EFFECTS OF COMMERCIAL FEEDING
WITH DIFFERENT PROTEINS

ON THE GROWTH OF G6 TRANSGENIC
MUTIARA CATFISH IN BUDIKDAMBER
REARING

ABSTRACT

This research was conducted in the Hatchery Building 4 Faculty of Fisheries and Marine Science,
Padjadjaran University. The implementation started from July to September 2023. The purpose of
this study was to test the growth performance of G6 transgenic mutiara catfish by feeding
commercial feed containing different proteins to induce growth rate and protein use efficiency. The
treatment design used the complete randomized design (CRD) method with four treatments (A:
39% feed protein; B: 32% feed protein; C: 20% feed protein; and D: 37% feed protein (mixture of
pindangtongkol and PF.1000)) with three replications. Data were analysed using Sigmaplot 15.0
for absolute weight gain (Wg), feed conversion ratio (FCR), protein retention (RP), and protein
productive value (PPV) and using Duncan Multiple Range Test (DMRT) with 95% confidence
level. The results showed that treatment A gave the best results on the value of Wg (average
weight gain of 4619 g + 344.3 g) and the lowest FCR (0.63 £ 0.058), and the best protein retention
and PPV values were shown in treatment B, as follows 19.24% and 17.4%.

Keywords:Transgenic Fish, Feed Protein, WG, FCR, RP, PPV



1. INTRODUCTION

Catfish is one of the -carnivorous
freshwater fish. Carnivorous species basically
require feed with high protein content [1]. Protein is
the most expensive component in most fish feeds
and accounts for as much as 40-70% of the
cultivation process [2], The development of catfish
farming in recent years, has been intensified by
increasing stocking densities and feeding rates [3].
The main biological function of feed in fish as a
source of energy used for growth, activity, and
reproduction. Therefore, the feed given must fulfil
the standard energy requirements for fish such as
protein, fat, and carbohydrates [4]. Most fish will
use energy derived from protein as basic needs
and growth [5].

Optimal dietary protein requirements for
several catfish species have been determined at
different growth stages and under various
conditions. Protein is one of the main substances
that are essential for achieving optimal growth [6].
In addition, protein is also the main source of
energy for fish [7]. Growth is a complex process
and involves a number of hormones such as
growth hormone. A comprehensive approach is
needed to improve growth that involves various
factors, both endogenous and exogenous factors,
including genetic factors, nutrition, hormones,
cultivation techniques, pests and diseases and the
environment [8].

Fish growth is also influenced by genetic
factors, which are genes that come from the fish
itself which will describe the growth rate of fish.
Each fish has a growth hormone that functions to
spur the process of protein synthesis [9].
Therefore, it is necessary to conduct a study that
tests the acceleration of growth of transgenic
catfish to reach the size of consumption using
commercial feed with different protein content. The
best growth will be determined by the value of Wg,
FCR, RP and PPV in the growth test.

2. MATERIALSANDMETHODS

This research was conducted from July to
September 2023, at the Hatchery Building 4,
Faculty of Fisheries and Marine Science,
Padjadjaran University. The materials used in this
study were G6 transgenic mutiara catfish
fingerlings measuring 8.5-10.5 cm (45 days old),
using commercial feed (Prima Feed-1000 with a
protein content of 39%, Hi ProVite 781-2 with a
protein content of 32%, Turbo 78-3A with a protein
content of 20%, and a mixed feed of
pindangtongkol and PF-1000 with a protein content
of 37%).

2.1 Research Design

The study was conducted experimentally
with four treatments and three replications, the
treatments given were: Prima Feed 1000
commercial feed with 39% protein (treatment A), Hi
ProVite 781-2 commercial feed with 32% protein
(treatment B), Turbo 78-3A commercial feed with
20% protein (treatment C), and pindangtongkol
and Prima Feed 1000 mixed feed with 37% protein
(treatment D). Feed was given as 5% of the total
biomass weight and given twice a day. The
research design used was a completely
randomised design.

