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The present study was conducted to find viable and economic ingredients for fish feed by evaluating
the effect of partial fish meal replacement with duckweed (Lemna minor) in Gibelion catla feed. Four
different isonitrogenous feeds (with 0, 10, 20 and 30% replacement of fish meal with) were prepared
and fed to juvenile catla for 60 days at the rate of 5% fish biomass. No significant difference (P>0.05) in
fish growth parameters and feed efficiency was observed among the treatments. There was no significant
difference in apparent digestibility coefficient (ADC) of dry matter among treatments. Feed ADC (protein)
with duckweed at 30% inclusion level was significantly lower (P<0.05) compared to the other treatments.
There was no significant difference in muscle composition of fish reared under the four treatments. Results
of the present study showed that duckweed can be used to replace up to 20% of fish meal in feed of catla

without any negative effect on fish growth or feed digestibility.
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INTRODUCTION

ajor challenges faced by aquaculture, one of the

world’s fast-growing food sector, are feed cost and
nutritional requirements of fish (Hixson, 2014; WorldBank,
2013). At present, fish oil and fish meal are mainly utilized
in aqua feeds due to their nutritional composition and
their ability to enhance feed palatability (De Silva et
al., 2011). As these ingredients are derived from the
world’s declining capture fisheries resources, sustainable
development of aquaculture necessitates to investigate low
cost and viable ingredients for formulation and production
of economically feasible aqua feeds. At present, most of
the aquaculture production in Punjab, Pakistan, is based on
major carps and Chinese carps cultured in either extensive
or semi-intensive culture systems. Due to low feed inputs,
aquaculture fish production in Pakistan is remarkably lower
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than other Asian countries (FAO, 2020). However, there
is a growing trend towards use of commercially available
fish feed for carp’s culture among the aquaculturists (Shafi
et al., 2021). Fish meal or soybean meal are the two
main ingredients used in commercial fish feeds as major
protein source. Due to their high cost, research should be
conducted to find viable and economic ingredients for fish
feed that can provide optimum fish growth and production.

The prime objective of fish feed formulation is to
prepare a diet that can provide maximum fish production
with minimum possible cost (Hardy, 2022). Feed cost
is one of the major challenges faced by sustainable
development of aquaculture. Use of fish meal in feed
not only increases its cost but also raises concerns about
viability of feed ingredients due to continuous decline in
capture fisheries. Therefore, current practice in fish feed
manufacturing industry is the use of low-cost plant-based
ingredients as replacement of fish meal (Egerton et al.,
2020; Figueiredo-Silva, 2014; Jalili et al., 2013). Soybean
meal, with its high-quality protein and balanced amino
acid profile, is currently used as a protein source in fish
feed on commercial scale (Jannathulla ef al., 2019). Other
oilseed meals including cottonseed meal, canola meal,
rapeseed meal also have shown the potential to replace fish
meal in aquafeeds (Collins et al., 2013).

Duckweed belonging to the family Lemnaceae is
world’s smallest angiosperm comprising of four genera;
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Lemna, Spirodela, Wolffiella, and Wolffia. Duckweed is
among the world’s fast-growing plants which can double
its biomass in 2-3 days under suitable environmental
conditions (Ali et al., 2016). It can, therefore, be grown
abundantly at lesser cost than alternative plant sources.
Due to the high (20-42%) crude protein content combined
with a favourable array of amino acids, duckweed present
a potential plant-based ingredient for incorporation in aqua
feeds (Mwale and Gwaze, 2013). Nevertheless, duckweed
has been investigated for its potential as feed ingredient
for other major and Chinese carps, there is no published
report of its use in feed of Gibelion catla to the best of
our knowledge. As fish species from the same family may
show marked differences in food preference (Rahman et
al.,2006; Ronald, 2022), the feeding behaviour of Gibelion
catla towards duckweed cannot be predicted according to
the earlier investigation based on food selection by carps
other than catla. Present study was, therefore, conducted
to evaluate the effect of partial fish meal replacement with
duckweed in the feed of Gibelion catla on its growth, body
composition and feed digestibility.

