International Journal of Fisheries and Aquatic Research

International Journal of Fisheries and Aquatic Research

ISSN: 2456-7248; Impact Factor: RJIF 5.44

Received: 12-10-2020; Accepted: 27-10-2020; Published: 15-11-2020
www.fishjournals.com

Volume 5; Issue 4; 2020; Page No. 34-41

Supplementation of choline chloride directly in the pond water induced enhanced growth
performance in Indian major carps and air-breathing fishes

Subhas Das!, Atanu Patra?, Arghya Mandal®, Niladri Sekhar Mondal*, Apurba Ratan Ghosh®
1-3.5 Ecotoxicology Laboratory, Department of Environmental Science, The University of Burdwan, Burdwan, West Bengal,
India
4 Environmental Science Laboratory, Department of Environmental Science, Netaji Subhas Open University, Salt Lake City,
West Bengal, India

Abstract

The present study intended to investigate the effects of supplementation of choline chloride under direct field pond application
in addition to farm-made-aqua-feed on two air-breathing species, Clarias batracus (Magur) and Anabas testudineus (Koi) as
well as two Indian Major Carps (IMCs), Catla catla (Catla) and Labeo rohita (Rahu), cultured in a ratio of 2:5:1:1(Catla : Rahu:
Magur : Koi) in three ponds: one normal pond (N) with farm-made-aqua-feed only and two with (P1 and P2: considered as T)
farm-made-aqua-feed plus choline chloride. Choline chloride was applied directly into the pond water at the rate of 350 g bigha
! per 15 days into the P1 and P2 ponds under a semi-intensive system of 90-d culture during the breeding season (June to August).
A comparative study on growth performances based on growth parameters was considered. Growth parameters showed a
significantly enhanced pattern in % WG (weight gain), SGR % (specific growth rate), survivability rate, PER (protein efficiency
reatio), FE (feed efficiency), CF (condition factor), RLG (relative length of gut), and TP (total production), but a reverse pattern
was observed in FCR (food conversion ratio), VSI (viscero somatic index) and IPF (intra- peritoneal fat ratio) both in IMCs and
Air-breathing fishes under choline supplementation. An increasing trend in HSI (hepato-somatic index) and ISl (intesto-somatic
index) in case of IMCs and declining trend of the same in air-breathing fishes were depicted under choline-applied (CA) groups
of fishes. Under direct administration of choline into the pond water, the experimental fish species showed improved growth

performances, which can subsequently cause an economic profit to the farmers due to increased production.
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1. Introduction

Choline chloride (CsH14NO.CI), an organic, thick, colour less
and strongly alkaline substance is ascribed to be an essential
vitamin (grouped within the B-complex family) for fishes [*
2, 1t is considered as an essential nutrient for cellular structure
and function, recognized as the most essential dietary
component to the growing and young vertebrates including
fish and its requirement ranges from 50 to 100 or up to 3000
mg kgtin fish species 1. It also functions to act as a precursor
of betaine (methyl group donner) to synthesize methylated
metabolites,  acetylcholine  (neurotransmitter),  and
phosphatidylcholine, while, it is revealed to be a major
constituent of some plasmalogens, lecithin, and
sphingomyelins and various plant and animal cells show its
wide abundance in nature 51, Requirement of choline in the
animal body was indicated previously as it provides structural
integrity of the cell maintenance, having certain metabolic
functions, signaling functions of cell membranes; it directly
affects the cholinergic neurotransmission, involving the
transmission of nerve impulses across synapses, and also
engaged in lipid transportation from the liver and normal
muscle functioning © 78l It was reported that the decreased
lipid content in liver and increased lipid in muscle in fish was
found when the diet contains choline [, whereas, the
increased lipid content in liver was recorded by Shiau and Lo
(2000) M and in whole-body by Wu et al. (2011) ™! under
increasing dietary choline level; again, some authors opined
that there is no significant influence of liver lipid content
when the fishes fed with the diet containing choline [ 13141,

Nevertheless, it is nothing but a lipotropic factor that prevents
to accumulate the lipid abnormally to generate fatty liver
syndrome [ 15 161 Moreover, the hepatic lipidosis,
haemorrhagic condition in the renal system, and intestine,
anorexia have been reported by many researchers in the
choline-deficient diet &7 8, It is observed from various
studies that the choline-deficient diet influences the
retardation of growth and poor feed efficiency, poor
survivability and increased concentration of lipid in the in
yellow perch (Perca flavescens) [, juvenile cobia
(Rachycentron canadum) 1%, common carp (Cyprinus
carpio) P, channel catfish (Ictalurus punctatus) ?% and also
in lake trout (Salvelinus namaycush) %1, Poor digestion
capacity and lowered capability of absorption resulted
retarted growth in the fish, fed without choline 2 221, The
present work is designed to assess the responses of direct
supplementation of choline chloride into the pond water in an
addition to farm-made-aqua-feed on the fish faunas (Catla
catla, Labeo rohita, Clarias batracus and Anabas
testudineus) of different food habits occupying different
trophic strata cultured in the semi-intensive fish ponds.
Analysis of growth performance, based on growth parameters
was considered to disclose the mechanism behind it.

