UTTAR PRADESH
JOURNAL OF ZOOLOGY

Uttar Pradesh Journal of Zoology

Volume 45, Issue 14, Page 275-282, 2024; Article no.UPJOZ.3366
ISSN: 0256-971X (P)

The Impact of Microalgae-Based Diet
Enriched Mesocyclopsaspericornis
Copepod on the Growth Performance
and Biochemical Assessment of
Ornamental Fish (Brachydanio rerio)

Gunasekaran Vidhya &* and Krishnasamy Pavithra °*

& Department of Zoology, Michael Job Memorial College of Education for Woman, Coimbatore,
Tamilnadu, India.

b Department of Zoology, Division of Aquatic Biotechnology and Live Feed Culture, Bharathiar
University, Coimbatore, Tamilnadu, India.

Authors’ contributions

This work was carried out in collaboration between both authors. Both authors read and approved the
final manuscript.

Article Information

DOI: https://doi.org/10.56557/upjoz/2024/v45i144203

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://prh.mbimph.com/review-history/3366

Received: 27/03/2024

— , Accepted: 03/06/2024
Original Research Article Published: 01/07/2024

ABSTRACT

The cultivation of emerging species in aquaculture and the aquarium industry presents challenges,
particularly during the sensitive larval stage, which often has a small mouth. Developing appropriate
early feeding protocols is crucial. Copepods have gained recognition as a viable alternative to
traditional live fish feeds, as they are natural prey for many fish species and do not necessarily
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require additional nutritional enrichment. This study aimed to assess the effect of enriching
Mesocyclopsaspericornis with different microalgae (Spirulina, Azolla, Chlorella) when fed to
Brachydanio rerio, focusing on growth, survival, and biochemical performance of the ornamental
fish. Results revealed that Brachydanio rerio exhibited the highest specific growth rate (SGR) when
fed with copepods enriched with Spirulina (1.49+0.022), and the highest survival rate was observed
when copepods were enriched with Spirulina (93.4£2.549). Further analysis of the biochemical
composition of enriched copepods indicated that Chlorella resulted in the highest protein and
carbohydrate content, along with lower lipid content compared to other enrichment groups. This
suggests that microalgae, particularly Spirulina and Chlorella can serve as a potential feed to
enhance the nutritional status of copepods and support the early stages of fish development.

Keywords: Microalgae; copepods; growth Performance ornamental fish.

1. INTRODUCTION

A diminutive tropical freshwater cyprinid, the
zebrafish is scientifically known as Danio rerio
(Hamilton, 1822). The zebra fish is a vegetarian.
Although phytoplankton, filamentous algae,
spores, invertebrate eggs, debris, sand, and mud
have also been documented from stomach
content analysis, zooplankton and insects make
up the majority of its natural diet [1]. Fish fed
exclusively on prepared foods have been shown
in numerous studies to have low survival rates
and sluggish growth [2]. However, other
researchers contend that, in comparison to live
food alone, mixing live food with formulated diets
during the early phases can result in higher
growth rates and improved survival [3]. Early fish
and crustacean stages in the natural world eat a
diverse range of phytoplankton and zooplankton,
which gives them a full and well-balanced diet.

Furthermore, live feeds—especially microalgae
and zooplankton—are regarded as ‘"living
capsules of nutrition" that can support the
development of larvae in a variety of aquaculture
species [4], Rotifer and crustaceans, or
cladocerans and copepods, are the dominant
zooplankton groups in aquatic environments.
Copepods stand out among them due to their
remarkable diversity and abundance in a variety
of environmental settings [5,6]. Copepods are
also advantageous for their nutritional profile
when compared to other live food species, and
they are frequently utilized as feed for raising fish
and shellfish larvae [7,8,9,10,11] Of the several
copepods, Cyclops sp. from the Cyclopoida order
and Diaptomus sp. from the Calanoida order
show great potential for increasing the growth
and survival rate of freshwater fish larvae.

There is now a convincing solution: feeding
copepods and cladocerans a suitable microalgal
diet will enhance their growth, fertility, and

nutritional makeup. Several studies have been
carried out to ascertain the impact of microalgal
diets on Cyclopoida [12,13,14] and Calanoida
[15,16] Since zooplankton is a natural food
source for fish and prawn larvae, many
hatcheries feed it to the larvae of ornamental fish
[17]. The aim of this study was to evaluate the
feeding efficiency of Brachydanio rerio using
enriched Mesocyclopsaspericornis.