MATERIALS AND METHODS

Study site

The experiment was conducted at Fisheries
Research and Training Institute (FRTI), Lahore, Pakistan
(31.589435° N, 74.465944° E) from June to October 2020.
Duckweed was cultured in two fiberglass tanks placed at a
sunny open place. Fish culture experiment was carried out
in indoor glass aquaria in Chemistry Laboratory of FR and
TI using four treatments.

Culture of duckweed

Fresh duckweed (Lemna minor) was collected from
a nearby freshwater body and transferred to FRTI, Lahore
where it was cultured into two fiberglass tanks each of
dimensions 0.89 x 0.58 x 0.60 m. Prior to stocking of
duckweed, the fiberglass tanks were filled with fresh water
up to 0.45 m and supplied with 100 g urea and 50 g single
super phosphate (SSP). Each tank was stocked with 1.0 kg
duckweed (wet weight) and left for 15 days for culture.
Duckweed was collected from the tanks on daily basis for
30 days. Water temperature, pH, electrical conductivity
and dissolved oxygen were regularly monitored using
standard methods (APHA, 2017).

Preparation of aquafeeds

A control feed (T1) was prepared following Abbas
et al. (2008) with slight modifications. Prior to feed
formulation, crude protein content of all the ingredients
was determined. The formulation of the four experimental

feeds and their proximate composition is shown in Table
I. Duckweed collected from culture tanks was washed
with fresh water and air dried in shade for 15 days. Fish
meal, canola meal, corn gluten and duckweed were ground
into fine powder. All feeds were formulated to have final
crude protein content of 30.60- 30.70%. T1 was prepared
using fish meal and canola meal as major protein sources.
Feeds T2, T3 and T4 were prepared replacing 10%,
20% and 30% of fish meal in T1 with duckweed. Due to
unequal crude protein content in fish meal (41.41%) and
duckweed (21.51%), appropriate quantities of duckweed
to balance the protein content in formulated feed were
used. Arrowroot starch was used as a filler in all the feeds.
Proximate composition of prepared feeds was determined
using standard methods (AOAC, 2012).

Table 1. Formulation and proximate composition of
experimental fish feeds.

Ingredient Experimental feed

T1 T2 T3 T4
Fish meal (%) 30 27 24 21
Duckweed (%) --- 6.10 123 18.4
Canola meal (%) 30 30.0  30.0 30
Corn gluten (%) 10 10.0 10.0 10
Rice polish (%) 8 8.0 8.0 8
Vitamin and minerals (%) 1.5 1.5 1.5 1.5
Filler (%) 205 174 142 111
Total 100 100 100 100
Proximate composition
Moisture (%) 11.95 11.23 1129 1132
Ash* (%) 1249 1339 13.03 13.34
Crude protein* (%) 30.62 30.63 30.64 30.67
Crude fat* (%) 324 313 3.07 324

*: Crude protein, ash and crude fat content are reported on dry basis.

Fish culture experiment

Juveniles of Gibelion catla (average weight: 2.5 g +
0.4 g) were procured from Central Fish Seed Hatchery,
Lahore, Pakistan and acclimatized in glass aquaria for
15 days at FR and TI, Lahore. Aerators were installed in
the aquaria used for fish acclimatization and subsequent
culture to maintain the water dissolved oxygen within
optimum range. During acclimatization period, the
fish were fed with a control diet (crude protein content:
30.60%) at 5% of their body weight daily. To initiate the
experiment, fish weight and length was recorded and 15
juveniles were stocked in each aquarium following Li et
al. (2021). There were four experimental treatments with
reference to different feed compositions (Table I) and each
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treatment was run in duplicate. In T1, control feed was
supplied to fish. In T2, T3 and T4, fish was fed with feed
prepared by 10%, 20% and 30% replacements of fish meal
with duckweed. Fish in each aquarium was fed at 2.5% of
their body weight twice a day at 10:00 and 16:00 (GMT +
5.0). Fish culture experiment was conducted for 60 days.
About half of water in aquaria was exchanged with fresh
water after every 48 h. Water temperature was maintained
at 25°C £ 0.3°C using aquaria heaters and other Physico-
Chemical parameters of water (dissolved oxygen, pH,
electrical conductivity, total alkalinity, total hardness and
chloride contents) were analyzed on weekly basis using
standard methods (APHA, 2017).