2. Materials and Methods

2.1. Experimental design at the field

The 90-d field experiment (Fig. 1) was fixed up at Khano
village, Purba Bardhaman for in the breeding season, i.e.,
from June to August where, two air-breathing species,
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Clarias batracus (Magur) and Anabas testudineus (Koi) as
well as two Indian Major Carps (IMC) Catla catla (Catla)
and Labeo rohita (Rahu) were taken as test fishes, having a
culture ratio of Catla: Rahu: Magur: Koi = 2: 5: 1: 1. About
900 fish-species in the noted ratio were released per
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experimental pond (Three numbers of experimental ponds
and each having effective water area (EWA): 0.20 acre i.e.,
0.05 bigha) The desired weight (g) and length (cm) was also
maintained during stocking of fishes in each pond (Table 1).

Procurement of fish from local registered fish farm
(Chandimata Fish Farm)
(C. catla, L. rohita, C. batracus, A. testudineus)

15 days acclimatization on the acclimatization pond by
following fish culture protocol

Transferred into the three
experimental ponds: N, P1 & P2

Dispensed on the 16" day (1st day of experimental culture) into N, P1 & P2
ponds and each pond having effective water area (EWA) of 0.20 acre (or 0.5
bigha). Each pond also contained 900 numbers of fishes as per ratio of 2:5:1:1
of C. catla, L. rohita, C. batracus, and A. testudineus

90 days culture (one cycle)

!

Fed with farm-made-aqua-feed

On 91* day

Fed with farm-made-aqua-feed
Plus

N
Choline chloride @ 350 g bigha™
15 d" directly into the pond water
only

[=On 91" day

Random selection of 60 nos. of Random selection of 60 nos. of

fresh fishes (species-wise) from N For Growth fresh fishes (species-wise) from

pond —> Parameter le—| both the P1 (30 nos.) & P2 ponds
Analysis (30 nos.)

Fig 1: Experimental design at field

2.2. Collection of fish and culture practices

Species-wise sevral fishes as per ratio were taken for the
present experiment from the nearby registered fish farm and
acclimatization was done in the ‘acclimatization pond’ (a
sepetate pond, other than experimental ponds) for a period of
15 days. To run the experiment smoothly and to obtain the
desired stocking ratio, more than 30% of total required fish
species were stocked for partial mortality in the
acclimatization pond and also for getting desired stocking
ratio during the course of experimentation. Before the
experiment, selected ponds [both acclimatization (one) and
three experimental [one normal (N) and two treatment (T)
ponds, i.e., P1 & P2)] were manured and fertilized as per the
protocol of aquaculture 23 24 25.26.271 ‘maintaining a definite
depth of 5 ft. Experimental culture practice was conducted in
these three experimental ponds i.e., in N, P1 & P2 (Fig. 2)
after transferring the species-wise fishes on the basis of
desired culture ratio on 16" day of acclimatization from the
acclimatization pond. The 16" day of acclimatization was
considerd as the 1% day of experimental culture. Fishes of the
both normal pond (N) and treatment (T: P1 & P2) ponds were
fed with 35% protein containing ‘farm-prepared’ ‘farm-

made-aqua-feed’, (Table 2) at the rate 4% of total biomass
day? during the entire course of experimentation. Choline
chloride of feed-grade (purity: 98%) quality (Meden Pharma
Pvt. Ltd., Boisar-401506, Maharashtra) was administrated
directly into the treatment ponds” water (P1 & P2) only at the
rate of 350 g bigha* fortnightly. Furthermore, under this pond
culture system, the experimental fishes fed with ‘farm-made-
aqua-feed’ and also exposed to choline chloride in the
treatment (T) ponds were denoted as CA (choline-applied)
groups of fishes while, the fishes fed only with ‘farm-made-
aqua-feed’ at the normal pond (N) were termed as CNA
(choline-not-applied) groups of fishes for the convenience of
description. Water quality parameters were monitored
regularly (15 days of interval time) in all three experimental
ponds under field conditions 2% and expressed in mean value.
Average value was also considered in case of treatment ponds
also (T as avg. of P1 & P2) [Table 3]. Before releasing the
fish species into the respective ponds, the following
conventional measurements of each fish individual were
taken into account like initial total length (TLI), initial
standard length (SLI), and initial mean live-body-weight
(MWI).
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n

,

ond <> N 23'19'872" and E 87°43'702"; P2 pond = N 23°19'834"and E 87°43'751""; N pond = N 23°19'924" and E 87°43'877"

Fig 2: Experimental site at field condition

Table 1: Description of the experimental ponds and stocking composition of fish-species in the experimental ponds