2. MATERIALS AND METHODS
2.1 Experimental Animal and Setup

An indoor experiment was conducted using four
tubs arranged as a miniature model of intensive
culture ponds, each capable of holding up to 50
liters of water. The larvae, type B. rerio fishes,
were obtained from Beena Fish Farm in
Coimbatore, Tamil Nadu. They were transported
in oxygenated bags and acclimatized to
laboratory conditions in a cement tank for two
weeks. Throughout their maintenance period, the
animals were fed commercial feed, and water
renewal was carried out adequately.

In a laboratory setting, M. aspericornis copepods
were enriched with S. platensis, C. vulgaris, and
A. pinnata to feed the ornamental fish B. rerio.
Adult nauplii of M. aspericornis, cultured for 48
hours, were fed with each type of food at the
same concentration of 0.5 mg/ml/day. The
powdered feeds were prepared by mixing them
with distilled water at a concentration of 0.5 mg
and vigorously stirred for 2-3 minutes. M.
aspericornis (at a density of 50/ml) was
introduced into 500ml culture flasks containing
freshwater, and mild aeration was provided. After
6 hours of enrichment, adult nauplii of M.
aspericornis were fed to the experimental B. rerio
fishes twice a day. Daily observations were
conducted.
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The experimental setup involved dividing the
fishes into four groups, each consisting of 50
individuals:

Control: B. rerio fed with M. aspericornis
enriched by yeast

Treatment 1: B. rerio fed with M. aspericornis
enriched by Azolla

Treatment 2: B. rerio fed with M. aspericornis
enriched by Spirulina

Treatment 3: B. rerio fed with M. aspericornis
enriched by Chlorella

2.2 Growth Parameters

The growth parameters were calculated by using
the following equation according to [18].

Weightgain(WG, %) =

Final weight — Initial weight
x 100

Initial weight
Specificgrowthrate(SGR, %) =

Final weight — Initial weight

x 100
Experiment period
Total feed intake

Feedconversionratio(FCR, %) = Wightgain

Number of fish survived
x 100

ival o) —
Survivalrate(%) Initial number of fish

2.3 Estimation of Protein

The protein content in different samples was
estimated by employing the Folin-Ciocalteau
method of [19].

Calculation:

OD of Unknown

X Concentration of the standard
0D of Known protein

2.4 Estimation of carbohydrate

Prepare the standard by taking 0.2, 0.4, 0.6, 0.8
and 1ml of the working standard and make up
the volumes to | ml in all the tubes including the
sample tubes by adding the distilled water. Then
add 4ml of anthrone reagent. Heat for 8 minutes
in a boiling water bath, then cool rapidly and read
the dark green colour at 630 nm followed by [20].

Calculation:

0D of Unknown

——— X Concentration of standard
0D of Known

2.5 Estimation of Lipid

The method of [21] was employed to extract the
500mg sample was homogenized in 2ml of
chloroform: methanol, which is centrifuged at
3000 rpm for 10 minutes. The process is
repeated thrice; the supernatant was pooled and
concentrated at 40-45°C in flask vacuum
evaporator.

Calculation:

0D of Unknown

X concentration of standard
0D of Known

2.6 Statistical Analysis

Data obtained from biochemical studies
subjected to one-way ANOVA. Duncan multiple
range tests were used to test if the difference
between the treatments were significant using
SPSS 13 .0 software.

3. RESULTS AND DISCUSSION

3.1 Growth Parameters of B. rerio fed
with Enriched M. aspericornis

The weight gain (WG), specific growth rate
(SGR), feed conversion ratio (FCR), and survival
rate (SR) of B. rerio fish fed the experimental
diets are detailed in Table 1. Fish fed Treatment
2 (Spirulina) demonstrated significantly higher
WG, SGR, and SR compared to those fed
Treatment 1 (Azolla), Treatment 3 (Chlorella),
and the Control (P<0.05). Additionally, the FCR
was lowest in the Treatment 2 group
(1.784£0.052), indicating the most efficient feed
utilization. The Control group had the highest
FCR (2.51+0.065), followed by Treatment 3
(2.35£0.009) and Treatment 1 (1.94+0.032). The
survival rate was also highest in the Spirulina
group (95.7+0.36), followed by the Azolla
(90.6+£1.35), Chlorella (87.9+1.58), and Control
(85.4+1.11) groups (Table 1). In summary, B.
rerio fed with spirulina-enriched M. aspericornis
showed superior growth parameters and survival
rates compared to those fed with other
enrichment sources, highlighting the potential
efficacy of spirulina as a beneficial supplement
for fish growth and overall health. Similar studies
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have indicated that microalgae can significantly
enhance the growth of fish [22,23,24] and
Copepod (M.aspericornis) can be utilized entirely
as an alternative or supplementary feed for
commercial C. catlaseed production [25,26],
provide numerous health benefits for aquatic
animals, including immune enhancement [27]
and anti-inflammatory or phagocytic properties
[28].

