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ABSTRACT
he study was conducted at wet laboratory of Faculty of Fisheries, Rangil, Ganderbal, SKUAST-Kashmir, India from the

time period of March to June, 2019 on scale carp fingerlings (Cyprinus carpio var. communis) to determine the growth

performance by measuring RNA:DNA ratio in scale carp after fed with dietary protein level. The fingerlings were fed with
three different levels of silkworm pupae supplement [17.51 g 100 g (T)), 14.42 g 100 g (T), 11.33 g 100 g (T,)] and a
control in which no silkworm pupae was included. RNA:DNA ratio were highest in T (1.609), followed by T, (1.526) and T,
(1.239) while the control showed the lowest ratio (0.929). Similarly, fingerlings fed with Silkworm pupae supplemented diets
(T,, T,and T,) exhibited relatively better growth in terms of body weight gain, % weight gain, specific growth rate (SGR), feed
conversion ratio (FCR) and protein efficiency ratio (PER) as compared to the control. The highest weight gain of 2.4 g was
recorded in T, followed by T, (2.09 g) and T, (1.52 g) while the control achieved the lowest weight gain of 0.72 g. Overall, the
results revealed that T’ performed better as compared to the rest treatments and control. In general, the RNA:DNA ratio and
growth results correlate with each other in different treatments and control. So, RNA:DNA ratio seems to be as an effective
and rapid indicator of growth performance.
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1. INTRODUCTION

quaculture production has the potential to break

the unavailability of the food line and can provide
a nutritious diet to the growing population (Troell et al.,
2014). The growth of aquaculture demands more use of
teed with high protein content for the proper growth and
functioning of fish. At the same time, the high cost of the
feed due to expensive protein sources limits the start of new
fish farms which necessitates the search for a cheap protein
source (Luthada-Raswiswi et al., 2021). The Silkworm
Bombyx mori L. is a nocturnal moth and pupae containing
48.7% protein (Rao, 1999). Carp fishes like all other animals
must consume protein to maintain a continuous supply of
amino acids. In the present study, the effect of silkworm
pupae on the growth of common carp, (Cyprinus carpio
Linnaeus, 1758) was evaluated.

Nucleic acids (i.e., RNA and DNA) play a major role in
the growth and development of organisms (Clemmesen,
1994). The RNA: DNA ratio or simply the quantification
of a nucleic acid ratio is a simple technique available that
provides a short-term measure of the condition of fish
(Bulow, 1970, Gwak and Tanaka, 2001). The technique
is based on the simple notion that within individual cells,
DNA concentrations remain fairly constant and it is RNA
that varies which in turn increases the protein synthesis
(Buckley, 1980, Ferron and Leggett, 1994, Suthers et
al., 1996). Thus RNA:DNA ratio is an indicator of the
protein-synthesizing potential of a cell (Sivaraman et
al,, 2011). In general, RNA:DNA is relatively high in a
well-fed, metabolically active, growing fish compared to
a starving, sluggish and metabolically inactive individual
(Richard et al., 1991). The measurement of RNA:DNA
ratios have several advantages over other methods to
quantify the condition of the fish and more importantly
it exactly provides insights into the recent health status of
a fish (Jena et al.,, 2011,). This prevents the cumbersome
traditional measures of growth and condition in which
the history of feeding is integrated with the energetic
utilization over the whole lifetime of an organism (Buckley
etal., 1999).

There are multiple sources of variations that reflect
the RNA: DNA ratio and the primary sources include
methodological, ontogenetic, and temperature effects (Foley
etal., 2016). Temperature influences physiological processes
and affects RNA/DNA ratios and the somatic growth rate
in a variety of larval fish species (Buckley, 1984, Buckley et
al., 1984, Buckley et al., 1990, Clemmesen, 1996, Folkvord
etal., 1996, Garcia et al., 1998, Kono et al., 2003). The fish
may show cyclical differences in the ratio throughout the
day due to different feeding regimes and endocrine activity
rather than changes in temperature (Rooker and Holt, 1996,
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Ching et al., 2012).

