.91 0.91
Phenylalanine 0.38 0.94 1.32 1.75 2.23 2.70
Threonine 1.31 1.25 1.33 1.25 1.31 1.30
Valine 1.78 1.72 1.80 1.75 1.81 1.79

NEAAP
Arginine 2.73 2.70 2.75 2.67 2.77 2.70
Glycine 4.76 3.08 3.83 3.28 2.85 2.29
Cystine 0.11 0.11 0.12 0.11 0.12 0.12
Tyrosine 0.64 0.54 0.62 0.62 0.68 0.66
Proline 1.35 1.26 1.40 1.37 1.36 1.41
Aspartic acid 4.39 4.25 4.38 4.31 4.39 4.29
Serine 0.91 0.92 0.94 0.91 0.94 0.93
Alanine 2.42 2.39 2.46 2.42 2.45 2.45
Glutamic acid 6.17 6.11 6.24 6.01 6.20 6.13

Note: Tryptophane was not determined because of its degradation during acid hydrolysis.

* EAAs, Essential Amino Acids. ® NEAAs, Non-essential Amino Acids.

Growth parameters

All fishes were weighed in bulk to obtain total
biomass of the tank then counted to obtain their
number in the tank for analysis of growth indices.

The growth performance was assessed using
biomass of the tanks and amount of feed used
during the feeding trial experiment. Parameters

such as weight gain rate (WGR), specific growth
rate (SGR), feed conversion ratio (FCR), survival
rate (SR) and protein efficiency ratio (PER) were
calculated based on the biomass of each tank.

WGR (%) =100 % (final body weight — initial body
weight)/ initial body weight;

SGR (%/d) = 100 x (In final weight — /n initial
weight)/days of the experiment
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FCR = feed intake/biomass increase

SR (%) = 100x (final number of prawn/Initial
number of fish)

PER (%) = 100x (biomass increase/protein
supplied)

Digestive enzymes analysis

The  hepatopancreas samples, weighing
approximately 0.1g, was measured in triplicate
from each group. then, 0.9 mL of sterile 0.9%
saline water was added along with iron balls, and
the mixture was placed in a homogenizer machine
operating at 60Hz for 15 seconds, repeated 3 to 5
times to ensure proper homogeneity of the
sample. The sample was then centrifuged at 4 °C
at 4000 rpm for 10 minutes, and the supernatant
was stored at -20 °C for antioxidant indices
analysis. The protein content of the hepatopancreas
was determined using a commercial kit (Nanjing
Jiancheng Bioengineering Institute, Nanjing,
China). All analytical procedures were conducted
on ice to maintain sample integrity.

Digestive activity  indices  on
Hepatopancrease were analysed using commercial
kit for digestive enzymes determination (Nanjing
Jiancheng Bioengineering Institute, Nanjing,

enzymes

China). Enzyme activity of lipase, amylase and
trypsin were following the instructions of the kit
providers, then analysed using a spectrophotometer
machine (Thermo Fisher Scientific, Multiskan Go,
Finland) at 580nm, 595nm and 253 respectively to
obtain results.

Data collection and statistical analysis

The statistical analysis was conducted using
Statistical package for social sciences (SPSS)
version 23. One-way analysis of variance
(ANOVA) was utilized to assess the impact of
dietary Phenylalanine levels on the observed
responses. Duncan's test was then employed to
identify any significant differences among the

treatments. A significance level of P<0.05 was
established. To identify the most appropriate
regression model, additional analyses were
performed, the orthogonal polynomial contrasts
were adopted and determine whether the effect was
linear, quadratic and/or cubic. SGR and FCR were
chosen for determination of the optimal dietary
phenylalanine requirement, the second-degree
polynomial regression analysis was used to
determine the optimal values on SGR and FCR.

Results and Discussion
Growth performance

The growth performance indices are presented in
Table -3. WGR, SGR, FCR and PER exhibited a
linear significant relationship while final weight
showed quadratic significant relationship with the
dietary levels of phenylalanine on orthogonal
polynomial contrast analysis (P<0.05). However,
Initial weight and SR did not show significant
relationship with dietary phenylalanine levels
(P>0.05). Final weight was significantly higher in
groups fed with 2.7%, 2.23%, 1.76% and 1.32%
than 0.38% group (P<0.05). WGR and SGR was
significantly higher in groups fed with 2.7%,
2.23%, 1.76%, 1.32%, and 0.94% than 0.38%
group (P<0.05). FCR was significantly lower in the
groups fed with 2.23% and 1.76% than 0.38%
group (P<0.05. The group fed with 1.76% dietary
Phe showed higher PER significance difference
than 0.38% group (P<0.05).