3.2 Biochemical Analysis
Carbohydrates and Lipids)

(Protein,

In the present study, three different microalgae
(Spirulina, Azolla,Chlorella, and yeast) were used
enriched M. aspericornisfed to B. rerio. The
protein, lipid and carbohydrate content of
different algal sources were estimated (30- and
60-days experiments). Among the algal sources
used to enriched M. aspericornisfed to B. rerio
showed high amount of protein content were
observed Treatment 2 (767.33x1.55% and
795.46+£2.102® followed by Treatment 3
(640.6+0.11 @ and 681.71+1.60 ), Treatment 1
(622.440.09 cand 653.86+0.09%3) and Control
(586.70+0.09%2and 650.4+0.07) in both 30- and
60-days trail. The above results are in similar to
the findings of [29] who reported that Penaid
larvae fed with Chaetoceros sp. showed high
protein content. Therefore, it was important to
standardize the microalgae culture conditions, in
order to ensure the same FA enrichment day by
day. In general, the biochemical composition of
A. tonsa nauplii fed on I-R treatment was the
richest in terms of protein, total LCPUFAs and
EPA reported [30]. These results agreed with
previous studies reporting the excellence of
Rhodomonas spp. as a diet for calanoid
copepods [31]. Early studies reported on the
rearing of M. rosenbergii indicated that the
optimal dietary protein level ranged from 15 to
80% [32]. This finding is corroborated by [33]. A

study conducted on Penaeus japonicus found
that diets containing less than 10% protein had
low levels of highly unsaturated fatty acids
(HUFA), which are crucial for the growth and
survival of Penaeus japonicus larvae. Protein
content below 15% could lead to mortality during
the rearing of post-larvae, as protein is a primary
consideration in formulating fish feed. However,
an excess of protein in the diet may also higher
growth [34].

After being fed M. aspericornis supplemented
food, B. rerio showed a high concentration of
carbohydrates were shown Treatment 3
(760.84+0.12 and 883.52+0.22ba), followed by
Control  (751.20+0.23 and  781.95+0.19),
Treatment 1(759.03+0.10 ad and 782.60+0.20
ac) and Treatment 2 (754.23£0.16 and
770.31£0.21), finally Table 2, displays the
significantly lower lipid content (310.5+0.85 and
396.58+0.39) in the Treatment 1 group as
compared to the other group that fed M.
aspericornis enriched food to B. rerio in both 30-
and 60-day trials. Furthermore, research
indicates that P. monodon larvae fed
mix algae with high lipid content produce the
highest carbohydrate content when analyzed up
close [35,36]. According to a related
study, lipids have the highest energy density of
all the food classes and are essential
components in both plants and animals. Because
copepod consumption is outpaced
by primary production in tropical conditions,
phytoplankton food is always available, negating
the need for lipid reserves. This could account for
copepods' reported low lipid content [37,38].
Results from [39] show that there is a notable
variation in the lipid content of tropical
zooplankton compared to temperate
zooplankton. This difference may be attributed to
hydrological circumstances and kind of food
available.

Table 1. Growth performance of B. rerio fed with enriched M. aspericornisby different feeds

Parameters Control Treatment 1 Treatment 2 Treatment 3
IW (g) 1.94+0.032 1.96+0.012 1.95+0.002 1.95+0.0082
FW (9) 2.95+0.044d 3.80+0.00b 4.33+0.042 3.43+0.04°¢
WG(g) 1.01+0.008¢ 1.84+0.006 2.35+0.04 2 1.48+0.032bc
SGR (%) 0.45+1.374d 0.57+0.00b 0.62+0.002 0.52+0.01b¢
FCR 2.51+0.0652 1.94+0.032°b 1.78+0.052¢b¢ 2.35+0.009 @b
SR (%) 85.4+1.114d 90.6+1.35b 95.7+0.362 87.9+1.58¢