RNA: DNA ratio has been used in many studies to study the
growth rate of fish like, mrigal, C. mrigala (Zehra and Khan,
2017a), Nile tilapia, O. niloticus (Zehra and Khan, 2017b),
rohu, L. rohita (Abidi and Khan, 2009, Siddiqua and Khan,
2022), and catla, C. catla (Zehra and Khan, 2013).

Keeping in view the advantages of the RNA:DNA as an
indicator of growth in animals and its scarce use in the
fishes of Jammu and Kashmir, the present work was carried
out in Cyprinus carpio var. communis. The fish was fed with
different graded levels of proteins from silk-worm pupae and
the changes in RNA:DNA ratio was measured to indicate
changes in the growth.

2. MATERIALS AND METHODS

2.1. Experiment

The study was carried out at wet laboratory of the Faculty
of Fisheries, Rangil, Ganderbal, SKUAST-Kashmir, India
from the time period of March to June, 2019. The study
was conducted in different phases to achieve the desired
objectives.

2.2. Fish procurement and transportation

The scale carp fingerlings of uniform size (4+1 g) were
procured from the Faculty of Fisheries, Shuhama fish farm,
SKUAST-K.

2.3. Fish rearing and experimental design

The experimental design consisted of 3 treatments and a
control. All the treatments and control were supported by 4
replicates (R1, R2, R3 and R4) with 10 fish in each replicate
following a CRD (Completely Randomized Design). The
aeration was maintained in all the experimental tubs for
24 h throughout the experiment. The experimental trials
were conducted for 60 days. Feed was given @ 5%, twice
daily at 8:00 and 18:00 h. Faecal matter and uneaten feed
were siphoned out on alternative days with about 30%
water exchange. The diet regime was changed after every
15 days corresponding to the body weight of the fish.The
initial weight of fishes was taken on day one of the start of
the feeding trial, subsequently; the weight was monitored
after every 15 days over a period of 60 days.

Important water quality parameters like Water temperature,
dissolved oxygen, pH and total alkalinity were recorded
fortnightly.

2.4. Feed formulation

4 experimental diets with 35% crude protein were
formulated (Table 1). Four different diets with different
pupae concentrations were prepared. The diet control (C)
had no pupae in it, similarly three treatment diets designated
asT,, T,and T, were formulated containing silkworm pupae
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Table 1: Ingredient composition of experimental diets

Ingredient Inclusion rate (%)
Control T, T, T,
©
Fish meal 20.6 3.09 6.18 9.27
Silkworm pupae 0 17.51 14.42 11.33
Mustard oil cake 32.88 32.88 32.88 32.88
Rice bran 20.26  20.26 20.26 20.26
Wheat flour 20.26  20.26 20.26 20.26
Vegetable oil 5 5 5 5
Vitamin and mineral 1 1 1 1
mixture

at the rate of 15%, 30% and 45% respectively in addition to
the basal feed ingredients.

2.5. Sample collection

The ethical guidelines for handling the fish were strictly
followed. Initially one fish from each replicate were
anaesthetized by using clove oil (50 ul) (Misra et al., 2006)
and sacrificed for muscle tissue collection. Similarly, the
muscle tissue from all the treatments was collected after
15, 30, 45 and 60 days for the extraction of DNA and
RNA respectively. After each sampling, the tissues were
immediately processed for nucleic acid extraction.

2.6. Extraction of DNA and RNA

DNA extraction was carried out as per Ke et al. (2008).
Fresh Fish muscle was excised and processed for DNA
extraction. 0.3 g of tissue was homogenized in 430 ul of
extraction buffer (1 mM EDTA, 50 mM Tris, 0.05%
Tween 20). 250 ul of denaturing solution (4 M Guanidium
thiocyanate, 25 mM Sodium citrate pH 7.0, 0.5% Sodium
dodecyl sulfate and 0.1 Beta-mercaptoethanol) and 20 ul of
20 mg ml™ Proteinase K was added. Followed by incubation
at 56°C overnight and 100 ul of 2M Sodium acetate was
added and mixed. Vortexed again with an equal volume of
a Phenol: Chloroform: Isoamyl alcohol (25:24:1) mixture
for 10 s and kept on ice for 15 m and centrifuged at 10,000
g for 10 m at 4°C.. The next day, DNA was pelleted by
centrifuging at 10,000 g for 15 m at 4°C. The pellet was
washed with 1 ml of pre-chilled 70% ethanol dried at room
temperature and then dissolved in 50 ul of distilled water.