SGR and FCR, as indicators of growth
performance were used to determine the optimal
phenylalanine requirement of Cyprinus carpio
using broken-line regression analysis. Based on
SGR and FCR, the analysis determined the
optimum phenylalanine requirement to be 1.58%
and 1.73% of air-dry basis (equivalent to 4.17%
and 4.56% of dietary protein) for SGR and FCR,
respectively (Figure -1).
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Table -3 Effect of dietary phenylalanine on growth performance of Cyprinus carpio
Phenylalanine inclusion in a diet (%)

Parameter 0.38 0.94 1.32 1.76 2.23 2.70
Initial Weight(g) 0.20 0.20 0.20 0.20 0.20 0.19
Final Weight(g) 0.60° 0.66® 0.70° 0.72° 0.69° 0.68°
SR (%/d) 92.67 88.67 88.67 90.00 90.67 91.33

WGR (%) 209.70° 239.48° 256.73° 260.42° 249.68" 251.81°
SGR(%/d) 2.02° 2.18° 227 2.29° 2.23° 2.24°

FCR 1.77 1.62% 1.52% 1.42° 1.47° 1.50

PER (%) 30.06" 32.61° 35.00® 37.35° 35.87% 35.38%

Note: Significant differences are indicated with different superscript letters in the same row

) SGR o) FCR
26 200 4 y=-02525x+ 18599
24 . 190 1 I R2=09977
19 1 _‘,.——L?‘:;.- ——] 1.80 1
! —+ ; mi TNy
2 | 160 N~y I
] | ) . N
S181 0 y=02050e+ 1963 b =DM+ 1369 130 1 INL—
16 COR=090 R*=0.5981 140 :i
! 130 1 |
14 ! . 0 ] y=00812x+128% s
12 LB N RE=0983) | =L
2 '/ 110 1 "
| t t t t t | 1.00"“:'":"“:""':"":"":
W 05 0 15 20 25 30 00 0% 10 1% 20 230 30
Dietary Phe % Dietary Phe %

Figure -1 Optimal dietary phenylalanine requirement using SGR (a) and FCR (b) on broken-line regression analysis

Hepatopancrease digestive enzymes capacity with varying dietary phenylalanine levels
(P<0.05). fishes that were fed a diet containing
1.32%, 1.76%, 2.23% and 2.7% phenylalanine
displayed significantly higher trypsin activity
compared to groups fed diets containing 0.38% and
0.94% phenylalanine (P<0.05

The effect of dietary phenylalanine levels on
digestive enzyme activities in the hepatopancreas
is detailed in Table -4. Through orthogonal
polynomial contrast analysis, it was found that only
trypsin exhibited a significant linear relationship

Phenylalanine inclusion in a diet (%)
Table -4 Effect of

Parameter 0.38 0.94 1.32 1.76 223 270 gjetary phenylalanine
on digestive enzyme
Amylase (U/gprot) 26.87 27.21 2450 2413  27.67 26.70 activity of Cyprinus
) carpio
Lipase (U/gprot) 12.85 14.25 14.00 13.50 13.92 14.55 Note: Data are mean
Trypsin (U/gprot) 38.87°  4125°  58.49° 60.27° 64.49° 57.84* valucanddetermined by

Duncan’s test, Values in

the same row with different superscripts are significantly (P < 0.05) different.
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Discussion
Growth Performance and feed utilization

The study revealed that the quantity of
phenylalanine in the diet had a significant effect on
the growth performance and feed utilization of
Cyprinus carpio. Groups that were fed higher
levels of phenylalanine demonstrated higher
performance compared to those with lower levels.
Similar studies on blunt snout bream Megalobrama
amblycephala (Ren et al., 2015) support these
findings. However, inclusion level exceeding the
optimal requirement led to a decrease in growth
performance and feed utilization. Similar trends of
results have been observed in studies on triploid
rainbow trout (Oncorhynchus mykiss) (Zhang et al.,
2023), Indian major carp: Cirrhinus mrigala
(Hamilton)(Ahmed, 2009), Indian major carp
Labeo rohita (Khan & Abidi, 2007) and silver
perch Bidyanus bidyanus (Ngamsnae et al., 1999),
hybrid grouper (Yang et al., 2023), largemouth
bass Micropterus salmoides (Yi et al., 2022).
Consumption  of amount  of
phenylalanine can have detrimental effects on
growth and development. Elevated levels of
phenylalanine in fish diets can result in increased

excessive

energy expenditure to eliminate nitrogen, as
surplus amino acids are broken down and excreted
as ammonia so as energy is redirected from
anabolic to catabolic processes (Campbell, 1991
;Sayed & Ahmed, 2022). This process also can lead
to the oxidation of substantial amounts of phenyl
pyruvic acid stored in the body, ultimately
producing toxic and potentially harmful effects
(Zhu et al., 2017).