Five specimens of fish were randomly
captured from each aquarium fortnightly for
growth monitoring in terms of body weight and total
length. Feed was adjusted fortnightly according to the
increase in fish biomass in each aquarium throughout the
culture period. At the end of the experiment, all fish from
each aquarium were harvested for recording of fish growth
parameters and muscle’s composition.

Analytical procedures

Acid insoluble ash (AIA) was used as the marker to
determine apparent digestibility coefficient (ADC) of dry
matter and protein. To determine acid insoluble ash, fish
faeces from each aquarium were collected daily for last 30
days of culture period and stored in a cool and dry place.
At the end of the experiment, collected faeces were used to
determine AIA following Van Keulen and Young (1977).
A 5.0-g sample of faeces from each replicate of each
treatment was dried in an oven at 135 °C for 2 h, reweighed
and subjected to ashing overnight at 450 °C. Resulting ash
was transferred to a 500 ml beaker and mixed with 2N
HCI. The mixture was boiled on a hot plate for about 5
min and filtered. Ash and filter paper were washed free of
acid using hot distilled water. Filter paper with ash was

transferred to a pre-weighed crucible, subjected to ashing
overnight at 450 °C and weighed. ADC of dry matter
and protein was calculated through appropriate formulae

following Atkinson ef al. (1984).
0hAIA in feed
ADC (dry matter) = 100 - (100 x

Uh AIA in faeces
%AIA in feed

x
%% AIA in faeces % protein content in feed

% protein content in faeces
ADC (protein) = 100 - (100 x

At the end of the experiment, proximate composition
of fish muscles from each replicate was determined
following standard methods of AOAC (2012).

Statistical analysis

Data on fish growth was subjected to one-way analysis
of variance followed by least significant difference (LSD)
test to detect any significant difference among four feed
treatments at P<0.05. Data on physico-chemical parameters
of water, apparent digestibility coefficient of feed and
muscle composition of fish was also statistically analysed
using ANOVA and LSD to find any significant difference
among four treatments. Prior to analysis, normality and
homogeneity of variance of data was assessed through
relevant statistical tests. All statistical analysis was carried
out using SPSS version 16.0.

RESULTS

Water quality parameters monitored during the
60-day culture period in the glass aquaria are presented
in Table II. Water pH, dissolved oxygen and electrical
conductivity were found to be in the range of 8.24 — 8.55,
4.00 — 4.47 mgL"and 724.0 — 732.0 pScm™', respectively.
Total alkalinity and total hardness ranged from 478.0 -
487.0 mgL"' and 266.0 — 286.0 mgL"!, respectively. No
significant differences were observed in water quality
parameters among treatments (P>0.05).

Table I1. Water quality parameters during fish culture (Mean + Standard Deviation).

Parameter Optimum Treatment

range* T1 T2 T3 T4
pH 6.5-9.0 8.55+0.01 8.24 £ 0.06 8.46+0.03 8.36+£0.14
Dissolved oxygen (mgL™") >5.0 4.33+£0.04 4.00£0.23 4.47+0.08 4.24+£0.39
Carbon dioxide (mgL™") <15 ND* ND ND ND
Temperature (°C) 22.0-30.0 25.30+£0.07 25.20+0.14 25.25+0.21 25.25+0.07
Electrical conductivity (uScm™) <1000 724.0 + 1.41 730.5+2.12 732.0+£2.83 730.0 + 4.24
Total alkalinity (mgL") >20 478.0 +2.83 481.5+3.53 487.0 +2.83 487.0 +2.83
Total hardness (mgL™") >20 286.0 + 8.49 271.0 +5.66 266.0 + 5.66 280.0 + 5.66

Means that are in a row are statistically non-significant (P > 0.05). * (Boyd and Tucker, 2012). **, Not Detected.
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Table III. Fish growth and feed utilization parameters (Mean = Standard Deviation).