RNA Extraction was carried out as per Chomczynski
and Sacchi (2006). Fresh Fish muscle was excised and
processed for RNA extraction. 0.3 g of tissue was taken and
homogenised by motor and pestle and the tissue suspension
was transferred in 1.5 ml Eppendorf tube. An equal
volume of solution containing, sodium citrate, guanidium
thiocyanate and sodium dodecyl sulphate supplemented
with 3.6 ul of 2-mercaptoethanol was added. Vortexed for

w
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a few seconds and 100 ul of 2 M sodium acetate was added
and mixed. The mixture was vortexed again and an equal
volume of a Phenol:Chloroform:Isoamyl alcohol (25:24:1)
was added and kept on ice for 15 m and centrifuged at
10,000 g for 10 m at 4°C. The next day, RNA was pelleted
by centrifuging at 10,000 g for 15 m at 4°C. The pellet was
washed with 1 ml of pre-chilled 70% ethanol dried at room
temperature and then dissolved in 30 ul of distilled water.

2.7. Quality check and quantification of nucleic acids
2.7.1. Quality of DNA & RNA

Quality of nucleic acids was analysed on Agarose gel
electrophoresis as per Lee et al. (2012). Agarose gel
electrophoresis of DNA samples was carried out using
1-2% agarose in 1X Tris Borate-EDTA buffer (TBE, 10.8
g I tris base, 5.5 g I boric acid, 5 ml (0.5 M) EDTA pH
8.0, containing 5 pg ml! of ethidium bromide in both gel
and running buffer. Electrophoresis was carried out at 60
V for 2 h. DNA was visualized by illumination with UV
light (310 nm) and images were recorded as TIF files using
a digital 33-gel documentation system. Quantification of
DNA and RNA

Quantity of isolated DNA and RNA was determined by
UV spectrophotometer (Human corporation/systronicsas
per Barbasas et al.( 2007).

2.8. Growth parameters

The recorded data on weight were used for the calculation
of Feed Conversion Ratio (FCR) and Specific Growth Rate
(SGR). On each sampling day, the SGR or % body weight
increase day ' and FCR for all the experimental groups was
calculated according to Ricker (1979) as follows,

SGR=(Ln of Final weight-Ln of Initial weight)/time
interval in daysx100.............. (1)

FCR=(Feed given (Dry weight))/Weight gain(wet
)

PER=(wet body weight gain (g)/(protein intake (g)) .....(3)
2.9. Statistical analysis of the experimental data

The data were statistically analysed by SPSS version 20
(USA). Experimental data were subjecte the statistical
analysis following the (Completely Randomized Design)
CRD. Data were subjectea d to one-way analysis of variance
(ANOVA), followed by Duncan’s Multiple Range Test.
<0.05 was considered as statistically significant. The results
were expressed as the mean#standard deviation.

3. RESULTS AND DISCUSSION

3.1. Water quality parameters

The water quality conditions remained congenial throughout
the study period (Table 2). The present results of water
quality parameters fall in the optimum range required for
the proper growth of fish (DeLong et al., 2009).
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Table 2: Water quality parameters recorded during the check the quality of extracted nucleic acid (Lee et al., 2012).
experimental period (March—April, 2019) After the analysis in gel, the nucleic acids were quantified
by using a spectrophotometer (Table 3 and 4).