2.1.1 Preparation for implementation

Fill each bucket with a water capacity of 60
L, followed by setting up an aeration installation
and heating installation at 28 °C, then put 60 test
fish into each bucket of each treatment that has
been labeled, covered with a bucket cover.

2.1.2 Implementation of research

The research was conducted for 56 days and
observations were made every 7 days, each
bucket was filled with 60 fish and initial weight
measurements were taken before being put into
the bucket, feeding was done twice a day at 08.00
and 16.00 WIB. Water quality measurements were
taken every day including pH, temperature, and
DO (dissolved oxygen) parameters. Parameters
observed to assess growth performance and feed
efficiency were as follows:

a. Absolute Weight Growth

Absolute growth is measured by calculating the
body weight of the fish and measuring the length of
the fish body every 7 days, the calculation of
absolute growth is done using the absolute weight
growth formula [10].

AW =Wt - W,
AW = Growth in absolute weight (g)
Wt = Fish weight at the end of rearing (g)
Wy = Initial fish weight rearing ()

b. Feed Conversion Ratio (FCR)

Feed conversion ratio is measured by calculating
the amount of feed consumption during
maintenance divided by the total weight gain at the
end of the study (if there is a dead weight added to
the final weight) using the feed conversion ratio
formula, namely [11].

FCR= —
(Wt + D) — Wo

FCR = Feed Conversion Ratio
F = Amount of food eaten by fish



Wt = Final weight of fish (g)
INg = initial weight of fish (g)
D = Weight of dead fish (g)

c.Protein retention

Protein retention can be known by analyzing the
proximate protein of the fish body at the beginning
and end of maintenance and divided by the
amount of protein consumed during maintenance.
The formula for protein retention is as follows [12] :

Rp = FPIP) 00
PR = Protein retention
Fp =Amount of fish body protein at the
beginning of rearing (g)
Lp =Amount of body protein at the end of
maintenance (g)
P =Total protein consumption during rearing

d. Protein Productive Value

Protein productive value (PPV) is also known as
protein utilization efficiency [13]. protein productive
value is used to evaluate the protein in feed by the
ratio between the protein retained in the fish tissue
and the dietary protein fed. PPV is determined by
carcass analysis of fish samples taken before and
after feeding with the evaluated protein, and is
generally expressed as the percentage of protein
retained from the feed given. The protein
productive value formula is as follows [14]:

PPV
(GWt x Fp) — RWO0 x Ip))

h Ft
PPV  =Protein Productive Value (%)
Wy = Initial fish weight means(g)
Wt = Fish weight final means(g)
Ip = Amount of fish body protein at the

beginning of rearing (g)

Fp = Amount of body protein at the end of

maintenance (g)
Ft = Total Feed
Mix Protein =Amount of mixed protein

e.Water Quality

During maintenance, water quality measurements
were taken, namely acidity (pH), dissolved oxygen
(DO) and temperature. These measurements were
taken every day.

2.2 Data Analysis

The data obtained were analyzed with Analysis Of
Variance (ANOVA) with a confidence level of 95%
and if there is a significant difference, it will be
continued with the Duncan Multiple Range Test
(DMRT) using Sigmaplot 15.0 software

3. RESULTS AND DISCUSSION

3.1 Absolute Weight Growth

ANOVA test results show that the growth of
absolute weight gain through feeding with
different protein content significantly affects the
weight gain of transgenic mutiara catfish. The
value of absolute weight gain growth (Figure 1).
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x Mix Protein (%) Figure 1. Absolute weight growth. A (39% feed

protein); B (32% feed protein); C (20% feed
protein); D (37% mixed feed protein).

The results of the analysis showed that the
absolute weight gain of G6 transgenic Mutiara
catfish seeds reared for 56 days increased in each
treatment between 686.63 and 4619.1 g (Figure 1).
The highest absolute weight gain value was in
treatment A at 4619.1 g (39% feed protein),
followed by treatment B with a value of 4391.9 ¢
(32% feed protein), Treatment D with a value of
42744 g (37% feed protein). ; a mixture of
pindangtongkol 35% and commercial feed 65%),
and treatment C with a value of 686.63 g (feed
protein 20%).



