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Abstract

Improving feed intake is a key strategy for enhancing the production efficiency of the culture system. The
present work was conducted to evaluate the efficiency of selected amino acids and their derivatives as feeding
stimulants and attractants on growth and physio-biochemical parameters of Labeo catla. Four hundred and
eighty (30.95+1.86 g) fish were distributed in a completely randomised design for a 60-day feeding trial. Eight
iso-nitrogenous (30%) and iso-caloric (375 Kcal 100g_1) practical diets were formulated: control (no
supplementation), Ala (1.5% supplemental alanine), Arg (1.25% supplemental arginine), Bet (0.5%
supplemental betaine), Glu (1% supplemental glutamic acid), Gly (1% supplemental glycine), Hyp (1%
supplemental hydroxyproline) and Lys (1.5% supplemental lysine). Dietary supplementation significantly (p <
0.05) improved feeding response, weight gain (WG), weight gain percentage (WG%), protein efficiency ratio
(PER), average daily gain (ADG), and specific growth rate (SGR), with the highest growth performance observed
in the Hyp group followed by Arg, Ala and Bet. The activities of digestive enzymes (amylase, protease and
lipase) and metabolic enzymes (glucose-6-phosphate dehydrogenase, G6PDH, alanine aminotransferase, ALT;
aspartate aminotransferase, AST) were significantly (p < 0.05) upregulated. Furthermore, supplemented diets
elevated antioxidant enzyme profiles while reducing malate dehydrogenase and lactate dehydrogenase
activity, indicating lower physiological stress. These findings demonstrate that functional amino acid addition
in feed, particularly 1% hydroxyproline, 1.25% arginine, and 1.5% alanine, acts as an effective feeding
stimulant. This offers a practical approach to formulate better feeds for L. catla.
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1 | INTRODUCTION role in promoting food security and nutritional needs
The food from aquaculture is well recognised for its key (Pradeepkiran 2019). With the stationary growth in cap-
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ture fisheries (inland and marine), the production has
remained around 90 million tons since 1990 (FAO 2022).
However, the aquaculture sector continued to grow, and
for the first time, it surpassed capture fisheries produc-
tion. Furthermore, it is expected that fish and shellfish
production using culture-based fisheries will reach 111
million tons by 2032 (FAO 2024). Aquaculture production
can be further enhanced by implementing intensive cul-
ture technologies and utilizing higher-quality feed to in-
crease fish growth (Ngoc et al. 2021). The growth of ag-
uaculture, coupled with the rising cost of feed, has neces-
sitated interventions in the feed manufacturing process
and formulation. To produce cost-effective and nutrition-
ally complete feed, the exploration of alternative feed
ingredients, including various feed additives offers a
promising approach.

Amino acids are added to the feed as additives, as
they act as feed stimulants, enhancing growth by increas-
ing feed intake of fish (Li et al. 2009). Previous research
has demonstrated a significant improvement in digestive
enzymatic activities such as protease, amylase and lipase
upon addition of fish diets with specific amino acids (Li et
al. 2009; Dar et al. 2019; Wang et al. 2022). These im-
provements in digestive efficiency led to better nutrient
absorption and utilisation, ultimately promoting faster
and healthier fish growth (Zhao et al. 2015; Jiang et al.
2016). According to Nguyen et al. (2020), the amino acid
inclusion in aquafeeds reduces the reliance on traditional,
high-cost protein sources, thus addressing economic and
sustainability concerns. Thus, using amino acids as feed
stimulants and growth enhancers presents a viable strat-
egy for advancing aquaculture feed technology. This ap-
proach not only promotes the optimal health and growth
of fish but also helps the aquaculture industry remain
sustainable economically and environmentally (Hancz
2020).

Fish live in aquatic systems, where detecting food
and early intake without much wastage are major con-
cerns (Li et al. 2020). There is always a certain amount of
feed that gets wasted because of problem in the detec-
tion of feed by the fish and hence contributes to water
quality deterioration (Hancz 2020). Therefore, utilization
of feed at the earliest is necessary to avoid the problem
of leaching. Use of binders as feed additives will help to
ensure that the feed is intact after placing in water body
(Tacon 1987), but instead improving feeding response
and optimising feeding frequency can be the most effi-
cient way to reduce loss and improve growth of the ani-
mal cultured (Craig et al. 2017). The intervention in feed
manufacturing by the addition of feeding stimulants in
feed has opened a big niche of feed additives in the cate-
gory of feed stimulants and attractants. Feed stimulants
enhance the palatability and feed acceptance (Alemayehu
etal. 2018).

Amino acids are mostly used and studied as feed

Journal of Fisheries

Page 2 of 13

L-amino acid supplementation boosts growth in Labeo catla
Prashanth et al.

stimulants. These also play a prominent role in fish nutri-
tion. Li et al. (2009) have reported crucial roles of certain
AAs and their metabolites in regulating essential metabol-
ic pathways related to feed intake, nutrient utilization,
growth, immune response, behavior, larval development,
reproduction, and the ability to cope with environmental
changes and pathogens among different fish species. Alt-
hough according to Adams and Johnsen (1986), the stimu-
lation effect of different compounds in herbivorous fish
and carnivorous fish generally vary but, according to Carr
et al. (1996), in both groups, a common role of food sens-
ing is performed by the AAs. There is a scarcity of re-
search for species specific response of amino acids as an
attractant in feed.

Labeo catla was selected for the experiment due to
its easy availability, market demand and higher growth
rate. L. catla production ranked fourth among cultivated
finfish in 2022, contributing more than 4 million tons to
global fisheries production (FAO 2024). Similarly, the Indi-
an major carp’s production in India has reached 6.736
MMT in the year 2022-23 (Handbook on fisheries statis-
tics 2023). This study is aimed at understanding the effect
of amino acids fortified feed in terms of feed intake,
growth, metabolic and antioxidant responses of L. catla.

2 | METHODOLOGY

2.1 Experimental fish

Four hundred and eighty farm-reared advanced L. catla
fingerlings (30.95+1.86 g) of the Indian Council of Agricul-
tural Research-Central Institute of Fisheries Education
(ICAR-CIFE), Motipur, were procured and stocked in an
FRP tank of 2000 L capacity. Fish were properly condi-
tioned and acclimatised for 15 days after stocking. Water
was exchanged daily at the rate of 20% using groundwa-
ter. During the acclimatization, the fish were fed com-
mercial feed (30% CP) twice a day until satiation.

2.2 Experimental design

The experiment was conducted in p-lined rectangular
ponds (14x14 square feet each) located in ICAR-CIFE,
Motipur, India (GPS coordinates: latitude: 26.258489,
longitude: 85.173947). The experiment consisted of eight
treatments, viz., control, without any AA supplementation
in the diet and experimental diets using Ala (1.5% sup-
plemental L-alanine), Arg (1.25% supplemental L-
arginine), Bet (0.5% supplemental betaine hydrochloride),
Glu (1% supplemental L-glutamic acid), Gly (1% supple-
mental  L-glycine), Hyp (1% supplemental L-
hydroxyproline), Lys (1.5% supplemental L-lysine) in tripli-
cates following the completely randomised design (CRD).
The experimental trial was conducted for 60 days. Ran-
domly, four hundred and eighty healthy fish were select-
ed and distributed into eight groups with twenty-four
ponds (20 fish per pond). The water quality parameters,
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including temperature, pH, ammonia, nitrite, and nitrate
were examined every week at the water and soil quality
laboratory of the ICAR-CIFE Motipur Centre, according to
APHA, (2005) standard techniques.

2.3 Experimental diets

The locally available ingredients (Table 1) were selected
for fish feed preparation and proximate analysis (crude
protein and ether extract) was performed following
standard techniques (AOAC 2005). Eight experimental
diets (around 30% crude protein) containing different
amino acids were formulated and prepared (Table 2).
Soybean meal, fish meal, and mustard oil cake were used
as sources of protein. Fish oil and vegetable oils were the
lipid sources, and rice bran, maize flour, and wheat flour
were the carbohydrate sources. Choline chloride was also
used in addition to the vitamin-mineral premix. The mi-
cronutrients, like vitamins and minerals were also added
to the prepared feeds. Other miscellaneous ingredients,
such as vitamin C, butylated hydroxytoluene (BHT) and
carboxymethyl cellulose (CMC) were added to the diets.