The variations in phenylalanine requirements
mentioned may be attributed to differences in
species, age, experimental conditions, breeding
environments, or dietary protein sources (Zhang et
al., 2023). These factors can significantly impact
the amount of phenylalanine needed by individual
specie. This study determined the optimal dietary
phenylalanine requirement of Cyprinus carpio to
be 1.58% and 1.73% for dietary protein levels of
4.17% and 4.56% based on SGR and FCR

respectively. Previous studies on phenylalanine
requirements on fish and crustaceans indicated the
same trend of requirement. Study on Kuruma
shrimps indicated phenylalanine requirements to
be 1.5% of 3% dietary protein (Teshima et al.,
2002), pacific white shrimp Phe requirement was
1.58% of 3.86% dietary protein (Jin et al., 2019),
Phe requirement of swimming crab was 1.19% of
2.64% dietary protein (Guo et al., 2022). In this
study the optimal requirement of Phe of common
carp is may be slightly higher but it is within the
acceptable range with the mentioned studies,
although there is a slight difference in percentage
of dietary protein inclusion this may be attributed
by stage of growth of common carp as juvenile
requirement for protein is high for various
metabolic processes and also type and source of the
dietary protein and ingredients.

Digestive enzyme activity

The growth performance of aquatic animal is
closely linked to their digestive and absorption
capabilities (Zhang et al., 2022). Estimation of
digestive enzyme activities can serve as indicators
of nutrient utilization by fish (Sayed & Ahmed,
2022). This study revealed a significant linear
relationship between the activity of trypsin
and phenylalanine levels of in the diet. Trypsin
activity was found to increase in correlation with
higher dietary phenylalanine levels. These findings
highlight the direct impact of dietary phenylalanine
on hepatopancreatic trypsin activity. Trypsin is one
of the mainly known digestive enzyme that is used
in the synthesis of bioactive peptides. Peptides
have been reported to exhibit a variety of
bioactivities  including antioxidant activity
(Shahidi & Zhong, 2015) The presence of certain
amino acids and their positioning within the
peptide sequence significantly influences their
antioxidant activity (Aluko, 2015). Specific amino
acids such as tyrosine, histidine, tryptophan,
phenylalanine, valine, leucine, and methionine are
important for the antioxidant activity of peptides.
(Akbarian et al., 2022). Studies have found that
antioxidative peptides protects cells from damage
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by ROS by activating specific genes (Sarmadi &
Ismail, 2010). In this study it indicated that the
higher levels of phenylalanine increased the trypsin
activity which may influence the synthesis of
bioactive peptides which ensure oxidation of ROS.
In contrast to this study, research conducted on
stinging  catfish fossilis)
demonstrated a significant increase in amylase
activity, which indicated the potential conversion
of excess phenylalanine into glucose through the
process of gluconeogenesis (Sayed & Ahmed,
2022). These contrast results may be influenced by

(Heteropneustes

the type of specie, age. and source of dietary
protein.

Conclusion

In conclusion, the current study has revealed that
most of parameters that are related to growth
performance, feed utilization and digestive
enzymes activity were found to be linearly,
quadratically, or cubically influenced by the
dietary phenylalanine level in the diet. A broken-
line regression analysis was used to determine the
optimal phenylalanine requirement for Cyprinus
carpio. Based on SGR and FCR optimal
phenylalanine value were found to be 1.58% and
1.73% of the air-dry basis, which is equivalent to
4.17% and 4.56% of the dietary protein,
respectively. These findings indicated that dietary
phenylalanine is crucial for growth, development,
digestion and overall health. Adequate intake of
phenylalanine is necessary to support proper
growth and metabolism of common carp. However,
the results of the showed that dietary phenylalanine
inclusion exceeding optimal threshold resulted in a
decline in performance of almost all parameters.
These findings offer valuable insights into the
nutritional requirements of Cyprinus carpio, which
can be utilized to enhance their growth and overall
well-being in aquaculture environments. This
study established a fundamental basis for inclusion
of dietary phenylalanine in the diets of oriental
river prawn and potential application in crustacean
nutrition. The impact of this research on other

aquatic animals warrants further investigation and
consideration.
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