The mean + SD of three separate observations is shown for each value. Significant differences (P<0.05) exist
between the mean values in the same row that share the same superscript.
Treatment 1: B.rerio fed with M. Aspericornis enriched by Spirulina, Treatment 2: B.rerio fed with M.aspericornis
enriched by Azolla, Treatment 3: B.rerio fed with M. aspericornis enriched by Cholerlla, Control: B.rerio fed with
M. aspericornis enriched by yeast.
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Days Parameters(ug/ml) Control Treatment 1 Treatment 2 Treatment 3
1sday Protein 454.16+2.09b 454.16+2.09° 454.16+2.09b 454,16+2.09b
Carbohydrate 658.59+2.13°¢ 658.59+2.13°¢ 658.59+2.13°¢ 658.59+2.13°¢
Lipid 349.40£0.43 da 349.40£0.43 da 349.40£0.43 da 349.40£0.43 da
30t day Protein 586.70+0.092 622.4+0.09°¢ 767.33+1.552 640.6+0.11 ¢
Carbohydrate 751.20+0.23 2 759.03+0.102d 754.23£0.16 2 760.84+0.12 3¢
Lipid 477.09+0.60°¢ 310.5+0.85¢% 305.19+0.42° 362.09+0.66 bd
60" day Protein 650.4+0.07 b 653.86+0.09b2 795.46+2.10%a 681.71+1.600
Carbohydrate 781.95+0.19 ad 782.60+0.20 2 770.31+0.21 3 883.52+(0.22ba
Lipid 531.63+0.42°¢ 396.58+0.39 2 484.69+0.49 bd 476.16+0.200°

Each value is mean + SD of three individual observations. Mean values within the same row sharing the same superscript are Significant different (P<0.05)
Exp 1: B.reriofed with M.aspericornisenriched by Spirulina, Exp 2: B.rerio fed with M.aspericornisenriched by Azolla, Exp 3: B.rerio fed with M.aspericornisenriched by
Cholerlla, Control: B.rerio fed with M.aspericornisenriched by yeast.
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4. CONCLUSION

In summary, our findings suggest that the
specific  growth rate and  biochemical
performance of the ornamental fish (B. rerio)
were influenced by the enrichment of M.
aspericornis copepods with different microalgae.
Specifically, the highest specific growth rate in B.
rerio was observed when fed copepods enriched
with Spirulina. Additionally, B. rerio exhibited the
highest survival rate when fed with Spirulina-
enriched M. aspericornis in our study. This
suggests a potential for reducing hatchery costs
by utilizing spirulina-based enrichment while
simultaneously enhancing nutrient content.
Overall, these findings highlight the importance
of microalgae selection in enriching copepods for
aquaculture, offering insights into optimizing both
growth performance and nutritional quality in
ornamental fish production.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

COMPETING INTERESTS

Authors have declared that

interests exist.
REFERENCES

1. Spence R, Gerlach G, Lawrence C, Smith
C. The behaviour and ecology of the
zebrafish, Danio rerio.Biological Reviews.
2008;83(1):13-34.

2. Finn RN. (Ed.).Fish larval physiology.CRC
Press; 2020.

3. Puello-Cruz  AC, Velasco-Blanco G,
Martinez-Rodriguez IE, Felix-Ramos E,
Voltolina D. Growth and survival of
Siamese fighting fish, Betta splendens,
larvae at low salinity and with different
diets.Journal of the World Aquaculture
Society. 2010;41(5):823-828.

4. Samat NA, Yusoff FM, Chong CM, Karim
M. Enrichment of freshwater zooplankton
Moina micrura with probiotics isolated from
microalgae.Journal  of  Environmental
Biology.2020;41:1215-1223.

5. Magouz Fl, Essa MA, MatterM, Mansour
AT, Gaber A, Ashour M. Effect of different
salinity levels on population dynamics and

no competing

10.

11.

12.

280

growth of the cyclopoid copepod Oithona
nana.Diversity,2021;13(5):190.

Available:
https://doi.org/10.3390/d13050190.
Abu-Rezq TS, YuleAB, Teng SK.
Ingestion, fecundity, growth rates and
culture of the harpacticoid copepod,
Tisbefurcata, in the
laboratory.Hydrobiologia.  1997;347:109-

118.
Available:https://doi.org/10.1023/A:100307
1318933.

Altaff K, VijayarajR. Micro-algal diet for
copepod culture with reference to their
nutritive  value—A  review.International
Journal of Current Research and Review.
2021;13(7):86-96.
Avalilable:https://doi.org/
10.31782/1IJCRR.2021.13705.