Table 1. Growth of G6 Transgenic Mutiara Catfish (Weight Gain)which conducted during

the 56-day study.

Initial Final
Treatment Biomass Initial Fish Size Biomass Final Fish Size
(9) (9)
A 483.57 5102.67
B 507.83 4899.73
C 436.03 1122.67
D 390.57 4665.00

Description: Weight gain of TG.G6 mutiara catfish during 56 days of rearing. Treatment A (feed protein
39%); B (feed protein 32%); C (feed protein 20%); D (mixed feed protein pindangtongkol and PF.1000

(37%))

Fish growth is influenced by the level of feed
protein content and complete nutrition including
the availability of essential amino acids that are
important for fish growth [15]. The absolute weight
growth rate is obtained by calculating the total fish
biomass at the end of rearing minus the total fish
biomass at the beginning of rearing expressed in
grams. According to the data presented in
(Table.1), an observable escalation in fish
biomass weight is evident from the initial
stagesand end during the study in each treatment.
In treatment A, the increase was quite high,
namely (483.57 g to 5102.67 g); Treatment B
(507.83 g to 4899.73 Q); (treatment C of 436.03 to
1122.67); and treatment D (390.57 g to 4665 g@).
The weight growth data presented in (Table.1)
reveals a notable increase in absolute weight gain,
and this can be attributed to the elevated protein
content in the feed. This increase in protein
content is identified as a contributing factor to the
enhanced growth observed in G6 transgenic
Mutiara catfish. Effective and optimal utilisation of
feed will make the feed consumed by the fish is

actually utilised as the intake of fish nutrients
needed for its growth [16].It can be seen in
(table.1) that transgenic fish fed with 39% protein
content can optimise protein intake in feed and
can maximise fish growth rate. When compared to
feeding with 20% protein content, fish tend to grow
slowly and are less able to optimise the intake of
feed nutrients used for growth.

The presence of the CgGH hormone insert
promotes increased growth of transgenic catfish.
fed with test feed with protein content >30%
showed significant growth compared to test fish
fed with 20% protein content. High protein content
in the feed promotes increased expression of the
CgGH gene which stimulates IGF-I production.
The high growth performance in transgenic fish is
a compensation for the presence of exogenous
GH (CgGH) that activates increased feed protein
synthesis which is converted into increased
growth of transgenic fish [17]. Research results on
transgenic coho salmon have a higher ability to
use carbohydrates as energy to store proteins and
lipids, thus supporting higher growth [18]. The



induction of increased growth in CgGH transgenic
catfish is mainly due to increased expression of
exogenous GH, which stimulates IGF-1 production
in the liver. Increased GH secretion plays an
important role in stimulating fish growth, improving
feed conversion, and increasing protein utilisation
efficiency. This increased protein use efficiency
favours faster growth. Growth hormones, including
transgenic GH, also function to increase amino
acid uptake, especially essential amino acids that
cannot be intrinsically synthesised in the fish body
[19].

3.2 Feed Conversion Ratio (FCR)

The results of the ANOVA test showed that feeding
with different protein levels had a significant effect
on the FCR of G6 transgenic mutiara catfish. FCR
value in each treatment can be seen in Figure 2.
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Figure 2. Feed Conversion Ratio. Treatment A
(feed protein 39%); B (feed protein 32%); C (feed
protein 20%); and D (mixed feed protein 37%)

Food convertion ratio is a parameter to determine
and measure how efficiently the feed given can be
converted into growth. There is obtained by
knowing the amount of feed given divided by the
final weight of the fish plus the amount of dead fish
weight during maintenance minus the weight of the
fish at the beginning of maintenance. The
observation data listed in Figure 2 shows that there
is a significant difference in the feed conversion
ratio of each treatment (P<0,05). The value of the
feed conversion ratio of transgenic mutiara catfish
treatment (C) of 1.63 is significantly different from
treatment A of 0.63, B of 0.77, and treatment D of
0.83. The results of the analysis showed that the
lowest FCR value was obtained in treatment A
which was 0.63, while the highest FCR value was
found in treatment C which was 1.63. The lower
the feed conversion ratio value obtained, the better
the optimisation of the feed utilisation given.