TABLE 1 Proximate composition of locally available ingre-
dients used to prepare feed.

Ingredients cP' % EE* %
Fish meal 52 5
Soybean meal 44 2
GNOC 45 9
Mustard oil cake 34 7
Wheat flour 12.1 2
Rice bran 12.5 2
Corn flour 10.3 2
Sunflower oil 0 100
Fish oil 0 100

1CP, crude protein; 2EE, ether extract

2.4 Feeding trial

A feeding trial was carried out for 60 days from 15 May
2023 to 14 July 2023 at the Motipur centre of ICAR-CIFE,
Bihar. During the experiment, the fish were given feed at
4% of body weight twice a day at 9:00 and 17:00 hours.
The following parameters were claculated to understand
feed utilization.

WG (%) = (FW (g) - IW (g)) x 100 / IW (g)

SGR = (Ln FW (g) - Ln IW (g)) x 100/ Feeding trial du-
ration

FCR = Feed given (dry weight in g) / WG (wet weight
ing)

PER = WG (g) / Protein intake through feed (g).

Where WG is weight gain, FW is final weight of fish, IW is
initial weight of fish, FCR is feed conversion ratio, and PER
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is protein efficiency ratio.

2.5 Feeding response
The following equation was used to calculate the feeding
response:
Feeding response = ((Total feed given — Left over
feed collected)) / (Total feed given) x 100

Fifteen fish (mean weight of 30 g) per treatment in
triplicate were stocked in plastic crates (100 L). Fish were
acclimatized to the system for a week. Continuous aera-
tion was provided and the optimum water quality was
maintained. Commercial feed (30% CP) was provided
twice a day during the period of acclimatisation.

The feeding response was studied by providing feed
and collecting the remaining feed after 20 minutes of
feeding. The leftover feed was dried and weighed. The
study was conducted two times a day. The efficiency of
each feed was analysed individually using this method
and expressed in percentage. The aim was to understand
the stimulation effect of amino acids in feed.

2.6 Proximate composition

To perform whole body composition analysis, sampling
was done at the end of the feeding trial by using random-
ized sampling method in triplicate from each treatment.
A similar procedure was used for experimental diets. The
proximate analysis, which includes moisture, crude pro-
tein, crude lipid, crude fibre, total ash and free extract
was estimated using the standard method of AOAC
(2005).

2.7 Enzyme analysis

Following the feeding trial, fish were left unfed for a day
before sampling. For enzymatic analysis, different tissues
(liver, muscle and intestine) were collected and homoge-
nised in sucrose solution (chilled condition) of 0.25 M
using a homogeniser. Following homogenisation, centrif-
ugation was done at 5000 rpm at 4°C for 10 minutes. Lat-
er, the supernatant was collected for analysis purposes.
Lowry’s method was used for estimating the total protein
content of the above-mentioned tissue samples (Lowry et
al. 1951). The activities of digestive enzymes viz. prote-
ase, amylase and lipase were estimated by standard
methods of Drapeau (1976), Cherry and Crandell (1932)
and Rick and Stegbauer (1974), respectively.

Protein metabolic enzymes such as alanine ami-
notransferase (ALT) and aspartate aminotransferase (AST)
activities of the liver sample were assayed using the
standard technique of Wooten (1964). The Lohr and Wal-
ler (1965) technique was used to measure the amount of
G6PDH in the hepatic tissue. Assay of lactate dehydro-
genase was done by following the Wroblewski and Ladue
(1955) method. Malate dehydrogenase was estimated
using a similar reaction combination, with the exception
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of the substrate (1 milligram oxaloacetate millilitre™ of
chilled triple distilled water) (Ochoa 1955).

Using the Misra and Fridovich (1972) technique, the
SOD (superoxide dismutase) activity was calculated and
represented as 50% suppression of epinephrine auto-
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oxidation mg_1 protein min~". Catalase activity was ana-
lysed according to Takahara et al. (1960). The nanomoles
of H,0, decomposed min " mg_1 protein was used to ex-
press the enzyme activity.

TABLE 2 Formulation and proximate composition of experimental diets.

Diets (treatmentsl)

Ingredients (g/kg)

C Ala Arg Bet Glu Gly Hyp Lys

Fish Meal 50 50 50 50 50 50 50 50
Soybean meal 305 272 280 297 285 285 285 272
GNOC 195 190 188.5 190 190 190 190 190
Mustard oil cake 140 140 140 140 140 140 140 140
Wheat flour 90 100 100 100 100 100 100 100
Rice bran 110 110 110 110 110 110 110 110
Maize flour 39.1 52.1 48.1 37.1 44.1 44.1 44.1 52.1
Groundnut oil 10 10 10 10 10 10 10 10
Soyabean oil 20 20 20 20 20 20 20 20
Fish oil 10 10 10 10 10 10 10 10
Vit-Min mix* 20 20 20 20 20 20 20 20
cMC 10 10 10 10 10 10 10 10
Choline 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
BHT 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Vitamin C 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Alanine 0 15 0 0 0 0 0 0
Arginine 0 0 12.5 0 0 0 0 0
Betaine 0 0 0 5 0 0 0 0
Glutamic acid 0 0 0 0 10 0 0 0
Glycine 0 0 0 0 0 10 0 0
Hydroxyproline 0 0 0 0 0 0 10 0
Lysine 0 0 0 0 0 0 0 15
Total 1000 1000 1000 1000 1000 1000 1000 1000
Proximate composition of the diet (on a % dry matter basis)

Dry matter 91.65 91.76 91.46 91.1 91.76 91.59 91.65 91.34
Crude protein 29.78 30.83 30.58 30.1 30.17 30.01 29.9 29.47
Ether extract 7.23 7.19 7.09 7.01 7.34 7.21 7.34 7.11
Crude fibre 7.81 7.89 7.76 7.65 7.69 7.72 7.98 7.72
Nitrogen free extract 47.47 46.61 47.42 47.66 47.32 47.82 47.4 48.56
Total ash 7.71 7.48 7.15 7.58 7.48 7.24 7.38 7.14
Digestible energy 374.07 374.47  375.81 374.13 376.02  376.21 375.26  376.11

Treatments- C, 0% amino acid; T1, 1.5% Alanine; T2, 1.25% Arginine; T3, 0.5% betaine; T4, 1% glutamic acid; T5, 1% Gly-

cine; T6, 1% Hydroxyproline; T7,1.5% Lysine

2Composition of the Vitamin-mineral mixture (quantity/kg): Vitamin A, 7,00,000 IU; Vitamin D3,70,000 IU; Vitamin E, 250
mg; Co, 150 mg; Cu, 1200 mg; |, 1500 mg; Mg, 6000 mg; K, 100 mg; Na, 5.9 mg; Mn, 1500 mg; S, 0.72%; Zn, 9600 mg; DL-

Methionine, 1000 mg; Ca, 25.5%; P, 12.75%

2.8 Feed cost analysis

Feed cost analysis was used to summarise the economic
value of adding amino acids in the diet of L. catla. The
cost of experimental feed was calculated from the ingre-
dient and amino acid prices based on their inclusion level.
Finally, FCR was used to estimate the cost of feed in-
volved in producing one kg of fish (Agbayani 2002).
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Feed cost (Rs / kg) fish = FCR x Estimated cost (Rs /
kg) feed [100 Rs = 1.06 USD]

2.9 Data analysis

For the analysis of the data, ANOVA (one-way analysis of
variance) in SPSS 25.0 for Windows was used. To test the
significant differences between the mean values of differ-
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ent treatment groups, Duncan’s multiple range test was
used at a probability level of 5% (p < 0.05). The obtained
data were expressed as W t SE, where p is the mean and
SE is standard error.