Sl|Status of | Total AreEa;fective Latitude Species cultured Species stocking| Approx. age of fish fauna
Nojthe pond| Area |Water Area & & Initial weight (g) during the liberation in each pond durln_g liberation into the
(TA) (EWA) Longitude (number)  |experimental ponds (days)
Labeo rohita (Rahu): TLI:16.00+1.04 cm;
SLI: 15.00+1.41 cm MWI: 60.00 +1.14 g L rohita-500
Normal 0.20 Acre N Catla catla (Catla): TLI: 17.00+0.90 cm; C catla-200 L. rohita-(58-63)
1 Pond 0.56 ~6 08 Ha ~ 23019'924"| SLI: 15.20+1.00 cm MWI: 70.00 £0.47 g c b' ) C. catla-(65-70)
=0. ax ; . . ] _|C. batrachus-100
(N) Acre 0.50 Bigha E Clarias batrachus: TLI: 8.80+0.92 cm; SLI: A testudineus- C. batrachus-(68-73)
' 87043'877"| 7.50+£0.85 cm (Magur) MWI: 18.00+2.93¢g | "~ 100 A. testudineus-(45-50)
Anabas testudineus TLI:5.80+0.53 cm; SLI:
5.0040.55 cm (koi) MWI: 10.00+1.54 g
Labeo rohita (Rahu): TLI:16.00+1.04 cm;
SLI: 15.00+1.41 cm MWI: 60.00 +1.14 g L rohita-500
020 Acre ~ N Catla catla (Catla): TLI: 17.00+0.90 cm; C catla-200 L. rohita-(58-63)
2 p1 0.62 608 Ha ~ 23019'872" SLI: 15.20+1.00 cm MWI: 70.00 +0.47 g c bétrachus—loo C. catla-(65-70)
Acre 0.50 Bigha E Clarias batrachus: TLI: 8.80+0.92 cm; SLI: A testudineus- C. batra_chus-(68—73)
87043'702"| 7.50+£0.85 cm (Magur) MWI: 18.00+2.93 ¢ 100 A. testudineus-(45-50)
Anabas testudineus TLI:5.80+0.53 cm; SLI:
5.00+0.55 cm (koi) MWI: 10.00+1.54 g
Labeo rohita (Rahu): TLI:16.00+1.04 cm;
SLI: 15.00£1.41 cm MWI: 60.00 +1.14 g L rohita-500
P2 020 Acre = N Catla catla (Catla): TLI: 17.00+0.90 cm; C catla-200 L. rohita-(58-63)
3 0.70 608 Ha ~ 23019'834" SLI: 15.20+1.00 cm MWI: 70.00 +0.47 g c bétrachus—loo C. catla-(65-70)
Acre 0.50 Bigha E Clarias batrachus: TLI: 8.80+0.92 cm; SLI: A testudineus- C. batra_chus-(68—73)
87°43'751"| 7.50+0.85 cm (Magur) MWI: 18.00+2.93 ¢ 100 A. testudineus-(45-50)
Anabas testudineus TLI1:5.80+0.53 cm; SLI:
5.00+0.55 cm (koi) MWI: 10.00+1.54 g

Pland P2: treatment (T) ponds - 1&2; N=North, E=East, TLI- total length (initial), SLI-standard length (initial), MWI- mean live-body-weight

(initial) Ha=Hector, 1 Ha =2.47 Acre = 6.25 Bigha, Data are presented in Mean + SD (n=60); 1 Bigha=40 Decimal=0.40 Acre
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Table 2: Ingredients (g kg?), used to formulate the ‘farm-made-aqua-feed’, fed to the experimental fishes and proximate composition of the

basal diet

Ingredients gkg' Nutritional content (g kg™)
Fish meal * 195 Dry matter ;982
Soya meal*® 130 Crude protein : 350
Groundnut oil cake * 45 Crude fat : 4885
Yellow corn (maize) * 120 Crude Ash :  53.53
DOgB * (De-oiled rice bran) 230 NFE 1 54762
Broken rice * 145

Silky bran * 45

Vitamin and mineral premix ** 80

Sodium chloride * 10

Bardhaman, West Bengal, India

Crude protein, crude fat, crude ash and moisture content were measured value [41].

Nitrogen free extract; NFE (%) = 100- ( % crude protein + % total fat + % ash)

* Local market (Khano, Galsi,Galsi-II Block, Purba Bardhaman, West Bengal, India)
**Matsya Chas Sahayata Kendra, Tinkonia, Gurudwara, near Burdwan Municipality, Purba

Table 3: Comparative analysis of physicochemical parameters of
water between choline-applied and choline-not-applied conditions

Parameter | Unit N Pond T Pond (Avg. of P1 & P2)
Trans cm 20.74+0.57 18.00+0.20**
Temp °C 29.00+0.52 31.50+0.10**

EC pS/cm | 668.60+4.15 680.00+2.50**
pH 7.60+0.28 8.60+0.50**
CO2 mg/I 5.10+0.35 4.55+0.40**
DO mg/I 6.30+0.57 7.20+0.40**
TA mg/l | 319.40+1.39 342.50+2.60**
PO4* mg/Il 0.80+0.02 1.30+0.10**
TH mg/l | 186.00+1.33 185.00+1.00**
Cl mg/l | 50.00£0.74 60.00+0.50**
NH4*-N mg/l 0.81+0.07 1.22+0.10**
NOs-N mg/l 0.36+0.04 0.75+0.15**
Na* mg/l | 72.40%1.23 82.00+1.75**
K* mg/l | 15.50£1.17 21.20+1.20**

Trans-Transparency, Temp-Temperature, EC-Electrical
conductivity, DO-Dissolved oxygen, TA-Total alkalinity, TH-Total
hardness, NHs*-N-Ammonical nitrogen, CO2-Carbon-di-oxide,
NOs™-N- Nitrate nitrogen, CI-Chloride Data are represented as mean
+ SD (n=6). Samples taken 15 days interval (D15, D30, D45, D60,
D75, and D 90). D=day. Mean Value of each datum of D15, D30,
D45, D60, D75, and D90 is reflected in the table both for Nand T
ponds. For T pond: the average value of P1 and P2 is taken and
represented. [‘t’- test (Paired two sample of means) conducted;
significance “**’, when P<0.01 and ‘*’, when P<0.05]. N pond =
Fed with farm-made-aqua-feed only; T Pond= Fed with farm-made-
aqua-feed + choline chloride into the pond water