The high FCR value is due to the feed used in
treatment C is a feed with low protein (20%

protein), while the optimal fish need for protein to
meet the normal growth of catfish is 30 - 36% [20].
The lower the feed conversion ratio value
illustrates that the quality of the feed provided is
getting better, so that it will have an impact on the
efficiency of feed utilisation [21]. This s
inseparable from the addition of hormone inserts in
transgenic fish which have an impact on the feed
consumed by fish. Exogenous GH can affect
lipolysis and gluconeogenesis. [22], GH also has
an effect in promoting protein synthesis and
converting lipids into proteins. As a result,
transgenic fish treated with high protein feed have
a greater ability to convert feed protein into growth
(body weight gain). As a consequence, the weight
gain of the fish is greater than the amount of feed
consumed and leads to a low FCR value (high
feed efficiency value).

In the previous study showed that the FCR value
of G5 transgenic mutiara catfish showed (average
1.25-2.27), while the feed conversion value of G6
transgenic mutiara catfish showed a value
(average 0.63-1.63) these results showed that G6
transgenic fish experienced better feed conversion
ratio development and were more optimal when
compared to previous generations. This is
influenced by the expression of GH transgenic fish
can increase the efficiency of feed use, in
accordance with research on transgenic salmon
showing that GH overexpression can generally
increase fish growth, increase feed use efficiency,
and increase body protein [23].

3.3 Protein Retention

The results of the ANOVA test show that feeding
with different protein levels has a significant effect
on the protein retention value of transgenic mutiara
catfish. The value of protein retention in each
treatment showed in Figure 3.
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Figure 3. Protein retention. Treatment A (39% feed
protein); B (32% feed protein); C (20% feed
protein); and D (37% mixed feed protein)

The protein retention value shows the percentage
of protein weight stored by the body. As the results
of the Duncan's Multiple Range Test (DMRT),



treatment B exhibited the highest protein retention
value at 19.24%, whereas treatment C displayed
the lowest retention value at 9.61%.The findings
suggest that treatment B (32%) demonstrates a
more efficient utilization of protein. This indicates
that the higher the protein retention value obtained,
it shows the percentage of protein that is stored
and made into new tissues by fish during
maintenance [24].

The low value of protein retention in treatment C is
due to the low level of protein contained in the
feed. Previous research stated that the retention
value of feed protein is determined by the source
of protein used in the feed and is closely related to
the quality of protein which is determined by the
composition of amino acids and fish needs for
these amino acids [25]. The presence of non-
protein energy (carbohydrate and fat) reduces the
breakdown of protein into energy (protein sparring
effect) so that the value of protein retention
increases and ammonia excretion decreases.
Exogenous hormone administration can increase
protein retention. The value of protein retention in
transgenic fish given exogenous GH inserts shows
a higher value compared to nontransgenic, it can
be seen that the provision of exogenous GH
inserts can increase the utilisation of non-protein
nutrients as a source of energy (protein sparring
effect) [26].