Parameters Treatment

T1 T2 T3 T4
Fish growth
Initial weight (g) 2.39+£0.11 2.50 £0.02 2.44 £0.04 2.50+0.06
Final weight (g) 3.69 £0.42 4.67+£0.07 4.31+£0.45 3.88 +0.23
Weight gain (g) 1.30 £ 0.31 2.16£0.05 1.87+0.40 1.39+£0.16
SGR 1.45+1.03 1.53+£0.70 244 £2.10 1.43+0.99
Increase in weight (%) 54.09 +10.26 86.24 +1.28 76.55+15.23 55.48 +£5.20
Feed utilization
Feed conversion ratio (FCR) 7.12+2.04 3.47+0091 4.48 +0.80 5.56+0.74
Condition factor 1.04 £0.12 1.22 £ 0.30 1.08 £ 0.03 1.08 £ 0.17
Survival rate (%) 98.5+£2.12 99.0 £ 1.41 98.5+2.12 99.0+0

Means that are in a same row are statistically non-significant (P>0.05).

Table IV. Apparent digestibility coefficient (ADC) of the four feeds and composition of fish muscles (Mean + Standard

Deviation).

Parameters Treatment

T1 T2 T3 T4

Feed digestibility coefficient

ADC dry matter (%) 51.97 +£5.75% 59.29 +£5.592 50.79 + 1.54¢ 4228 £6.71%
ADC protein (%) 78.54+£1.21% 82.05 +£3.53¢ 79.99 + 0.59° 68.95 £+ 5.06"
Fish muscles composition

Moisture (%) 82.52 £1.55¢° 81.68£0.30° 81.67+1.40° 83.64 £ 1.472
Ash (%) 1.59+£0.21° 1.73£0.170° 1.75+0.48? 1.66 5+0.03°
Crude protein (%) 14.15 £ 0.46* 14.85+£0.160° 16.12+£1.17 14.54 £3.20*
Means that do not share a letter in a same row are statistically significant (P<0.05).

Growth parameters of fish are presented in Table III. DISCUSSION

There were no significant differences in live fish weight
gain among treatments. Highest live mean weight gain was
found in T2 (2.16 g+ 0.05 g) followed by T3 (1.87 g+ 0.40
g). Also, mean feed conversion ratios (FCRs) were lower
(3.47 and 4.48), respectively in T2 and T3, compared to
those (5.56 and 7.12) of T1 and T4 respectively. Highest
(59.29%) specific growth rate (SGR)was found in T3,
followed by T2, T1 and T4.

Feed ADC for dry matter was highest in T2 (59.29%
+ 5.59%) and it ranged from 42.28 to 51.97% in the rest
of the treatments (Table IV). Protein apparent digestibility
coefficient of feed ranged from 78.54 to 82.05% in T1-
T3 while it was 68.95% in T4. Feed ADC (protein) was
found to be significantly lower (P<0.05) in T4 compared
to the other three treatments. Crude protein contents of
fish muscles ranged from 14.15 to 16.12%. There was no
significant difference (P>0.05) in muscle composition of
fish among the four treatments (Table IV).

Duckweed is reported to contain 20-35% crude
protein and 4 - 7% crude fat on dry weight basis. Amino
acid profile of duckweed is also comparable to that of
other plant-based protein and it ensures the supply of
several essential amino acids (Appenroth ef al., 2017). In
the present study, duckweed was found to contain 21.51%
crude protein and 5.24% crude fat, which is in agreement
with earlier investigations which focussed on nutritional
constituents of different varieties of duckweed. Ash
content (18.24%) of duckweed was also close to that of
fish meal (25.04) and it provides a variety of macro and
micronutrients (Appenroth et al., 2017, 2018).