3 | RESULTS

3.1 Whole body composition of Labeo catla

No significant differences were observed in the carcass
composition of L. catla among the nutrients, with crude
protein level as an exception. Among the treatments,
significant variation was demonstrated by crude protein
levels (p < 0.05). Increased crude protein percentage in
the body of L. catla was observed in Hyp, Ala and Arg-
supplemented groups (p < 0.001), as shown in Table 3.

3.2 Feeding response, growth performance and nutrient
utilisation
The significantly higher feeding response was observed

TABLE 3 The whole-body proximate composition of Labeo
sis) reared for 60 days (n = 3).
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upon supplementation of amino acids in the diet when
compared to the control diet. A significant increase in
intake was observed in Hyp, Glu, Ala and Bet groups (p <
0.05). The Arg group also showed improved intake when
compared to the control. The moderate increase was also
observed in the Gly and Lys groups (Figure 1).

The effect of amino acids on growth and nutrient
utilisation of L. catla during the experimental period is
displayed in Table 4. In the Hyp group, a higher percent-
age in weight gain was observed, followed by the Arg and
Ala groups. The control group, which received no addi-
tional amino acids, exhibited the lowest weight gain. A
comparable pattern was observed in the case of SGR and
PER. The group fed with hydroxyproline (Hyp) showed
significantly the lowest FCR in comparison with other
treatments (p < 0.05). Arg group also exhibited signifi-
cantly lower FCR in comparison to the control group (p <
0.05).

catla of different experimental groups (on a % wet weight ba-

Treatments® Moisture cp’ T TA* TC
Control 74.28+0.31 14.99°+0.12 3.88+0.05 3.41+0.13 3.44+0.33
Ala 73.3810.26 16.23%+0.15 4.07+0.04 3.52+0.15 2.80+0.27
Arg 73.4610.19 16.129+0.11 4.06+0.12 3.3740.14 2.92+0.16
Bet 74.03+0.32 15.78"+0.10 3.95+0.04 3.52+0.13 2.71+0.14
Glu 74.16£0.29 15.62°+0.10 3.89+0.05 3.3810.13 2.95+0.13
Gly 74.16+0.21 15.74°°40.19 3.91+0.10 3.52+0.15 2.68+0.39
Hyp 73.8310.23 16.08°+0.11 3.92+0.05 3.6310.14 2.54+0.31
Lys 74.0240.31 15.38°+0.12 3.89+0.15 3.4310.13 3.35+0.28
p-value 0.233 <0.001 0.623 0.871 0.264

1Control, without any supplementation of amino acids in the diet; Ala, supplementation of 1.5% alanine; Arg, supplemen-
tation of 1.25% arginine; Bet, supplementation of 0.5% betaine; Glu, supplementation of 1% glutamic acid; Gly, supple-
mentation of 1% glycine; Hyp, supplementation of 1% hydroxyproline; Lys, supplementation of 1.5% lysine. 2CP, Crude
protein; *TL, Total lipid; *TA, Total ash; *Total carbohydrate. Data are expressed as mean + S.E

TABLE 4 Growth parameters and nutrient utilization of L. catla supplemented with dietary L-amino acids (n = 3).

2

3

7'}

Treatments WG'(%) SGR FCR PER
Control 113.06°+2.77 1.26°+0.02 2.13°+0.05 1.57°+0.04
Ala 163.55°42.01 1.62°+0.01 1.47°°+0.02 2.27°40.03
Arg 171.0942.24 1.66°+0.01 1.40%°+0.02 2.38°+0.03
Bet 151.85°+4.76 1.54°+0.03 1.58°°+0.05 2.11°+0.07
Glu 141.20°+3.19 1.47°°40.02 1.70°¢0.04 1.96°+0.04
Gly 120.54°+6.67 1.32°+0.05 2.00°+0.11 1.67°+0.09
Hyp 174.77°+0.89 1.68°+0.01 1.37°+0.01 2.43°40.01
Lys 112.60°+4.11 1.26°+0.03 2.14°+0.08 1.56°+0.06
p-value <0.001 <0.001 <0.001 <0.001

1WG%, Weight gain percentage; ZSGR, Specific growth rate (%/day); 3'FCR, Feed conversion ratio; 4PER, Protein efficiency
ratio. Data are expressed as mean £ S.E.
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FIGURE 1 Feed consumption
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3.3 Digestive enzyme activities

Figure 2, 3 and 4 illustrate the impact of different amino
acid supplementation on the digestive enzyme activities
of L. catla. The results showed comparable (p < 0.05) var-
iations in enzyme activities due to amino acid supplemen-
tation. The protein-digesting enzyme activity, viz., prote-
ase in the intestine of fish, was higher in the amino acid-
supplemented groups. The highest amylase and lipase

1.80 .

1.60 —I— b

1.40 -}

1.20 a a {_
Loo | R =

0.80
0.60

activities were noticed in the Ala group. The highest pro-
tease activity was reflected in the Arg group, which had
been supplemented with 1.25% arginine. The control
group exhibited the lowest protease and lipase activities,
while the Lys group (1.5% lysine supplemented) demon-
strated the lowest amylase activity. These results show
the influence (p < 0.05) of amino acids on the enzymatic
activities in L. catla.

FIGURE 2 Amylase activity in
Labeo catla fed with different
{— experimental diets for 60 days.
Bars with different superscripts
on the top differ significantly (p
< 0.05). Data are expressed as

pmoles of maltose released/mg protein/ml

0.40 mean * S.E, n = 6 (One-way

0.20 ANOVA).

0.00

C Ala Arg Bet Glu Gly Hyp Lys
TREATMENTS
g 045
£ 040 T
=5
en 0.35 {_ A
g b b FIGURE 3 Protease activity in
z 030 T + b b Labeo catla fed with different
E 0.25 ; = Ea b experimental diets for 60 days.
g 020 Bars with different superscripts
S 0.15 on the top differ significantly (p
= ’ < 0.05). Data are expressed as
_é 0.10 mean * S.E, n = 6 (One-way
§ 0.05 ANOVA).
0.00 .
L Ala Arg Bet Glu Gly Hyp Lys
TREATMENTS
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3.4 Metabolic enzyme activities
3.4.1 Protein metabolic enzymes: The data presented in
Table 5 show the remarkable variation (p < 0.05) in the
activity of AST in the liver of L. catla. The minimal activity
was found in the control group. The supplementation
with betaine (Bet) and Hydroxyproline (Hyp) significantly
increased the activity of AST (p < 0.05). Arg, Glu, Gly and
Lys groups showed elevated (p < 0.05) AST activity.
Whereas the Ala group showed a moderate increase.
Among the different experimental groups, a signifi-
cant variation was shown in the activity of ALT (p < 0.05).
The control group recorded the lowest activity. AA sup-
plemented groups showed a significant (p < 0.05) in-
crease. In comparison to all the treatments, the Hyp
group exhibited the highest activity, and in the groups of
Arg, Bet and Glu a moderate increase was observed. Ala,
Gly and Lys groups also showed elevated (p < 0.05) ALT

activity.

3.4.2 Carbohydrate metabolic enzymes: The activity of
LDH upon inclusion of different amino acids in the diet of
L. catla is shown in Table 5. In the control group, the
highest (p < 0.05) activity was recorded. Glu, Gly, and Lys
groups showed similar activity as the control group. Sup-
plementation with alanine (Ala) and betaine (Bet) signifi-
cantly (p < 0.05) reduced the activity of LDH. Moderate
decrease in the activity was found in Arg and Hyp groups
(p <0.05).

Hepatic MDH activity of L. catla is presented in Table
5. Higher activity of MDH was noticed in the control
group. Ala and Hyp groups exhibited similar activity to
that of control. Gly, Arg, Bet, Glu and Lys groups showed
significantly (p < 0.05) decreased MDH activity.

TABLE 5 Metabolic enzyme activities in the liver of Labeo catla supplemented with dietary L-amino acids.