2.3. Sampling

After end of the 90-d experiment, species-wise
experimentated fishes were taken through ramdom selection
with utmost care from N, P1, and P2 (n=60; 60 from N, 30
from P1 and 30 from P2 for analysis of growth performance.
The final total length, final standard length and final live body
weight were measured at each pond embankment
immediately after catch. Data on liver weight, viscera weight,
intestinal total length, intestinal wet weight, hepato-somatic
index (HIS), viscera-somatic index (VSI), relative length of
gut (RLG), intesto-somatic index (ISI), intra-peritoneal fat
ratio (IPF), protein efficiency ratio (PER), specific growth

rate (SGR%), weight gain (%WG), survivability rate, food
conversion ratio (FCR), feed efficiency (FE), condition factor

(CF) and finally the total production (TP) were registered [
29, 30, 31, 32]_

2.4. Calculations and statistical Analysis

2.4.1 Growth parameter calculation

The growth parameters calculated in this experiment were
determined by as follows:

Weight Gain (%WG) = 100 x [{Mean live body weight
(final)-Mean live body weight (initial)} / Mean live body
weitht (initial)]

Specific Growth Rate (SGR % per day) = 100 X [(InW1-InWo/
(T1-To)]

Survivability % = 100 x (Number of survived fish/Total
number of fish stocked)

Protein Efficiency Ratio (PER) = Live weight gain
(9)/Protein intake

Hepato-Somatic Index (HIS %) = 100 x [Liver weight (g)/
Final livebody weight (g)]

Food Conversion Ratio (FCR) = Dry weight of feed given (g)
/ Live weight gain (g) (W1-W)

Feed Efficiency (FE) = 100 x [Wet weight gain (g)/feed
intake (9)]

Condition Factor (CF) = [Final body weight (g) x {(body
length (final)}*x100] &%

Viscero-Somatic Index (VSI %) = 100x [Viscera weight
(9)/Final live body weight (9)]

Intra Peritoneal Fat ratio (IPF %) = 100x [Intra Peritoneal Fat
weight (g) /Final body weight (g)] #

Relative Length of Gut (RLG %) = 100 X [Intestine length
(final) (cm)/ Total body length (TL-final) (cm)]
Intesto-Somatic Index (ISI %) = 100 x [Wet Intestine Weight
(final) (g)/Wet body weight (final) (g)]

Total Production (TP Cycle™ bigha) (kg) = Live weight gain
of total survived fishes bigha

x number of cycles

Where, W1 and W, are the final and initial live body weight
(9) of fish and T1and Toare the final and initial time of culture
(day); 1 cycle=90days
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2.4.2. Statistical Analysis

Data were analyzed by using the statistical software SPSS
package (version 22.0). ‘t’- test (Paired two sample of means)
was carried out to compare the significant difference between
choline supplemented with farm-made-aqua-feed and farm-
made-aqua-feed only fed group of fishes. Data are
represented as mean + SD.

3. Results and observations

After 90 days of culture, the growth status of L. rohita and C.
catla revealed a marked change significantly in the ‘choline-
applied’(CA) ponds under treatment condition, whereas, in
C. 38atrachus and A. testudineus depicted lowered 38atrachu
[Table 4].

In CA group of fishes, % WG, SGR %, PER, FE, CF, and TP
showed maximum in L. rohita and minimum in A.
testudineus. Furthermore, the survivability rate revealed
higher in air-breathing fish species than Indian Major Carps
(IMCs). FCR, VSI, and IPF values were decreased gradually
showing highest in L. rohita and lowest in A. testudineus.
Finally, the TP became maximum in L. rohita and decreased
significantly in A. testudineus in comparison to their ‘choline-
not applied” (HIS) groups. Under choline supplementation, L.
rohita showed significant (p<0.01) variation in % WG, SGR
%, PER, FE, CF, HIS, TP, FCR, VSI and IPF and a moderate
to low variation in RLG, survivability rate and I1SI compared
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to its HIS groups. Under CA condition, the C. catla in
comparison to L. rohita, showed significant (p<0.01) less
values in % WG, SGR %, PER, FE, CF, HIS, TP, FCR, VS,
IPF, RLG and ISlI, finally resulted higher production of L.
rohita. Moreover, in CA condition, the air-breathing fish
species indicated a reduced production compared to the
choline supplemented IMCs. In the CA condition, in C.
38atrachus, there was a marked change in FE, IPF, and TP,
but moderate to low variation in %WG, SGR%, PER, FE, CF,
survivability rate, and RLG. Although, in choline-applied A.
testudineus under treatment condition, there was more
significant (p<0.01) variation in FE and TP, moderate in
survivability rate, RLG, and comparatively low variation in
%WG, SGR%, PER, CF were recorded. Results on FCR,
VS, and IPF showed significant (p<0.01) gradual reduction,
but in L. rohita the FCR showed the maximum percentage of
reduction, and in C. catla, C.batracus and A.testudineus it
was also decreased as compared to the HIS group of fishes.
VSI and IPF were dropped in all the choline supplemented
fishes, but the L.rohita ascribed maximal reduction.
Significantly, HIS and ISl depicted a statistical significance
at p<0.01 level with an elevating trend in the case of Indian
Major Carps and were maximized in L. rohita and minimized
in C. catla.While these were declined significantly (p<0.01)
in air-breathing fishes under choline supplementation [Table
5]