Protein retention is used as one of the parameters
that can describe the effectiveness of the use of
feed protein to be converted into growth and
obtained by analysing the protein content of fish at
the beginning and end of the study [27].Through
the conducted calculations, it is evident that the
diminished protein retention in treatment C can be
attributed to the feed protein content falling below
20%. This indication illustrates that the feed protein
absorbed by the fish is lower than treatments A
(39% feed protein), B (32% feed protein) and D
(37% mixed feed protein). Previous research
indicates that feeds with low protein content lead to
a deficiency in the protein acquired by fish from
their diet, prompting a tendency for fish to convert
non-protein  nutritional components, such as
carbohydrates and fats, into protein. [28].
Increased feed efficiency in transgenic mutiara
catfish leads to an increase in final biomass
weight. This effect represents the relationship
between CgGH overexpression and protein, where
exogenous GH can convert feed fat and
carbohydrates into metabolic energy sources to
replace protein (protein sparring effect) [29].
Therefore, feed protein can be optimally utilised to
promote the growth of transgenic fish. The
indication of final biomass weight gain was
associated with a significant increase in body
protein content and a decrease in FCR values in
transgenic fish compared to non-transgenic fish.
The positive effect of GH transgenesis is related to
the increase in body protein content of fish
resulting from the conversion of non-protein feed
nutrients into protein (protein sparing effect).

3.4 Protein Productive Value

The results of the ANOVA test showed that feeding
with different levels of protein had a significant
effect on the protein productive values of the
transgenic mutiara catfish. The protein
productivevalues of each treatment can be seen in
Figure 4.
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Figure4.Protein Productive Value. Treatment A
(feed protein 39%); B (feed protein 32%); C (feed
protein 20%); D (mixed feed protein 37%)

Protein Productive Value is the ratio of fish body
protein at the end of maintenance to feed protein
consumed to be utilised for growth [30]. The
average protein productive value in all treatments
ranged from 8.15-17.44% (Figure 4).The analysis
test showed that G6 transgenic mutiara catfish in
treatment C had the lowest protein productive
value of 8.15% with 20% feed protein and the
highest in treatment D worth 17.44% with 37%
feed protein. Meanwhile, the PPV value of G6
transgenic Mutiara catfish in treatment A with 39%
feed protein and treatment B with 32% feed protein
were 16.67% and 17.41%, respectively.

The PPV value for G3 transgenic mutiara catfish is
6.94-12.3%, while for non-transgenic catfish it is
4.39% [31] and for transgenic tilapia 15-20% [32].
In G6 transgenic mutiara catfish, there was an
increase in PPV value (8.15-17.44%) when
compared to G3 transgenic mutiara catfish. This
increase in PPV is thought to be related to
increased expression of the CgGH gene, which is
associated with the promotion of protein synthesis.
This indication is reinforced by the results of a
previous study that exogenous GH induces
glycolytic enzymes in transgenic coho salmon,
which causes catabolism of carbohydrates and
lipids to produce metabolic energy and leads to
increased protein storage in the body [33].

The higher the PPV value, the more efficient the
fish is in using protein for growth. show in Figure 4
that the higher the protein content in the feed, the
more efficient the fish's ability to convert protein in



the feed into body protein. The results of research
on asela fish also show that the percentage of PPV
will increase with increasing protein in the feed
[34].

3.5 Water Quality

Water quality plays an important role in supporting
the survival of catfish. Water quality measured for
56 days in the study were temperature, pH, and
dissolved oxygen (DO) levels. The average value
of water quality can be seen in Table 2.

Table 2.Water Quality

Water Quality Observation Results

Suhu (°C) 28 — 30
pH 6,5— 8,0
DO (mg/L) 3,654

Water quality affects the growth process of fish.
When the temperature increases, it will increase
the appetite of the fish. However, an increase in
temperature that is too high will also cause an
increase in ammonia toxicity. When ammonia
increases, dissolved oxygen levels become low,
the presence of ammonia in water can also cause
reduced oxygen binding capacity by blood grains,
this will cause fish appetite to decrease and inhibit
fish growth [35]..

4 CONCLUSION

The use of different commercial feeds has a
significant effect on the test analysis carried out,
the higher the protein value contained in the feed
will make a difference to the value of the analysis
test carried out. It is proven that the best treatment
for the growth of transgenic mutiara catfish G6 is
obtained in treatment A (39% feed protein)
showing the highest results of 4619.1 g, as well as
providing the best retention and ppv values of
19.24% and 17.44%.
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