Parameters March April _

Water Temperature 12-18°C 16-20°C 3.3 RNA-DNA ratio

pH 7 0-75 70-77 In control, a non-significant increase in the ratio was

Dissolved oxygen 8.0-9.1mgl! 8593 mgl? Table 3: RNA concentration (g1™) during experimental study

Total alkalinity 250-272 mg ' 255-278 mg 1! 0Days  15Days  30Days  45Days 60 Days

3.2. Gel Electrophoresis and quantification of RNA and DNA 6.2 6.3 6.36 6.44 6.48

The bands of RNA were clear and crisp indicating good 6.36 6.3 6.4 6.48 6.52

integrity of extracted RNA (Figure 1). Similarly, DNA  6.36 6.3 6.44 6.52 6.56

showed clear bands which indicated its integrity was 7 6.9 7.04 6.64 6.8

maintained during the ‘extraction process (Figl.lre 2). 739 79 798 74 74

Agarose gel electrophoresis has proven to be an eftective and

rapid way to separate nucleic acids like DNA and RNA to 7.32 7.24 7.28 7.44 7.44
7.44 7.4 7.44 7.48 7.52
7.48 7.44 7.32 7.4 7.44
6.92 7.32 7.4 7.52 7.8
7.08 7.24 7.44 7.62 7.64
6.92 7.32 7.44 7.6 7.84
7.28 7.48 7.56 7.6 7.96
6.88 7.28 7.28 7.28 7.32
7.2 72 72 7.24 7.32
7.2 7.24 72 7.24 7.28
7.2 7.2 72 7.26 7.28

Table 4: DNA concentration (g1™) during experimental study
0Days  15Days  30Days 45 Days 60 Days

7.8 7.8 7.9 8 8.1

Figure 1: Gel Electrophoresis of RNA. 0 indicate the ladder

(1 kb) and numbers indicate the different samples 7.5 75 7.9 7.9 8
7.6 7.6 8 8 7.9
8.15 8.1 8.2 8.1 8.1
8.1 8.6 8.7 8.7 8.8
8.15 8.6 8.6 8.7 8.85
8.1 8.6 8.7 8.9 8.9
8.3 8.8 8.8 8.9 8.9
8.3 8.8 8.8 8.9 9
8.4 8.9 8.9 9 9
8.4 8.8 8.9 8.9 9
8.3 8.5 8.85 8.9 8.95
8.0 8.5 8.65 8.7 8.8
8.7 8.8 8.85 8.9 8.9
8.4 8.5 8.65 8.7 8.8

Figure 2: Gel Electrophoresis of DNA. 0 indicate the ladder 82 8.4 8.5 8.6 8.7

(1 kb) and numbers indicate the different samples

K © 2022 PP House 1305
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noticed, whereas in T’ after 30 days a significant difference
was detected which continued up to 60 days. Similarly, T,
group showed an increase in the ratio but was lower than T,
after 45 and 60 days. T, also exhibited a similar trend but
the ratio was low compared to T,. In general, T, showed
better results compared to rest treatments and control. The
RNA/DNA ratio results are presented in (Figure 3). In the
present study, the RNA:DNA ratio showed an increasing
trend in all the treatments including control with time.
Initially, the ratio was similar in all the treatment groups
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Figure 3: RNA:DNA ratio in different treatments and control
at different time points. Data were expressed as mean+S.D
(n=4). The same letter used between the groups indicates no
significant difference (p<0.05)

and with changes in dietary protein levels and time of the
experiment significant changes were noticed. The ratio was
more in T, compared to the rest treatments and control. It
proportionately increased with the increase in body weight
of fish, highest in T followed by T, The results varied with
the % of silkworm pupae used in the feed which was highest
in T,. The present value of ratio ranged from 0.834+0.08
to 1.609+0.017 which falls in the expected range i.e., the
lowest is for the control and highest for the higher % of
silkworm pupae fed diet. The ratio was found to be high
in the treatment having 50% protein compared to the
treatments having a protein level below this and followed
the increasing trend as the protein level was increased
(Labh, 2015). Comparing these results to our findings a
similar trend was followed with the highest in the treatment
in which more concentration of silkworm pupae was fed
followed by a decreasing trend in the rest of the treatments.
In the present study, the fingerlings of Common carp were
used so the effect on RNA:DNA ratio with varied diets
could be felt. The DNA and RNA were isolated by simple
procedures and the ratio was considered as a simple tool to
evaluate the growth status of fish.