Table 4: Comparative analysis of growth performances in L. rohita, C. catla, C. batracus and A. testudineus between ‘choline-applied’ (CA)
and ‘choline-not-applied” (CNA) conditions

SI No Parameter L. rohita C. catla C. batracus A. testudineus

N T N T N T N T
1 % weight Gain (% WG) 400.00+2.80 | 583.33+2.24 2|337.86+2.34| 457.14+3.62 2 |66.67+3.51|83.33+2.83 4100.00+1.48[110.00+1.252
2 | Specific Growth Rate (SGR % per day) | 1.79+0.06 | 2.14+0.22?2 | 1.64+0.02 | 1.91+0.482 |0.57+0.07 |0.67+0.142| 0.77+0.07 | 0.82+0.062
3 Survivability % 75.00+1.00 | 90.00+1.742 | 75.00£0.55 | 90.00+1.432 [70.00+0.53|85.00+0.78 4 70.00+0.36 | 85.00+0.51 2
4 Protein Efficiency Ratio (PER) 10.13+0.57 | 13.87+0.452 | 25.86+1.80 | 32.99+1.352 [5.42+0.78 | 5.91+0.612| 3.62+0.55 | 3.76+0.31™
5 Hepato Somatic Index (HSI %) 2.67+0.08 | 3.90+0.182 | 2.77+0.78 | 3.97+0.352% |6.67+0.23 |4.55+0.182| 5.00+0.18 | 3.57+0.232
6 Food Conversion Ratio (FCR) 0.93+0.02 | 0.53+0.022 | 0.96+0.04 | 0.59+0.072 [19.05+1.79|12.55+1.30%22.86+4.19|17.11+2.96°
7 Feed Efficiency (FE) 1.07+0.09 | 1.88+0.092 | 1.04+0.05 | 1.69+0.152 |0.05+0.01 | 0.08+0.012| 0.04+0.01 | 0.06+0.01¢2
8 Condition Factor (CF) 5.72+0.51 | 22.50+1.352 | 8.63+1.54 | 21.23+£1.382 | 0.09+0.05 [ 0.12+0.062| 0.02+0.01 | 0.02+0.00°2
9 Viscero Somatic Index (VSI, %) 8.33+0.49 | 4.27+0.222 | 9.14+2.88 | 5.38+0.252 |26.67+4.91(20.61+3.399 32.50+4.72 | 26.19+4.032
10 Intra Peritoneal Fat ratio (IPF, %) 0.67+0.11 | 0.24+0.012 | 0.98+0.05 | 0.47+0.062 [2.50+0.45[1.21+0.052| 4.75+£0.86 | 2.62+0.592
11 Ralarive Length of Gut (RLG, %) 524.15+15.14(592.11+14.11 94203.81+6.19|224.27+12.91 963.38+7.84|77.42+8.38 4 23.00+3.34 | 26.00+4.08 2
12 Intesto Somatic Index (IS, %) 1.67+0.06 | 2.20+0.442 | 1.63+0.53 | 2.05+0.812 |5.00+0.28 | 3.03+0.182| 4.00+0.27 | 2.38+0.19°
13 |Total Production (TP Cyclebigha?) (kg)| 180.00+2.36 | 315.00+4.312| 70.95+2.43 | 115.20+3.222| 1.68+0.21 | 2.55+0.182| 1.40+0.09 | 1.87+0.13°2

Data are reported as Mean + SD. [‘t’- test (Paired two sample of means) conducted; significance ‘a’, when P<0.01 and ‘ab’, when P<0.05] (n= 60), N-Choline-
not-applied condition, T-choline-applied condition; 1 cycle=90d, 1 bigha=40 decimal=0.40 acre; ns-non-significant

Table 5: Responsive analysis of percent increase (+) or decrease (-
) of different growth parameters in L. rohita, C. catla, C. batracus
and A. testudineus between ‘choline-applied’ (CA) and ‘choline-
not-applied’ (CNA) conditions (N vs T)

Sl. Parameters L. C. C. A.
No rohita | catla |batracus |testudineus
| 1] % WG 45.83|35.30| 24.99 10.00
| 2] SGR % per day| 19.55 [16.46 | 17.54 6.49
| 3] Survivability %] 20.00 | 20.00 | 21.43 21.43
| 4 ] PER 36.92 |27.57| 9.04 3.87
| 5 ] HSI % 46.07 | 43.32| -31.78 -28.60
| 6 | FCR -43.01|-38.54| -34.12 -25.15
LGrowt FE 75.70 | 62.50 | 60.00 50.00
| 8 CF 293.36|146.00] 33.33 0.00
19 | VSI % -48.74|-41.14| -22.72 -19.42
110 | IPF % -64.18|-52.04| -51.60 -44.84
111 RLG % 12.97 |10.04| 22.15 13.04
112 | I1S1 % 31.74 | 25.77 | -39.40 -40.50
TP Cycle
13 1pigha-t (kg) 75.00 | 62.37| 51.79 33.57