Treatments® AST' ALT LDH? MDH* G6PDH’
Control 7.56°+0.20 6.89°+0.57 11.20¢0.2 0.66°+0.03 0.11°+0.006
Ala 11.92°+1.53 12.51%°40.51 9.37°+0.37 0.70°4+0.03 0.26°+0.027
Arg 13.33"+1.16 14.38°+0.23 9.90°°+0.05 0.53°+0.03 0.19°+0.015
Bet 14.92°4+0.57 15.06°+0.21 9.53%+0.17 0.48°+0.03 0.12°+0.002
Glu 12.78°°+0.92 14.34%+1.17 11.25°40.46 0.48°+0.03 0.11°+0.009
Gly 13.12°°40.42 13.13°°40.55 11.45°40.11 0.35°+0.01 0.17°+0.016
Hyp 14.83°40.63 16.23%+1.55 10.59+0.45 0.69°0.01 0.17°+0.003
Lys 14.20°°+0.43 10.90°+0.09 10.88°+0.08 0.46°+0.02 0.13°+0.003
p-value <0.001 <0.001 <0.001 <0.001 <0.001

Data are expressed as mean + S.E, n = 6 (One-way ANOVA); mean values in the same column with different superscripts
differ significantly (p < 0.05). 'AST, Aspartate aminotransferase activity expressed in nanomoles of oxaloacetate re-
leased/min/mg protein; ZALT, Alanine aminotransferase activity expressed in nanomoles of sodium pyruvate released
/min/mg protein; 3LDH, Lactate dehydrogenase activity expressed in Units/mg protein/min; 4MDH, Malate dehydrogen-
ase activity expressed in Units/mg protein/min; SG6PDH, Glucose-6-phosphate dehydrogenase activity expressed in
units/min/mg protein at 37°C.
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3.4.3 Lipogenic enzyme activity: G6PDH activity in the
liver of L. catla exhibited significant (p < 0.05) differences
across treatments. The group without amino acid sup-
plementation had the lowest (p < 0.05) activity. Supple-
mentation with alanine (Ala) increased (p < 0.05) G6PDH
activity. Addition of Arginine (Arg) showed a significant
increase. Betaine (Bet) supplementation also showed in-
creased activity (p < 0.05). Glutamine (Glu) supplementa-
tion showed a moderate increase. Supplementation with
glycine (Gly) did not show any significant variation. Hy-
droxyproline (Hyp) supplementation showed a slight de-
crease in activity. Lysine (Lys) supplementation signifi-
cantly (p < 0.05) increased G6PDH activity.

3.5 Antioxidant enzymes

The SOD activity in the hepatic tissue sample of L. catla of
different treatments is shown in Figure 5 and 6. The activ-
ity of the SOD enzyme was augmented (p < 0.05) in amino
acid-supplemented groups, with the elevated activity ob-
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served in Ala and Arg groups. The lowest (p < 0.05) SOD
activity was observed in the control group.

A statistical variation and increased activity in amino
acid-added groups was observed in the catalase enzyme
activity in comparison with other treatments and the con-
trol group (p < 0.05). Among all the groups, the Ala group
showed the highest activity, followed by the Arg group
and Hyp group. Reduced catalase activity was observed in
non-amino acids supplemented group (p < 0.05).

3.6. Feed cost analysis

The economic evaluation of experimental diets for L. catla
is presented in Table 6. The feed cost required to produce
1 kg of fish was lower in most amino acid supplemented
groups than in the control group. The lysine fed group is
an exception. Among the supplemented diets, Ala, Arg,
Hyp and Bet showed the lowest feed cost per kilogram of
fish produced.

120.00 d o d d d
e - c
. N be i
£ .8 100.00 — b
B E a —
53 c000 | N FIGURE 5 SOD activity in the
B 2 liver of Labeo catla fed with
2 G different experimental diets for
£ % ' 60 days. Bars with different
5 2 superscripts on the top differ
28 40.00 S
=R significantly (p < 0.05). Data are
= g expressed asmean+S.E,n=6
& 2000 (One-way ANOVA)
0.00
C Ala Arg Bet Glu Gly Hyp Lys
TREATMENTS
30.00
; 5 .
(7]
2 25.00 b — be
g b L o ad
S 2 2000 a — FIGURE 6 Catalase activity in the
S8 P liver of Labeo catla fed with
8 ; 15.00 different experimental diets for
= . . .
T = 60 days. Bars with different
8°g 10.00 superscripts on the top differ
g significantly (p < 0.05). Data are
Q
5 5.00 expressed asmean+S.E,n=6
(One-way ANOVA)
0.00
C Ala Arg Bet Glu Gly Hyp Lys

TREATMENTS
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TABLE 6 Economic analysis of experimental diets.

L-amino acid supplementation boosts growth in Labeo catla

Prashanth et al.

Feeds Base formula cost Cost of addi- Added cost Estimated cost FCR Feed cost (Rs/
(Rs/Kg) feed tive (Rs/Kg) (Rs/Kg) Feed  (Rs/Kg) Feed Kg) Fish

Control 49.25 0 0 49.25 2.13 104.9025

Ala 49.25 300 4.5 53.75 1.47 79.0125

Arg 49.25 610 7.625 56.875 1.4 79.625

Bet 49.25 400 2 51.25 1.58 80.975

Glu 49.25 215 2.15 514 1.7 87.38

Gly 49.25 175 1.75 51 2 102

Hyp 49.25 950 9.5 58.75 1.37 80.4875

Lys 49.25 140 2.1 51.35 2.14 109.889

100 Rs = 1.06 USD.

4 | DISCUSSION

Feeding stimulants and attractants can play an important
role in reducing the environmental impact caused by un-
eaten feed. At the same time, feeding stimulants can im-
prove the growth performance of the animal through
improvement of the palatability of the feed (Papatryphon
and Soares 2000). In the present experiment, the amino
acid supplementation resulted in both enhancement of
feeding and growth as per the above hypothesis.

4.1 Feeding response, growth performance and nutrient
utilisation

The supplementation of amino acids in the diet of L. catla
improved the feeding response and growth performance
of the fish. A similar effect was observed by Li et al.
(2022) upon addition of amino acids as attractant in the
diet of Cyprinus carpio var. Further, an improvement in
the growth of salmon due to increased feed intake was
observed when the diet was supplemented with AA (Kou-
soulaki et al. 2013). However, different amino acid sup-
plementation had varying effects on feeding. The highest
effect was observed in Hyp, Glu, Ala and Bet groups (p <
0.05). A similar result was observed with hydroxyproline
supplemented to Larimichthys crocea (Wei et al. 2016),
glutamic acid to Micropterus salmoides (Jiang et al. 2024),
betaine to grouper (Lim et al. 2016) and alanine along
with other amino acids to C. carpio var (Li et al. 2022).
Increased feeding could make more nutrients available
for fish and can promote fish growth.

It was observed that growth performance was gen-
erally enhanced due to dietary amino acids. However,
different amino acids had varying growth performances,
as observed in the present study. The hydroxyproline-
supplemented group had better growth, followed by ar-
ginine, alanine and betaine. Similarly, when hydroxypro-
line was supplemented in the diet of Siniperca chuatsi,
Carassius auratus, and Nibea coibor, an improvement in
growth performance and nutrient utilisation was ob-
served (Rong et al. 2020; Cao et al. 2022; Feng et al.
2022). The improved growth was also observed with the
supplementation of arginine in Oncorhynchus mykiss,
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betaine in Labeo rohita, alanine in O. mykiss, glutamic
acid in Pagrus major and glycine in C. carpio (Ozyurt and
Polak 2001; Dar et al. 2019; Tola et al. 2019; Wang et al.
2022; Abbasi 2023). Hence, it can be interpreted that
amino acids serve a dual role as both feeding stimulants
and nutrients in L. catla, thereby enhancing growth per-
formance.