3.4. Comparison of RNA: DNA ratio and growth

The growth rate was also recorded for a period of 60 days
atan interval of 15 days (Figure 4) to correlate the results of
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Figure 4: Growth rate in different treatments and control
at different time points. Data were expressed as mean+S.D
(n=4). The same letter used between the groups indicates no

significant difference (p<0.05)

RNA: DNA ratio with that of weight. The results revealed
that the growth pattern and RNA:DNA ratio results
coincide with the highestin T’ compared to rest treatments
and control. In the present study, the weight of fish showed
an increasing trend in all the treatments including control
with time. Initially, the weight of fish was similar in all
the treatment groups, and with changes in dietary protein
levels and time of the experiment, significant changes were
noticed. The weight of fish was more in T, compared to the
rest treatments and control. The results varied with the % of
silkworm pupae used in the feed which was highest in T'.
The present value of body weight ranged from 3.97+0.08
to 7.0+0.11gm which falls in the expected range i.e., the
lowest is for the control and the highest for the highest %
of silkworm pupae fed as was found in RNA:DNA ratios
indicating that the weight of fishes and RNA:DNA ratios
complement each other. Like this study, Malloy and Targett
(1994) and Rooker et al. (1997) obtained higher correlations
between growth in weight and RNA: DNA ratio (r,=0.66)
in the white muscle tissue wild-caught juvenile summer
flounder Paralichthys dentatus. In another study, a strong
correlation between RNA/DNA ratio and growth was
observed in a variety of species such as, Clupea harengus,
Ammodyles spp, Theragrachalco gramma, Paralichthys dentatus,
Pseudopleuronectes americanus, Gadus morbua, Scombers
combrus and Morone saxatilis (Buckley, 1984).

3.5. Growth parameters

After acclimatization, the fishes were weighed to obtain
their initial weight and subsequent weighing was carried
out every two weeks. The scale carp fingerlings fed with
silkworm pupae supplemented diet showed an appreciable
increase in growth, measured in terms of weight gain, %
weight gain, specific growth rate, feed conversion ratio and
protein efficiency ratio than that of the control feed diet.
From the present study, it was observed that silkworm pupae
are an efficient growth promoter for fish. In a previous
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study, the highest growth rate was observed in Clarias
gariepinus fingerlings when fed with a diet containing a high
level of silkworm pupae (Olaniyi and Babasanmi, 2013).
Rahmasari et al. (2014) found that the diet containing
silkworm pupae had better growth performance. Tomotake
et al. (2010) reported that the silkworm pupae are good
sources of high-quality protein in fishes. In another study,
when Mahseer fingerlings (7or khudree) were fed with
silkworm pupae rich diet, better growth and survival rates
were observed (Sunder et al., 1993).

The three treatments viz., T,, T, and T, which contain
17.51,14.42 and 11.33 g of silkworm pupae extract showed
a significant increase in weight gain (T =2.4 g, T,=2.09 g
and T,=1.52 g) than control (0.72 g) without silkworm
pupae supplement. The highest weight gain was found in
T, treatment as shown in Figure 5. The results indicate that
the higher protein promotes more growth. The statistical
analysis of change in weight in control and different
treatments is presented in table 5.

Weight Gain
3 .
2.5 4
c
2 4
b
S1s
11 a
0.5 7 -
(1}
C T1 T2 T3
Treatments

Figure 5: Weight gain of the fish in different treatments
and control. Data were expressed as mean+S.D (n=4). The
same letter used between the groups indicates no significant
difference (p<0.05)

The highest weight gain in % body weight (52.37) was
recorded in T, group while the lowest (18.37) was recorded
in the control. T, and T, groups showed a weight gain in %
body weight of 44.78 and 23.00, respectively (Figure 6). The
high specific growth rate was recorded in T (0.70) and it
varied significantly with treatments T, (0.61) and T, (0.44).
The Control group exhibited low SGR (0.28) compared to
the rest treatments (Figure 7).