4. Discussion

Inclusion of choline chloride into the pond water attributed a
positive effect in the gwowth performance which has been
indicated by the results of improved growth of the test fishes
under choline supplementation, the findings of ourselves
resembled like in juvenile red drum (Sciaenops ocellatus) 54,
on juvenile hybrid tilapia *® and juvenile Jian carp (Cyprinus
carpio var. Jian) 4, In the present study, the %WG, SGR%,
PER, FE, CF, and TP depicted highest in L. rohita and lowest
in A. testudineus under choline exposure. On the other hand,
HSI and ISI showed an increasing trend and were maximized
in L. rohita; minimized in C. catla, while, the same was
declined in air-breathing  fishes under choline
supplementation. Moreover, RLG depicted the elevating
trend and was maximised in C. batracus; minimised in C.
catla under choline exposure in comparison to their CA
groups. This phenomenon occurred in the present study may
be due to improved intestine condition and higher utilization
of intake-food; as depicted in juvenile Jian carp (C. carpio)
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with the elevation of dietary choline 2, In addition to that,
the survivability rate was observed higher in air-breathing
fish species than Indian Major Carps (IMC) under CA
condtion. FCR, VSI, and IPF values were gradually declined,
showing maximum in L. rohita and minimum in A.
testudineus; finally, the TP displayed highest in L. rohita and
decreased significantly in A. testudineus in comparison to
their CNA groups. Addition of choline in the diet showed
persistant weight gain, survivability rate, SGR% and FE in C.
carpio ', hybrid striped bass (Morone saxatilis x Monrone
chrysops) 81 and in yellow perch (%1, Sg, it can be inferred
that the live weight may be gained with the proper intake of
protein and PER may also be enhanced in CA group of fishes
due to its proper utilization B3 Decreased IPF,VSI in all
experimented fishes in the CA condition were obtained due
to reduced lipid deposition in viscera, and body lipid
accumulation for the abundance of phosphatidylcholine B
%61 thus, resulting into depletion of FCR and elevation of PER
and thus, finally, the total production (TP) was gained,
similar to Totoaba macdonaldi when fed with increasing
level of dietary soybean meal 2, Similarly, enhanced fish
growth has been attributed to C. carpio, var. Jian, when fed
with xylanase exogenously B° and probiotics (Bacillus
strains) added L. rohita 7381, Significant increased HSI, ISI
in IMCs, and decreased HSI, ISl in air-breathing fishes under
CA condition were the marked findings at field condition
which may be due to supplementation of choline that
enhanced hepatopancreas growth and development, leads to
hike in HSI index in experimental-IMCs alike in C. carpio,
var. Jian, fed with exogenous xylanase up-to an optimum
level B9 and/or increase in pancreatic protein content alike
boiler [ and/or some metabolic and physiological
acceleration in spawning phase as found in blunt snout bream
(Megalobrama amblycephal), exposed to choline B4
improved intestinal growth as found in C. carpio var. Jian,
fed with choline [, Whereas, depletion of HSI and 1S index
in case of air-breathing fishes under choline exposure
possibly due to acceleration of oxidation rate of fatty acids in
different tissues, leading to increased catabolism of lipid and
able to reduce hepatic lipid accumulation, alike in choline
supplemented juvenile cobia (Rachycentron canadum), in its
diet 1, and/or reduced liver size owing to partially liver
steatosis, as found in silver perch [ after L-carnitine
supplementation; partial flaccidity and thinner layer in the
intestine, alike Totoaba macdonaldi, fed with high Soyabean
meal 21,

5. Conclusion

Application of choline chloride directly into the pond water
resulted into maximum production of L. rohita which was
evidenced from its maximum feed intake, lowest FCR,
highest SGR and CF values based on the emphasis on the
experimental ratio of culture. Finally, it can be established
that the fishes provided with this additional progenitor as
supplementation into the pond water, resulted in an increased
growth through higher SGR%, better survivability rate, better
feed efficiency and decreased FCR, VSI and IPF index. So,
the choline chloride administration into the ponds’ water
directly under field trial through water attributed congenial
water quality and improved fish health with a higher yield
and this attempt (i.e., application procees of choline) was
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maiden in nature. Due to its ready bio-degradability, there
would be no risk of excessive accumulation in any stage of
the tropic level.

6. Conflict of Interest
Nil

7. Acknowledgments

The authors would like to thank the Head, Department of
Environmental Science, The University of Burdwan, WB,
India for procuring the laboratory and library facilities during
research and to DST-FIST, Govt. of India for providing
laboratory equipment, machinery to carry forward the
research. We solemnly acknowledge as well as appreciate the
supports from the Department of Fisheries, Govt. of West
Bengal, India, and the Chandimata Fish Farm of Chandimata
Self Help Group (SHG, linked with scientific fish farming),
Khano, Purba Bardhaman, West Bengal, India.

8. Funding information

No such fund form any agency (Govt./ non-Govt/Govt
undertaking etc.) was available to conduct this research
program.

9. References

1. Halver JE. Nutrition of Salmonoid Fishes: Ill. Water-
Soluble Vitamin Requirements of Chinook Salmon. The
Journal of Nutrition. 1957, 62(2):225-
243. d0i:10.1093/jn/62.2.225

2. Qgino C, Uki N, Watanabe T, lida Z, Ando K. B vitamin
requirements of carp. 4. Requirement for
choline. Bulletin of the Japanese Society of Scientific
Fisheries. 1970; 36(11):1140-1146.