4.2 Whole body composition of L. catla

The chemical composition of L. catla of different treat-
ments did not show any variation (p > 0.05) except for the
protein content (p < 0.05). However, a similar result to
the present research has been observed by Li et al.
(2022). Li et al. (2022) observed a significant change in
the crude protein content of the whole fish body by the
addition of complex amino acids 1.6% (alanine, arginine
and glycine). In C. carpio, an improved protein synthesis
efficiency was observed when the feed was supplement-
ed with a coating of lysine (de la Higuera et al. 1998). The
increased crude protein level was observed mainly in ala-
nine, arginine and hydroxyproline-supplemented diets.
Similarly, in a previous study, Rong et al. (2020) revealed
that the crude protein content of the whole body was
increased with dietary hydroxyproline, while other pa-
rameters remained unaffected. The improvement in
crude protein with supplementation of dietary arginine in
0. mykiss (Wang et al. 2022) and betaine in Carassius
auratus gibelio (Dong et al. 2018) coincides with the pre-
sent study.

4.3 Digestive enzyme activities

The key enzymes of digestion, like amylase, protease and
lipase, are good parameters to understand the digestive
capacity in fish (Gisbert et al. 2009). The result showed a
swift increase in digestive enzyme activity of L. catla
when fed with an amino acid-supplemented experimental
diet. The improved activities of these enzymes provide a
valid explanation for the better growth performance of
the experimental fish. Similarly, according to Dar et al.
(2019), elevated amylase and protease activities were
observed in L. rohita when supplemented with betaine.
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Similarly, Wang et al. (2022) reported significant im-
provement in amylase and lipase activity in O. mykiss
when supplemented with arginine in the diet.

4.4 Metabolic enzyme activities

The aspartate and alanine aminotransferases play a signif-
icant role in the interconversion of amino acids, and they
indicate either gluconeogenesis activation or body pro-
tein synthesis (Knox and Greengard 1965; De Silva and
Anderson 1994). Enhanced aminotransferase activities
can indicate both the breakdown of amino acids for ful-
filling energy requirements or the anabolic synthesis of
non-essential amino acids, depending upon the availabil-
ity of non-protein energy sources (Chuphal et al. 2024). In
the present study, both ALT and AST were studied in the
muscle and liver. An increase in the aminotransferase
activity was observed with the amino acid supplementa-
tion in the diets. Parallel results were observed when ly-
sine and betaine were supplemented in L. rohita (Dar et
al. 2019). This study explains the improvement in dietary
protein utilisation, as well as improved protein synthesis
and hence growth.

Lactate dehydrogenase is an NADH-dependent en-
zyme and is responsible for the reduction of pyruvate to
lactate and back. It can act as an indicator of anaerobic
respiration (Murrey et al. 2000). The increase in LDH ac-
tivity may be due to the production of substrate (Lactate)
required for gluconeogenesis (Chatterjee et al. 2006). In
the following experiment, with the addition of some of
the AAs, a reduction in LDH activity was observed, where-
as some AAs showed parallel activities with the control.
This may be due to active feeding and the reduction of
stress in the animal. Malate dehydrogenase (MDH) con-
verts malate to oxaloacetate in the TCA cycle, and its ac-
tivity is elevated during glycogenesis from amino acids
(Dey 1984). MDH activity of some amino acid-
supplemented groups is in parallel with the control group,
whereas certain groups showed reduced activity. Similar
results were observed in LDH and MDH activities upon
supplementation of betaine in L. rohita (Kumar et al.
2012). There isn't much research on how LDH and MDH
behave when amino acids are added as feeding stimu-
lants.

G6PDH is considered to be the essential enzyme in
the pentose phosphate pathway (PPP). This pathway
helps in producing NADPH. Then NADPH helps in the syn-
thesis of FA and further in converting GSSG (glutathione
disulfide) to GSH (glutathione) in GPx (glutathione peroxi-
dase) through GPx (glutathione peroxidase) activity
(Lehninger 2002). Thus, it is depicted as a lipogenic en-
zyme. Here in this study, the G6PDH significantly in-
creased with the dietary supplementation of amino acids
in the diet of L. catla. This result may be attributed to the
role of these additives in fatty acid synthesis (Liang et al.
2017; Liao et al. 2024) or their potential involvement in
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the induction of lipogenesis-related hormones.

4.5 Antioxidant enzymes
The antioxidant enzymes have a direct correlation with
the health status of fish (Zhou et al. 2014). One of the
main enzymes in a biological system's defense mecha-
nism against lipid peroxidation is SOD, which transforms
active oxygen molecules into non-toxic substances (Zim-
mermann et al. 1973). Superoxide dismutase and catalase
are present in fish and are responsible for scavenging
reactive oxygen free radicals (Pastor et al. 1988). The
study indicated increased SOD (superoxide dismutase)
activity and CAT (catalase) activity in the liver, with amino
acid supplementation in the diet. A parallel study on O.
mykiss also observed increased antioxidant properties
when the diet included arginine supplementation (Wang
etal. 2022).

Further, Li et al. (2022) observed improved SOD and
CAT activity when using an AA mixture as an attractant.
Hu et al. (2010) also reported that addition of glycine in
the diet of Litopenaeus vannamei can significantly im-
prove the antioxidant enzyme activities. The increased
growth along with enhanced SOD and CAT activity is ob-
served in the present study; hence, amino acid addition
improved the antioxidant capacity of fish along with op-
timum growth in the fish.

4.6 Feed cost analysis

Feed cost is the highest operational expense in aquacul-
ture and hence it determines the economic feasibility of
dietary interventions (Mohamad et al. 2026). In the pre-
sent study, the lower feed cost required to produce 1
kilogram of fish in most amino acid supplemented groups
indicates improved feed utilization efficiency (Stone et al.
2024). The economic evaluation was based on FCR, indi-
cating diets with lower FCR required less feed to produce
same quantity of fish, thereby reducing the production
cost (Onomu and Okuthe 2024). Among the dietary
treatments, supplementation with alanine, arginine, hy-
droxyproline and betaine showed the lowest feed cost
per kilogram of fish produced. Overall, the analysis clearly
demonstrates the superior cost-effectiveness of produc-
tion with stimulants. However, the additional economic
benefit in the field may arise from reduced costs associ-
ated with water quality maintenance.

5 | CONCLUSIONS

The rising demand for aquaculture products has made it
vital to boost fish production by utilizing intensive culture
technologies and enhancing fish development by using
higher quality diets. The present research evaluated the
stimulative effect of selected amino acids and their deriv-
atives on the performance of L. catla. The results of
growth parameters, digestive, metabolic and antioxidant
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enzyme activities have proved the stimulative effect of
selected amino acids and their derivatives. From the
study, it can be observed that supplementation of amino
acids improves feeding response and growth perfor-
mance in L. catla. The best effect was observed with hy-
droxyproline (1%), arginine (1.25%) and alanine (1.5%)
supplementation in feed. It is a beneficial study because
studies on individual amino acids as attractants on carp
are very scarce. However, the assessment of the combi-
nation of these compounds and their impact has to be
explored. Similarly, this study can be done over a long
time in a large water body where feed detection is a ma-
jor problem. The findings from this study on the attrac-
tion and stimulation of feed intake in L. catla suggest that
similar experiments could be conducted with different
compounds with similar properties and extended to other
carp species as well.

ACKNOWLEDGEMENTS
The authors of this study acknowledge the Director, ICAR-
CIFE, Mumbai, for the support in conducting the research.

ETHICAL APPROVAL

All applicable international, national and/or institutional
guidelines for the care and use of animals were followed
in this study.

CONFLICT OF INTEREST

The authors affirm that they have no known financial or
interpersonal conflicts that would have seemed to have
an impact on the research presented in this study.

AUTHORS' CONTRIBUTION

B.R. Prashanth: Data curation, Investigation, Software,
Writing — original draft; Md Aklakur: Conceptualization,
Supervision, Writing — review & editing; Tincy Varghese:
Writing — review & editing, Formal analysis; Manish
Jayant: Supervision, Investigation, Writing-review & edit-
ing; G.H. Pailan Writing — review & editing; Ashutosh D.
Deo: Writing — review & editing; Udipta Roy: Formal anal-
ysis, Writing — review & editing; Chundru Sri Sai Venkat:
Formal analysis, Writing — review & editing.