Samat NA, Yusoff FM, RasdiNW, KarimM.
Enhancement of live food nutritional status
with essential nutrients for improving
aquatic animal health: A
review.Animals.2020;10(12):2457.
Available:https://doi.org/10.3390/ani10122
457.

Shao L, Zeng C. Survival, growth,
ingestion rate and foraging behavior of
larval green mandarin fish
(Synchiropussplendidus) fed copepods
only versus co-fed copepods with
rotifers.Aquaculture,520,734958.
Agquaculture. 2020;520:734958.
Available:https://doi.org/10.1016/j.
aquaculture.2020.734958.

Rasdi NW, QinJG. Copepod
supplementation as a live food improved
growth and survival of Asian seabass
Lates calcarifer larvae.
Aquaculture Research. 2018;49(11):3606-
3613.
Available:https://doi.org/10.1111/are.13828
CamusT, Rolla L, Jiang J, Zeng C. Effects
of microalgal food quantity on several
productivity-related parameters of the
calanoid copepod Bestiolinasimilis
(Calanoida: Paracalanidae).Frontiers in
Marine Science. 2021;8:812240.

Available; https://doi.org/10.3389/
fmars.2021.812240.

Sigwepu O, RichouxNB, VineNG. The
effect of different dietary microalgae on the
fatty acid profile, fecundity and population
development of the calanoid copepod
Pseudodiaptomushessei (Copepoda:
Calanoida). Aquaculture. 2017;468:162—
168.



13.

14.

15.

16.

17.

18.

19.

20.

Vidhya and Pavithra; Uttar Pradesh J. Zool., vol. 45, no. 14, pp. 275-282, 2024; Article no.UPJOZ.3366

Available:https://doi.org/10.1016/j.aquacult
ure.2016.10.008.

Pan YJ, Souissi S, Souissi A, WuCH,
Cheng  SH, Hwang JS. Dietary
effects on egg production, egg-hatching
rate and female life span of the tropical
calanoid copepod A cartiabilobata.
Aquaculture Research. 2014;45(10):1659-
1671.

Available:https://doi.org/
10.1111/are.12113.

PanYJ, Sadovskaya |, Hwang JS, Souissi
S. Assessment of the fecundity, population
growth and fatty acid composition of

Apocyclopsroyi (Cyclopoida, Copepoda)
fed on different microalgal
diets.Aquaculture Nutrition.

2018;24(3):970-978.
Available:https://doi.org/10.1111/anu.1263
3.

Rasdi NW, Qin JG.Improvement of
copepod nutritional quality as live food for
aquaculture: A review .Agquaculture
Research. 2016;47(1):1-20.
Available:https://doi.org/10.1111/are.12471
Lee KW, Park HG, Lee SM, Kang HK.
Effects of diets on the growth of the
brackish  water cyclopoid copepod
Paracyclopina nana Smirnov.Aquaculture.
2006;256(1-4):346-353.
Available:https://doi.org/10.1016/j.aquacult
ure.2006.01.015.

Altaff, K., Raghunathan, M. B., Suresh
Kumar, R., &Suriyanarayana, M. M.
Harvest of zooplankton live food for
ornamental fishes from natural ponds in
north Chennai, Tamilnadu.Indian
Hydrobiology,2002, 5(2), 115-118.
Lomartire S, Marques JC, Goncgalves AM.
The key role of zooplankton in ecosystem
services: A perspective of interaction
between zooplankton and fish recruitment.

Ecological Indicators. 2021 Oct 1;129:
107867.

Muralisankar T, BhavanPsS,
Radhakrishnan S, Seenivasan  C,
Manickam N, SrinivasanV. Dietary

supplementation of zinc nanoparticles and
its influence on biology, physiology and

immune responses of the freshwater
prawn, Macrobrachiumrosenbergii.
Biological trace element research.

2014;160:56-66.

Lowry OH, Rosebrough NJ, Farr AL,
Randall RJ. Protein measurement with the
Folin phenol reagentJ biol Chem.
1951;193(1):265-275.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

281

Roe JH.The determination of sugar in
blood and spinal fluid with anthrone
reagent.Journal of Biological
Chemistry.1955;212:335-343.

Folch J, Lees M, Stanley GS. A simple
method for the isolation and purification of
total lipides from animal tissues.Journal of
Biological Chemistry.1957;226(1):497-509.
Ju ZY, Forster I, Conquest L, Dominy W,
Kuo WC, David Horgen F. Determination
of microbial community structures of
shrimp floc cultures by biomarkers and
analysis of floc amino acid profiles.
Aguaculture Research. 2008;39(2):118-
133.