3. NRC (National Research  Council).  Nutrient
Requirements of Fish and Shrimp. National Academic
Press, Washington, D.C, 2011.

4. Zeisel SH. Choline deficiency. The Journal of
Nutritional Biochemistry. 1990; 1(7):332-
349. doi:10.1016/0955-2863(90)90001-2

5. Zeisel SH. Choline: an essential nutrient for humans.
Nutrition. 2000; 16(7-8):669-671. doi:10.1016/s0899-
9007(00)00349-x.

6. Zeisel SH, Blusztajn JK. Choline and Human Nutrition.
Annual Review of Nutrition. 1994; 14(1):269-
296. doi:10.1146/annurev.nu.14.070194.001413

7. McDowell LR. Vitamins in animal and human nutrition.
John Wiley & Sons. Second Edition. lowa State
University Press. ISBN 0-8138-2630-6, 2008.

8. Wauben IPM, Wainwright PE. The Influence of
Neonatal Nutrition on Behavioral Development: a
Critical Appraisal. Nutrition Reviews. 1999; 57(2):35-
44, d0i:10.1111/].1753-4887. 1999.tb01776.x

9. Craig SR, Gatlin DM IIl. Growth and body composition
of juvenile red drum (Sciaenops ocellatus) fed diets
containing  lecithin and  supplemental  choline.
Aquaculture. 1997; 151(1-4):259-
267. d0i:10.1016/s0044-8486(96)01479-2

10. Shiau SY, Lo PS. Dietary Choline Requirements of
Juvenile Hybrid Tilapia, Oreochromis niloticus x O.
aureus. The Journal of Nutrition. 2000; 130(1):100-
103. d0i:10.1093/jn/130.1.100

39


http://www.fishjournals.com/

International Journal of Fisheries and Aquatic Research

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Wu P, Feng L, Kuang SY, Liu Y, Jiang J, Hu K, et al.
Effect of dietary choline on growth, intestinal enzyme
activities and relative expressions of target of rapamycin
and elF4E-binding protein2 gene in muscle,
hepatopancreas and intestine of juvenile Jian carp
(Cyprinus carpio var. Jian). Aquaculture. 2011; 317(1-
4):107-116. doi: 10.1016/j.aquaculture.2011.03.042
Rumsey GL. Choline-betaine requirements of rainbow
trout (Oncorhynchus mykiss). Aquaculture. 1991; 95(1-
2):107-116. doi:10.1016/0044-8486(91)90077-k
Twibell RG, Brown PB. Dietary Choline Requirement of
Juvenile Yellow Perch (Perca flavescens). The Journal
of Nutrition. 2000; 130(1):95-
99. do0i:10.1093/jn/130.1.95

Khosravi S, Jang JW, Rahimnejad S, Song JW, Lee
KJ. Choline Essentiality and Its Requirement in Diets for
Juvenile Parrot Fish (Oplegnathus fasciatus). Asian-
Australasian Journal of Animal Sciences. 2015;
28(5):647-653. doi:10.5713/ajas.14.0532

Ketola HG. Choline Metabolism and Nutritional
Requirement of Lake Trout (Salvelinus namaycush).
Journal of Animal Science. 1976; 43(2):474-
477. doi:10.2527/jas1976.432474x

Halver JE. The vitamins, In: Fish Nutrition (Eds. J. E.
Halver, and R. W. Hardy). 3rd edn. Academic Press; San
Diego, CA, USA, 2002, 61-140.

Wilson RP, Poe WE. Choline nutrition of fingerling
channel catfish. Aquaculture. 1988; 68(1):65-
71. doi:10.1016/0044-8486(88)90292-x

Griffin ME, Wilson KA, White MR, Brown PB. Dietary
Choline Requirement of Juvenile Hybrid Striped Bass.
The Journal of Nutrition. 1994; 124(9):1685-
1689. d0i:10.1093/jn/124.9.1685

Mai K, Xiao L, Ai Q, Wang X, Xu W, Zhang W, et al.
Dietary choline requirement for juvenile cobia,
Rachycentron canadum. Aquaculture. 2009; 289(1-
2):124-128. doi: 10.1016/j.aquaculture.2009.01.016
Zhang Z, Wilson RP. Reevaluation of the choline
requirement of fingerling channel catfish (lctalurus
punctatus) and determination of the availability of
choline in common feed ingredients. Aquaculture. 1999;
180(1-2):89-98. doi:10.1016/s0044-8486(99)00190-8
Lazo JP, Davis DA, Arnold CR. The effects of dietary
protein level on growth, feed efficiency and survival of
juvenile Florida pompano (Trachinotus carolinus).
Agquaculture. 1998; 169(3-4):225-
232. d0i:10.1016/s0044-8486(98)00384-6

Refstie S, Korsgen @J, Storebakken T, Baeverfjord G,
Lein I, Roem AJ, et al. Differing nutritional responses to
dietary soybean meal in rainbow trout (Oncorhynchus
mykiss) and Atlantic salmon (Salmo salar). Aquaculture.
2000; 190(1-2):49-63. doi:10.1016/s0044-
8486(00)00382-3

Alikunhi KH. Studies on Composite Fish Culture
production by compatible combinations of Indian and
Chinese Carps. J Ind. Fish. Assoc. 1972; 1(1):26-27.
Chaudhuri H, Chakrabarty RD, Sen PR, Rao NGS, Jena
S. A new high in fish production in India with record
yields by composite fish culture in freshwater ponds.
Aquaculture. 1975; 6(4):343-355. doi:10.1016/0044-
8486(75)90113-1

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

www.fishjournals.com

Jhingran VG. Fish and Fisheries of India. Hindustan
Publishing Corporation (India), Delhi, 1982.