AI-USE STATEMENT
The authors did not use any Al to generate, analyse or
interpret data in the following study.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able on a reasonable request from the corresponding
author.

REFERENCES
Abbasi M, Mirghaed AT, Hoseini SM, Rajabiesterabadi H,

Journal of Fisheries

Page 11 of 13

L-amino acid supplementation boosts growth in Labeo catla
Prashanth et al.

Hoseinifar SH, Doan HV (2023) Effects of dietary gly-
cine supplementation on growth performance, im-
munological, and erythrocyte antioxidant parame-
ters in common carp, Cyprinus carpio. Animals 13(3):
412.

Adams MA, Johnsen PB (1986) Chemical control of feed-
ing in herbivorous and carnivorous fish. In: Duvall D,
Muller- Schwarz D, Silverstein R (Eds) Chemical Sig-
nals in Vertebrates ZV, New York: Plenum Publish-
ing. pp. 45-61.

Agbayani RF (2002) Economics of feeding. In: Millamena
OM, Coloso RM, Pascual FP (Eds) Nutrition in tropi-
cal aquaculture: essentials of fish nutrition, feeds,
and feeding of tropical aquatic species (pp. 209-
221). Aquaculture Department, Southeast Asian
Fisheries Development Center, Tigbauan, lloilo, Phil-
ippines.

Alemayehu TA, Geremew A, Getahun A (2018) The role of
functional feed additives in tilapia nutrition. Fisher-
ies and Aquaculture Journal 9(2): 249.

AOAC (2005) Official methods of analysis, 16th edition,
Association of Official Analytical Chemists, Arlington.
pp. 806—842.

APHA (2005) Standard methods for examination of water
and wastewater, 21st edition. American Public
Health Association, Washington, D.C.

Cao S, Xiao Y, Huang R, Zhao D, Xu W, ... Liu Z (2022) Die-
tary supplementation with hydroxyproline enhances
growth performance, collagen synthesis and muscle
quality of Carassius auratus triploid. Frontiers in
Physiology 13: 913800.

Carr WES, Netherton Il JC, Gleeson RA, Derby CD (1996)
Stimulants of feeding behavior in fish: analyses of
tissues of diverse marine organisms. The Biological
Bulletin 190(2): 149-160.

Chatterjee N, Pal AK, Das T, Manush SM, Sarma K, ..
Mukherjee SC (2006) Secondary stress response in
Indian major carps Labeo rohita (Hamilton), Catla
catla (Hamilton) and Cirrhinus mrigala (Hamilton) fry
to increasing packing densities. Aquaculture Re-
search 37(5): 472—-476.

Cherry IS, Crandall Jr LA (1932) The specificity of pancre-
atic lipase: its appearance in the blood after pancre-
atic injury. American Journal of Physiology Legacy
Content 100(2): 266-273.

Chuphal N, Sardar P, Sahu NP, Shamna N, Krishnan S, ...
Phulia V (2024) Optimal level of dietary arginine en-
hances growth performance, haemato-biochemical
status, metabolic responses and growth-related
gene expression of GIFT juveniles reared in inland
saline water. Aquaculture 592: 741219.

Craig SR, Helfrich LA, Kuhn D, Schwarz MH (2017) Under-
standing fish nutrition, feeds, and feeding. Publica-
tion 420-256: 1-6.

Dar SA, Srivastava PP, Varghese T, Gupta S, Krishna G, ...

Volume 15 | Issue 1 | Article 151210


https://doi.org/10.3390/ani13030412
https://doi.org/10.3390/ani13030412
https://doi.org/10.3390/ani13030412
https://doi.org/10.3390/ani13030412
https://doi.org/10.4172/2150-3508.1000249
https://doi.org/10.4172/2150-3508.1000249
https://doi.org/10.3389/fphys.2022.913800
https://doi.org/10.3389/fphys.2022.913800
https://doi.org/10.3389/fphys.2022.913800
https://doi.org/10.3389/fphys.2022.913800
https://doi.org/10.2307/1542535
https://doi.org/10.2307/1542535
https://doi.org/10.1152/ajplegacy.1932.100.2.266
https://doi.org/10.1152/ajplegacy.1932.100.2.266
https://doi.org/10.1152/ajplegacy.1932.100.2.266
https://doi.org/10.1016/j.aquaculture.2024.741219
https://doi.org/10.1016/j.aquaculture.2024.741219
https://doi.org/10.1016/j.aquaculture.2024.741219
https://doi.org/10.1016/j.aquaculture.2024.741219
https://doi.org/10.1016/j.aquaculture.2024.741219

Leya T (2019) Expression of growth and hunger re-
lated genes and physio-biochemical responses in
Labeo rohita (Hamilton, 1822) fed with lysine and
betaine. Cellular Physiology and Biochemistry 53(5):
851-864.

de la Higuera M, Garzon A, Hidalgo MC, Peragdn J,
Cardenete G, Lupiafiez JA (1998) Influence of tem-
perature and dietary-protein supplementation ei-
ther with free or coated lysine on the fractional pro-
tein-turnover rates in the white muscle of carp. Fish
Physiology and Biochemistry 18(1): 85-95.

De Silva SS, Anderson TA (1994) Fish nutrition in aquacul-
ture. Chapman and Hall, London. 319 pp.

Dey AC (1984) Distribution of malate dehydrogenase in
different tissues of rainbow trout (Salmo gairdneri)
of different ages. Comparative Biochemistry and
Physiology Part B: Comparative Biochemistry 77(4):
675-678.

Dong X, Xue W, Hua J, Hang Y, Sun L, ... Du X (2018) Ef-
fects of dietary betaine in allogynogenetic gibel carp
(Carassius auratus gibelio): enhanced growth, re-
duced lipid deposition and depressed lipogenic gene
expression. Aquaculture Research 49(5): 1967-1972.

Drapeau GR (1976) Protease from Staphyloccus aureus.
Methods in Enzymology 45: 469-475.

FAO (2022) The state of world fisheries and aquaculture —
towards blue transformation. Rome.

FAO (2024) The state of world fisheries and aquaculture
2024 - blue transformation in action. Rome.

Feng H, Peng D, Liang XF, Chai F, Tang S, Li J (2022) Effect
of dietary hydroxyproline supplementation on Chi-
nese perch (Siniperca chuatsi) fed with fish meal
partially replaced by fermented soybean meal. Ag-
uaculture 547(7): 737454.

Gisbert E, Giménez G, Fernandez |, Kotzamanis Y, Estévez
A (2009) Development of digestive enzymes in
common dentex Dentex dentex during early ontoge-
ny. Aquaculture 287(3—4): 381-387.

Hancz C (2020) Feed efficiency, nutrient sensing and feed-
ing stimulation in aquaculture: a review. Acta Agrar-
ia Kaposvariensis 24(1): 35-54.

Handbook on fisheries statistics (2023) Department of
Fisheries, Ministry of Fisheries, Animal Husbandry &
Dairying Government of India, New Delhi. 21 pp.

Hu J, Cao J, Huang Y, Zhu X, Li G, ... Lin J (2010) Effects of
several food attractants on growth, serum biochem-
ical indexes and liver-pancreas digestive enzymes of
Penaeus vannamei. Freshwater Fisheries 40(2): 30—
35.

Jiang F, Huang W, Zhou M, Gao H, Lu X, ... Huang Y (2024)
Effects of dietary L-glutamic acid on the growth per-
formance, gene expression associated with muscle
growth-related gene expression, and intestinal
health of juvenile largemouth bass (Micropterus
salmoides). Fishes 9(8): 312.

Journal of Fisheries

Page 12 of 13

L-amino acid supplementation boosts growth in Labeo catla
Prashanth et al.