One of the major difficulties with the use of plant-
based protein sources is presence of anti-nutritional factors
(Adeyemo and Onilude, 2013; Samtiya et al., 2020).
Duckweed, however, is reported to have low content of
anti-nutritional factors compared to other plant crops (Hu
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et al., 2022). In the present study, partial replacement (up
to 30%) of fish meal in feed of catla juveniles did not
cause any significant change in fish growth performance,
muscle composition and feed digestibility. It is noteworthy
that catla fed with feed in which duckweed replaced 10
and 20% of fish meal showed higher percent (86.24 and
76.55%) increase in weight gain compared to those fed
with feed without duckweed (54.09%). Percent weight
gain (55.84%) was also low in fish fed with feed containing
duckweed at 30% inclusion level. Lowest FCR was
observed for feed containing duckweed at 10% inclusion
level (3.47+0.91) where it was 50% lower than that of feed
with no duckweed (7.1242.04).

The results of this study are in agreement with
earlier studies of Goswami et al. (2020), Yilmaz et al.
(2004) and Fasakin et al., (1991) who studied the effect
of duckweed inclusion on fish growth. Goswami et al.
(2020) reported that partial replacement of fish meal with
duckweed resulted in improved weight gain and SGR of
Labeo rohita fingerlings. Authors also reported low FCR
for duckweed-based feeds, indicated efficient utilization
of feed. Yilmaz et al. (2004) observed that replacement
of up to 20% commercial feed’s protein with duckweed
did not significantly affect fish growth and FCR when the
feed was used for nursing common carp fry. Fasakin et
al. (1999) used duckweed to replace fish meal protein in
feed of tilapia. They reported no significant difference in
tilapia growth and feed utilization fed with feed containing
duckweed up to 20% inclusion level (P>0.05). However,
higher duckweed inclusion (>20%) resulted in reduced
growth.

ADC of dry matter for feed with duckweed at 10%
inclusion level was highest among the four experimental
feeds. For feed with duckweed at 20% inclusion level,
ADC of dry matter was comparable to that of the control.
Feeds with no duckweed and with duckweed at 10 and 20%
inclusion levels showed comparable ADCs (protein). El-
Shafai et al. (2004) however, reported significantly lower
(P<0.05) ADC (dry matter) and ADC (protein) of feeds
in which duckweed was used to replace 20 and 40% dry
matter of fish meal and other plant-based protein sources
compared to the control feed. They also found significantly
lower SGR for duckweed containing feeds (20 and 40%
inclusion levels) compared to the control diet. Noor ef al.
(2000) also reported significantly reduced ADC (protein)
of feed containing 17.07 to 59.24% of duckweed as
replacement of fishmeal (P<0.05). In the present study, no
significant effect of fish meal replacement with duckweed
was observed on fish muscle composition (P > 0.05).
Proximate composition of fish muscle was in agreement
with reported nutritional composition of Gibelion catla
(Hussain et al., 2018).

A cost-benefit analysis for the formulated feeds is
shown in Table V. Estimated cost of formulated feed with
20% fishmeal replacement is 10.6% lower compared to fish
meal-based control feed. Moreover, percent weight gain
of catla using the former was 41.52% higher compared to
control feed.

Table V. Cost benefit analysis for formulated feeds.

Estimated Percent
cost fish weight
(USD)*  gain (g)

1kg 50 kg
Fish meal (30%) based feed 1.09 54.67 54.09**
Feed with 10% fish meal replacement 1.04 51.77 86.23
Feed with 20% fish meal replacement 0.98 48.85 76.55

Feed with 30% fish meal replacement 0.92 45.95 55.48
1 USD=235.26 PKR, **, During 60 days culture period using 210 g feed.

Type of formulated feed

CONCLUSION

Conclusively, duckweed can be economically used
to replace up to 20% fish meal in the diet of Gibelion
catla without any negative effect on fish growth and
feed digestibility. In future, efficacy of duckweed- based
formulated feeds in polyculture of major as well as Chinese
carps should be investigated for sustainable development
of aquaculture in Pakistan. Duckweed (Lemna minor)
can be used to replace up to 20% fish meal in Gibelion
catla diet without any negative impact on fish growth.
Partial replacement of fish meal with duckweed did not
cause any significant change in apparent digestibility of
feed dry matter and muscle composition of experimental
fish. Estimated cost of feed formulated with 20% fishmeal
replacement is 10.6% lower than fish meal-based control
feed.
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