Ayyappan S, Jena JK. Grow-Out Production of Carps in
India. Journal of Applied Aquaculture. 2003; 13(3-
4):251-282. doi:10.1300/j028v13n03_04

Ayyappan S, Ahmad-Ali S. Analysis of feeds and
fertilizers for sustainable aquaculture development in
India. In M.R. Hasan, T. Hecht, S.S. De Silvaand A.G.J.
Tacon (eds) Study and analysis of feeds and fertilizers
for sustainable aquaculture development. FAO Fisheries
Technical Paper. No. 497. Rome, FAO, 2007, 191-219.
APHA. In: Rice, EW., Baird, R.B., Eaton, A.D.,
Clesceri, L.S. (Eds.). Standard Methods for the
Examination of Water and Wastewater, 22th ed.
American Public Health Association, American Water
Works Association, Water Environment Federation,
Washington, DC, USA, 2012.

Folch J, Lees M, Stanley GS. A simple method for the
isolation and purification of total lipids from animal
tissues. Journal of biological chemistry.
1957; 226(1):497-509.

Jiang TT, Feng L, Liu Y, Jiang WD, Jiang J, Li SH, et
al. Effects of exogenous xylanase supplementation in
plant protein- enriched diets on growth performance,
intestinal enzyme activities and microflora of juvenile
Jian carp (Cyprinus carpio var. Jian). Aquaculture
Nutrition. 2014; 20(6):632-645. doi:10.1111/anu.12125
Li JY, Li XF, Xu WN, Zhang CN, Liu WB. Effects of
dietary choline supplementation on growth performance,
lipid deposition and intestinal enzyme activities of blunt
snout bream Megalobrama amblycephal fed high-lipid
diet.  Aquaculture  Nutrition. 2016; 22(1):181-
190. doi:10.1111/anu.12231

Fuentes-Quesada JP, Viana MT, Rombenso AN,
Guerrero-Renteria Y, Nomura-Solis M, Gomez-Calle V,
et al. Enteritis induction by soybean meal in Totoaba
macdonaldi diets: Effects on growth performance,
digestive capacity, immune response and distal intestine
integrity.  Aquaculture.  2018;  495:78-89. doi:
10.1016/j.aquaculture.2018.05.025

Hardy RW, Barrows FT. Diet Formulation and
Manufacture. Fish Nutrition, 2003, 505-
600. doi:10.1016/0b978-012319652-1/50010-0

Craig SR, Gatlin DM lII. Dietary Choline Requirement
of Juvenile Red Drum (Sciaenops ocellatus). The Journal
of Nutrition. 1996; 126(6):1696-
1700. doi:10.1093/jn/126.6.1696

Bureau DP, Azevedo PA, Tapia-Salazar M, Cuzon G.
Pattern and cost of growth and nutrient deposition in fish
and shrimp: Potential implications and
applications. Avances en nutricion acuicola, 2000.
Tocher DR. Metabolism and Functions of Lipids and
Fatty Acids in Teleost Fish. Reviews in Fisheries
Science. 2003; 11(2):107184. doi:10.1080/713610925
Giri SS, Sukumaran V, Sen SS, Jena PK. Effects of
dietary supplementation of potential probiotic Bacillus
subtilis VSG1 singularly or in combination with
Lactobacillus plantarumVVSG3 or/fand Pseudomonas
aeruginosa VSG2 on the growth, immunity and disease
resistance of Labeo rohita. Aquaculture Nutrition. 2014;
20(2):163-171. doi:10.1111/anu.12062

40


http://www.fishjournals.com/

International Journal of Fisheries and Aquatic Research

38.

39.

40.

41.

Mukherjee A, Chandra G, Ghosh K. Single or conjoint
application of autochthonous Bacillus strains as potential
probiotics: Effects on growth, feed utilization, immunity
and disease resistance in Rohu, Labeo rohita (Hamilton).
Aquaculture. 2019; 512:734302. 1-15. doi:
10.1016/j.aquaculture.2019.734302

Engberg RM, Hedemann MS, Steenfeldt S, Jensen
BB. Influence of Whole Wheat and Xylanase on Broiler
Performance and Microbial Composition and Activity in
the Digestive Tract. Poultry Science. 2004; 83(6):925-
938. doi:10.1093/ps/83.6.925

Yang SD, Liu FG, Liou CH. Effects of dietary L-
carnitine, plant proteins and lipid levels on growth
performance, body composition, blood traits and
muscular carnitine status in juvenile silver perch
(Bidyanus bidyanus). Aquaculture, 2012, 342-343. 48—
55. doi: 10.1016/j.aquaculture.2012.02.002

AOAC. Official Methods of Analysis of the Association
of Official Analytical Chemists, 19th ed. Association of
Official Analytical Chemists, Inc., Andlid, 2012.

www.fishjournals.com

41


http://www.fishjournals.com/