Jiang J, Shi D, Zhou XQ, Feng L, Liu Y, ... Zhao Y (2016) Ef-
fects of lysine and methionine supplementation on
growth, body composition and digestive function of
grass carp (Ctenopharyngodon idella) fed plant pro-
tein diets using high-level canola meal. Aquaculture
Nutrition 22(5): 1126-1133.

Knox WE, Greengard O (1965) The regulation of some
enzymes of nitrogen metabolism—an introduction
to enzyme physiology. Advances in Enzyme Regula-
tion 3: 247-313.

Kousoulaki K, Rgnnestad I, Olsen HJ, Rathore R, Campbell
P, ... Albrektsen S (2013) Krill hydrolysate free amino
acids responsible for feed intake stimulation in At-
lantic salmon (Salmo salar). Aquaculture Nutrition
19: 47-61.

Kumar N, Jadhao SB, Jha AK, Kumar K, Chandan NK, ...
Rana RS (2012) Methyl donors potentiates growth,
metabolic status and neurotransmitter enzyme in
Labeo rohita fingerlings exposed to endosulfan and
temperature. Fish Physiology and Biochemistry
38(5): 1343-1353.

Lehninger AL (2002) Lehninger principios de bioquimica.
Sarvier. INC New York. 489 pp.

Li D, Wang Z, Wu S, Miao Z, Du L, Duan Y (2020) Automat-
ic recognition methods of fish feeding behavior in
aquaculture: a review. Aquaculture 528(3): 735508.

Li P, Mai K, Trushenski J, Wu G (2009) New developments
in fish amino acid nutrition: towards functional and
environmentally oriented aquafeeds. Amino Acids
37(1): 43-53.

Li X, Fang T, Wang J, Wang Z, Guan D, ... Zhou J (2022) The
efficiency of adding amino acid mixtures to a diet
free of fishmeal and soybean meal as an attractant
in yellow river carp (Cyprinus carpio var.). Aquacul-
ture Reports 24: 101189.

Liang H, Habte-Tsion HM, Ge X, Ren M, Xie J, ... Pan W
(2017) Dietary arginine affects the insulin signaling
pathway, glucose metabolism and lipogenesis in ju-
venile blunt snout bream Megalobrama amblyceph-
ala. Scientific Reports 7(1): 7864.

Liao Y, Chen Q, Liu L, Huang H, Sun J, ... Zhang Y (2024)
Amino acid is a major carbon source for hepatic li-
pogenesis. Cell Metabolism 36(11): 2437-2448.

Lim LS, Chor WK, Tuzan AD, Shapawi R, Kawamura G
(2016) Betaine is a feed enhancer for juvenile
grouper (Epinephelus fuscoguttatus) as determined
behaviourally. Journal of Applied Animal Research
44(1): 415-418.

Lohr GW, Waller HD (1965) Glucose-6-phosphate Dehy-
drogenase: (Zwischenferment). In: HV Bergmeyer
(Eds) Methods of enzymatic analysis. Academic
Press. pp. 744-751.

Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ (1951)
Protein measurement with the Folin phenol reagent.
Journal of Biological Chemistry 193: 265-275.

Volume 15 | Issue 1 | Article 151210


https://doi.org/10.33594/000000177
https://doi.org/10.33594/000000177
https://doi.org/10.33594/000000177
https://doi.org/10.33594/000000177
https://doi.org/10.1023/A:1007723219594
https://doi.org/10.1023/A:1007723219594
https://doi.org/10.1023/A:1007723219594
https://doi.org/10.1023/A:1007723219594
https://doi.org/10.1016/0305-0491(84)90296-7
https://doi.org/10.1016/0305-0491(84)90296-7
https://doi.org/10.1016/0305-0491(84)90296-7
https://doi.org/10.1111/are.13652
https://doi.org/10.1111/are.13652
https://doi.org/10.1111/are.13652
https://doi.org/10.1111/are.13652
https://doi.org/10.1111/are.13652
https://doi.org/10.1016/s0076-6879(76)45041-3
https://doi.org/10.4060/cc0461en
https://doi.org/10.4060/cc0461en
https://doi.org/10.4060/cd0683en
https://doi.org/10.4060/cd0683en
https://doi.org/10.1016/j.aquaculture.2021.737454
https://doi.org/10.1016/j.aquaculture.2021.737454
https://doi.org/10.1016/j.aquaculture.2021.737454
https://doi.org/10.1016/j.aquaculture.2021.737454
https://doi.org/10.1016/j.aquaculture.2008.10.039
https://doi.org/10.1016/j.aquaculture.2008.10.039
https://doi.org/10.1016/j.aquaculture.2008.10.039
https://doi.org/10.31914/aak.2375
https://doi.org/10.31914/aak.2375
https://doi.org/10.3390/fishes9080312
https://doi.org/10.3390/fishes9080312
https://doi.org/10.3390/fishes9080312
https://doi.org/10.3390/fishes9080312
https://doi.org/10.3390/fishes9080312
https://doi.org/10.1111/anu.12339
https://doi.org/10.1111/anu.12339
https://doi.org/10.1111/anu.12339
https://doi.org/10.1111/anu.12339
https://doi.org/10.1111/anu.12339
https://doi.org/10.1016/0065-2571(65)90059-2
https://doi.org/10.1016/0065-2571(65)90059-2
https://doi.org/10.1016/0065-2571(65)90059-2
https://doi.org/10.1111/anu.12094
https://doi.org/10.1111/anu.12094
https://doi.org/10.1111/anu.12094
https://doi.org/10.1007/s10695-012-9622-4
https://doi.org/10.1007/s10695-012-9622-4
https://doi.org/10.1007/s10695-012-9622-4
https://doi.org/10.1007/s10695-012-9622-4
https://doi.org/10.1016/j.aquaculture.2020.735508
https://doi.org/10.1016/j.aquaculture.2020.735508
https://doi.org/10.1016/j.aquaculture.2020.735508
https://doi.org/10.1007/s00726-008-0171-1
https://doi.org/10.1007/s00726-008-0171-1
https://doi.org/10.1007/s00726-008-0171-1
https://doi.org/10.1016/j.aqrep.2022.101189
https://doi.org/10.1016/j.aqrep.2022.101189
https://doi.org/10.1016/j.aqrep.2022.101189
https://doi.org/10.1016/j.aqrep.2022.101189
https://doi.org/10.1038/s41598-017-06104-3
https://doi.org/10.1038/s41598-017-06104-3
https://doi.org/10.1038/s41598-017-06104-3
https://doi.org/10.1038/s41598-017-06104-3
https://doi.org/10.1016/j.cmet.2024.10.001
https://doi.org/10.1016/j.cmet.2024.10.001
https://doi.org/10.1080/09712119.2015.1091329?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1080/09712119.2015.1091329?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1080/09712119.2015.1091329?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle

Misra HP, Fridovich | (1972) The role of superoxide anion
in the autoxidation of epinephrine and a simple as-
say for superoxide dismutase. Journal of Biological
Chemistry 247(10): 3170-3175.

Mohamad A, Md Yasin IS, Zamri AS, Azzam-Sayuti M,
Nazarudin F, ... Wong C (2026) Evaluating the nutri-
tional and economic potential of defatted algae cake
in aquaculture: a review. Animal Nutrition 26: 266—
277.

Murray RK, Granner DK, Mayes PA, Rodwell VW (2000)
Glycogen metabolism (pp. 199-207). In: Harper's Bi-
ochmistry, 25th edition. McGraw-Hill Publishing Co.,
New York.

Ngoc TN, Yaemkong S, Jaipong P, Kotham P, Do Anh M
(2021) Effects of earthworm (Perionyx excavates) in-
clusion to the growth, feed utilization and lipid com-
position of common carp (Cyprinus carpio). Aquacul-
ture, Aquarium, Conservation and Legislation 14(3):
1201-1212.

Nguyen L, Dinh H, Davis DA (2020) Efficacy of reduced
protein diets and the effects of indispensable amino
acid supplements for Nile tilapia Oreochromis nilot-
icus. Animal Feed Science and Technology 268(3):
114593.