Lowest FCR (2.52) was found in T, and it differs from
all other treatments. Contrary to the control treatment,
all other treatments viz., T,, T, and T, showed better
results with the highest in T, (Figure 8). The highest
protein efficiency ratio (1.14) was found in T treatment
while the lowest (0.41) was recorded in control. T, and T
groups showed a protein efficiency ratio of 1.01 and 0.71,
respectively (Figure 9). In present study, the silkworm

w
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Figure 6: Weight gain (%) of the fish in different treatments
and control. Data were expressed as mean+S.D (n=4). The

same letter used between the groups indicates no significant
difference (p<0.05)

Specific Growth Rate
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Figure 7: Specific growth rate of the fish in different treatments
and control. Data were expressed as mean+S.D (n=4). The
same letter used between the groups indicates no significant

difference (p<0.05)

Feed Conversion Ratio
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Figure 8: Feed conversion ratio of the fish in different
treatments and control. Data were expressed as mean+S.D
(n=4). The same letter used between the groups indicates no
significant difference (p<0.05)

pupae rich diet improved the SGR, FCR and PER results,
and the same is reported in the previous reports (Nazerath

Nisha et al., 2014).
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Table 5: Statistical analysis of growth rate in terms of weight in control and different treatments

Number of Fish (n) Average weight Std. Deviation
0h Control 4 3,975 0,170783 0,085391
T, 4 3,986 0,221736 0,110868
T, 4 3,97 0,182574 0,091287
T, 4 3,925 0,182574 0,091287
Total 16 3,96 0,401663 0,100416
Model Fixed Effects 0,190394 0,047599
Random Effects 0,203357
Number of fish (n) Average weight
15 days  Control 4 4,125 0,15 0,075
T, 4 4,45 0,287228 0,143614
T, 4 4,3 0,173205 0,086603
T, 4 4,325 0,182574 0,091287
Total 16 4,3 0,121633 0,104083
Model  Fixed Effects 0,205142 0,051286
Random Effects 0,208916
Number of fish (n) Average weight
30days  Control 4 4,225 0,05 0,025
T, 4 5,75 0,282843 0,141421
T, 4 53 0,173205 0,086603
T, 4 51 0,129099 0,06455
Total 16 5,09 0,443048 0,110762
Model  Fixed Effects 0,179699 0,044925
Random Effects 0,230799
Number of fish (n) Average weight
45 days  Control 4 4,45 0,057735 0,028868
T, 4 6,5 0,191485 0,095743
T, 4 6,1 0,170783 0,085391
T, 4 5,85 0,08165 0,040825
Total 16 5,72 0,467217 0,116804
Model Fixed Effects 0,137689 0,034422
Random Effects 0,251946
Number of fish (n) Average weight
60 days  Control 4 47 0,08165 0,040825
T, 4 7 0,191485 0,095743
T, 4 6,725 0,208167 0,104083
T, 4 6,05 0,05 0,025
Total 16 6,1 0,524047 0,131012
Model  Fixed Effects 0,149304 0,037326
Random Effects 0,28328
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Protein Efficiency Ratio
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Figure 9: Protein efficiency ratio of the fish in different
treatments and control. Data were expressed as mean+S.D
(n=4). The same letter used between the groups indicates no
significant difference (p<0.05)

4. CONCLUSION

Silkworm pupae-supplemented diets significantly
improved the growth performance of experimental
fish Cyprinus carpio var. communis as revealed by the
higher values of RNA:DNA ratios. The weight gain was
correlated with the RNA:DNA ratios which exhibited a
positive relationship between the two. From the results, it
was concluded that supplementation of Silkworm pupae
powder in the feed @ 17.51 g kg™ resulted in better growth
performance of the fish.
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