Ju YS, Lee WC, Shin JY, Lee S, Bleazard
T, Won JK,Seo JS. A transforming KIF5B
and RET gene fusion in lung
adenocarcinoma revealed from whole-
genome and transcriptome sequencing.

Genome Research. 2012;22(3):
436-445.
Munirasu S, Uthayakumar V,

Ramasubramanian V, Kiruba A. Effect of
live feed Mesocyclopsaspericornis survival,
growth, biochemical constituents and
energy utilization of the freshwater fish
Catlacatla. Journal of Aquaculture Feed
Science and Nutrition. 2014,6(01):23-31.

Murugesan S, SivasubramanianV, AltaffK.

Nutritional evaluation and culture of
freshwater live food organisms on
Catlacatla. J. Algal Biomass Utin.

2010;1(3):82-103.

Sorokin B, Gusev E, Namsaraev Z,
Emelianova A, Patova E, Novakovskaya I,
Kuzmin D. Effect of microalgae feed
supplementation on growth performance
and feeding efficiency of tilapia fry; 2023.
Hayashi O, Katoh T, OkuwakiyY.
Enhancement of antibody production in
mice by dietary Spirulina platensis. Journal
of Nutritional Science and Vitaminology.
1994;40(5):431-441.

JensenGS, Benson KF, Carter SG, Endres
JR. GanedenBC 30™ cell wall and
metabolites: anti-inflammatory and immune
modulating  effects in  vitro. BMC
Immunology.2010;11:1-14.

D'souza FML, Knuckey RM, Hohmann S,
Pendrey RC. Flocculated microalgae
concentrates as diets for larvae of the tiger
prawn Penaeus monodon Fabricius.
Aquaculture Nutrition. 2002;8(2):
113-120.

Di Martino RMC, Maxwell BD, Pirali T.
Deuterium in drug discovery: progress,



32.

33.

34.

Vidhya and Pavithra; Uttar Pradesh J. Zool., vol. 45, no. 14, pp. 275-282, 2024; Article no.UPJOZ.3366

opportunities and challenges. Nature
Reviews Drug Discovery. 2023;22(7):562-
584.

BroglioE, Jénasdottir  SH,  CalbetA,
Jakobsen  HH,  SaizE. Effect  of
heterotrophic versus autotrophic food on
feeding and reproduction of the calanoid
copepod Acartiatonsa: relationship with

prey fatty acid composition. Aquatic
Microbial Ecology. 2003;31(3):
267-278.

Muralisankar T, Bhavan PS,

Radhakrishnan S, Seenivasan  C,
Srinivasan V, Santhanam P. Effects of
dietary zinc on the growth, digestive
enzyme activities, muscle biochemical
compositions, and antioxidant status of the
giant freshwater prawn Macrobrachium
rosenbergii. Aquaculture. 2015;448:98-
104.

Ben-Amotz D, Harris CB. Torsional
dynamics of molecules on barrierless
potentials in liquids. I. Temperature and
wavelength dependent picosecond studies
of triphenyl-methane dyes. The Journal
of chemical physics. 1987;86(9):
4856-4870.

35.

36.

37.

38.

39.

Lim ClI, Park JH, Ryu KS. Dietary excess
supplementation of limiting amino acids
promotes growth performance in broiler
chickens through gh and IGF-l. Animal
Nutrition and Feed Technology.
2022;22(2):383-398.

D'souza FML, Loneragan NR. Effects of
monospecific and mixed-algae diets on
survival, development and fatty acid
composition of penaeid prawn (Penaeus
spp.) larvae. Marine Biology. 1999;133(4):
621-633.

Mohd Rasdi R, Ahrari S. The applicability
of social cognitive career theory in
predicting life satisfaction of university
students: A meta-analytic path analysis.
Plos One. 2020;15(8):e0237838.

Hannah L, Roehrdanz PR, lkegami M,
Shepard AV, Shaw MR, Tabor G, Hijmans
RJ. Climate change, wine, and
conservation. Proceedings of the National
Academy of Sciences. 2013;110(17):6907-
6912.

Rajkumar SV. Multiple myeloma: Update
on diagnosis, risk stratification, and
management.  American  Journal  of
Hematology. 2014;89(10):998-1009.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s).
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://prh.mbimph.com/review-history/3366

282


https://prh.mbimph.com/review-history/3366