Ochoa S (1955) Malic dehydrogenase and ‘malic’ enzyme.
Methods of Enzymology 1: 735-745.

Onomu AJ, Okuthe GE (2024) The role of functional feed
additives in enhancing aquaculture sustainability.
Fishes 9(5): 167.

Ozyurt G, Polat A (2001) Effects of DL-alanine and betaine
supplemented diets on the growth and body com-
position of fingerling rainbow trout (Oncorhynchus
mykiss, W. 1972). Turkish Journal of Veterinary and
Animal Sciences 25(3): 301-307.

Papatryphon E, Soares Jr JH (2000) Identification of feed-
ing stimulants for striped bass, Morone saxatilis. Ag-
uaculture 185(3—4): 339-352.

Pastor A, Medina J, Del Ramo J, Torreblanca A, Diaz-
Mayans J, Hernandez F (1988) Determination of lead
in treated crayfish Procambarus clarkii: accumula-
tion in different tissues. Bulletin of Environmental
Contamination and Toxicology 41: 412—-418.

Pradeepkiran JA (2019) Aquaculture role in global food
security with nutritional value: a review. Transla-
tional Animal Science 3(2): 903-910.

Rick W, Stegbauer HP (1974) a-amylase measurement of
reducing groups (pp. 885-890). In: Bergmeyer HU
(Ed) Methods of enzymatic analysis. Academic Press,
New York.

Rong H, Zhang Y, Hao M, Lin F, Zou W, ... Wen X (2020)
Effect of hydroxyproline supplementation on growth
performance, body composition, amino acid pro-

Journal of Fisheries

Page 13 of 13

L-amino acid supplementation boosts growth in Labeo catla
Prashanth et al.

files, blood-biochemistry and collagen synthesis of
juvenile chu's croaker (Nibea coibor). Aquaculture
Research 51(3): 1264-1275.

Stone NM, Engle CR, Kumar G, Li MH, Hegde S, ... Recsetar
MS (2024) Factors affecting feed conversion ratios in
US commercial catfish production ponds. Journal of
the World Aquaculture Society 55(3): e13053.

Tacon AGJ (1987) The nutrition and feeding of farmed fish
and shrimp - a training manual. FAO, Brasilia, Brazil.

Takahara S, Hamilton HB, Neel JV, Kobara TY, Ogura Y,
Nishimura ET (1960) Hypocatalasemia: a new genet-
ic carrier state. The Journal of Clinical Investigation
39(4): 610-619.

Tola S, Fukada H, Masumoto T (2019) Effects of natural
feeding stimulants and glutamic acid supplementa-
tion on the feed intake, growth performance and di-
gestive enzyme activities of red sea bream (Pagrus
major) fed fish meal-free soy protein concentrate
(SPC)-based diet. Aquaculture Research 50(7): 1912—
1920.

Wang Y, Wang CA, Liu S, Zhang S, Lu S, ... Zhang Y (2022)
Effects of dietary arginine on growth performance,
digestion, absorption ability, antioxidant capability,
gene expression of intestinal protein synthesis, and
inflammation-related genes of triploid juvenile On-
corhynchus mykiss fed a low-fishmeal diet. Aquacul-
ture Nutrition 2022(1): 3793727.

Wei Z, Ma J, Pan X, Mu H, Li J, ... Mai K (2016) Dietary hy-
droxyproline improves the growth and muscle quali-
ty of large yellow croaker Larimichthys crocea. Aq-
uaculture 464: 497-504.

Wooten IDP (1964) Microanalysis. In: Churchill J, Churchill
A (Eds) Medical biochemistry (4th ed., pp 101-107).
London, UK: Academic Press.

Wrdblewski F, Ladue JS (1955) Lactic dehydrogenase ac-
tivity in blood. Proceedings of the Society for Exper-
imental Biology and Medicine 90(1): 210-213.

Zhao Y, Hu Y, Zhou XQ, Zeng XY, Feng L, ... Wu CM (2015)
Effects of dietary glutamate supplementation on
growth performance, digestive enzyme activities
and antioxidant capacity in intestine of grass carp
(Ctenopharyngodon idella). Aquaculture Nutrition
21(6): 935-941.

Zhou C, Ge X, Lin H, Niu J (2014) Effect of dietary carbo-
hydrate on non-specific immune response, hepatic
antioxidative abilities and disease resistance of ju-
venile golden pompano (Trachinotus ovatus). Fish
and Shellfish Immunology 41(2): 183-190.

Zimmermann R, Flohé L, Weser U, Hartmann HJ (1973)
Inhibition of lipid peroxidation in isolated inner
membrane of rat liver mitochondria by superoxide
dismutase. Febs Letters 29(2): 117-120.

Volume 15 | Issue 1 | Article 151210


https://doi.org/10.1016/S0021-9258(19)45228-9
https://doi.org/10.1016/S0021-9258(19)45228-9
https://doi.org/10.1016/S0021-9258(19)45228-9
https://doi.org/10.1016/j.aninu.2025.11.013
https://doi.org/10.1016/j.aninu.2025.11.013
https://doi.org/10.1016/j.aninu.2025.11.013
https://doi.org/10.1016/j.anifeedsci.2020.114593
https://doi.org/10.1016/j.anifeedsci.2020.114593
https://doi.org/10.1016/j.anifeedsci.2020.114593
https://doi.org/10.1016/j.anifeedsci.2020.114593
https://doi.org/10.3390/fishes9050167
https://doi.org/10.3390/fishes9050167
https://doi.org/10.1016/S0044-8486(99)00347-6
https://doi.org/10.1016/S0044-8486(99)00347-6
https://doi.org/10.1007/BF01688887
https://doi.org/10.1007/BF01688887
https://doi.org/10.1007/BF01688887
https://doi.org/10.1093/tas/txz012
https://doi.org/10.1093/tas/txz012
https://doi.org/10.1016/B978-0-12-091302-2.50074-8
https://doi.org/10.1016/B978-0-12-091302-2.50074-8
https://doi.org/10.1111/are.14477
https://doi.org/10.1111/are.14477
https://doi.org/10.1111/are.14477
https://doi.org/10.1111/are.14477
https://doi.org/10.1111/jwas.13053
https://doi.org/10.1111/jwas.13053
https://doi.org/10.1172/jci104075
https://doi.org/10.1172/jci104075
https://doi.org/10.1111/are.14077
https://doi.org/10.1111/are.14077
https://doi.org/10.1111/are.14077
https://doi.org/10.1111/are.14077
https://doi.org/10.1111/are.14077
https://doi.org/10.1111/are.14077
https://doi.org/10.1155/2022/3793727
https://doi.org/10.1155/2022/3793727
https://doi.org/10.1155/2022/3793727
https://doi.org/10.1155/2022/3793727
https://doi.org/10.1155/2022/3793727
https://ui.adsabs.harvard.edu/link_gateway/2016Aquac.464..497W/doi:10.1016/j.aquaculture.2016.07.015
https://ui.adsabs.harvard.edu/link_gateway/2016Aquac.464..497W/doi:10.1016/j.aquaculture.2016.07.015
https://ui.adsabs.harvard.edu/link_gateway/2016Aquac.464..497W/doi:10.1016/j.aquaculture.2016.07.015
https://doi.org/10.3181/00379727-90-21985
https://doi.org/10.3181/00379727-90-21985
https://doi.org/10.1111/anu.12215
https://doi.org/10.1111/anu.12215
https://doi.org/10.1111/anu.12215
https://doi.org/10.1111/anu.12215
https://doi.org/10.1016/j.fsi.2014.08.024
https://doi.org/10.1016/j.fsi.2014.08.024
https://doi.org/10.1016/j.fsi.2014.08.024
https://doi.org/10.1016/j.fsi.2014.08.024
https://doi.org/10.1016/0014-5793(73)80539-3
https://doi.org/10.1016/0014-5793(73)80539-3
https://doi.org/10.1016/0014-5793(73)80539-3

