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Abstract

In the ornamental fish industry, there is a growing concern about the higher freight cost of feed ingredients. The present
study aimed to cluster the locally available ingredients based on their nutrient contents, price, and availability. A total
of 15 ingredients; fish meal (FM), by-catches (BC), soybean seeds (Soy), maize (Ma), duckweed (DW), Azolla pinnata
(Az), rice bran (RB), shrimp shells (SS), palmyrah fruit pulp (PFP), red seaweed (RS), wheat flour (WF), cassava flour
(CF), cornflour (CoF), coconut copra waste (CCC), and groundnut cake (GNC) were selected as locally available
ingredients. Principal Component Analysis (PCA) was performed by grouping the ingredients based on their nutrient
contents, price, and availability using Minitab 16. In PCA, the two first components accounted for 57.50% of the total
variance in the initial data. Protein, calcium, phosphorus, and price contribute positively with component 1, whereas
carbohydrate content is related negatively to this component. Calcium and ash content correlated positively with
component 2 and fat, gross energy, and availability were linked negatively to it. The PCA allowed the clustering the
ingredients into four groups. Ingredients in Group 1, including Az, SS, RB, DW, and RS showed a positive correlation
with component 2 and they contain more fiber although, they are not accessible throughout the year. Ingredients of
Group 2, PFP, WF, CoF, and CF are excellent sources of starch but contained less protein content (0.94%, 11.00%, 0.00%,
and 2.80% respectively). CCC, Ma, GNC, and SB pertain to group 3 correlating poorly with component 2. They are an
excellent source of protein with the advantage that they are relatively affordable and easy to available than the other
groups. Ingredients in group 4 incorporated BC and FB. Although they are high in protein, they are expensive and very
poor in carbohydrates. Therefore, it is recommended that the ingredients in group 3 are the best choice for feed
formulation with balanced nutrition at a low cost for fish feed preparation.
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Introduction
Aquaculture has experienced 7-9% growth annually for the last two decades to meet the increasing demand

of fish worldwide [1]. Availability, cost, and nutrient composition of the raw ingredients for fish feed
formulation are the major influencing factors in sustainable aquaculture production [2,3]. The growing
concern in the aquaculture industry is the cost of fish feed formulation and nutrient contents of the diets.
Fish feed cost accounts for about 40 to 50 % of the total expenditure of the total fish production [4]. The
increasing cost of fish feed is due to the high cost of ingredients such as fish meal which is the main

ingredient used in the formulation of commercial feeds [5] because of its high protein content and good
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minerals. Moreover, fish feed formulation is an applied technology on the knowledge of the nature and
qualities of various feedstuff as well as nutrient requirements of fish. Several plant and animal derivatives
such as fish wastes and bycatches, Azolla sp., duckweed, soybean seeds, coconut copra cake, and groundnut
cake contain an appreciable quantity of protein with a good amino acid profile that can be utilized during
feed formulation [6,7,8].

Since reducing the dependency of aquaculture on high-cost ingredients is key for sustainable development
of the industry, many studies have been carried out to find out the alternative low-cost fish feed ingredient
with adequate nutrition such as fish wastes [9,10], soybean seeds [11], groundnut cake [12], duckweed [13],
and Azolla sp. [14]. To expand the ornamental fish industry, there is a need to formulate nutritious and
economical diets that do not rely on a particular protein ingredient source. This would alleviate the
dependence on animal and plant waste products, utilize renewable ingredients, and thus help to decrease
the production costs.

However, there is limited information on the grouping of low-cost fish feed ingredients locally available in
Sri Lanka. Therefore, the present study aimed to formulate a healthy diet clustering the low-cost fish feed

ingredients collected from local regions.

Experimental Section/Materials and Methods

Raw feed ingredients:

A total of 15 feed ingredients such as fish meal, by-catches, shrimp shells, soybean seeds, maize, coconut
copra waste, groundnut cake, red seaweed, palmyrah fruit pulp, duckweed, Azolla pinnata, cassava flour,
rice bran, wheat flour, and corn flour were used for the present study. Information on prices, procurement
areas, and availability were recorded for each raw ingredient.

Samples of fish meal (FM) and by-catches (BC) were collected at the Kurunagar fish landing site and
Kurunagar fish Processing factory in Jaffna, Sri Lanka. They were kept in an ice box and brought to the
laboratory. Samples were allowed to thaw, gutted, cleaned and dried in an oven at 100°C to a constant
weight. The dried FM and BC were ground using a laboratory-scale grinder into a fine powder.

Shrimp shells (SW) were collected from household wastes, brought to the laboratory and cleaned with tap
water, followed by distilled water. Red seaweed (Gracilaria edulis) (RS) was collected from the Point Pedro
coastal waters of the Jaffna peninsula. Duckweed (DW), Azolla pinnata (Az) were collected from an
agricultural farm, Thirunelveli, Jaffna, Sri Lanka. SW, RSW, DW, and Az were dried in an oven at 100°C
separately. Thereafter, SW, RSW, DW, Az, Soybean seeds (SB), maize (Ma), coconut copra waste (CCC),
and groundnut cake (GNC) were ground into fine powder separately and stored in labelled sterilized
containers and refrigerated until further use.

Fresh cassava tubers (CF) from the market, Thirunelveli, Jaffna, Sri Lanka, Rice bran (RB) from the rice mill
and wheat flour (prima) (WF) and corn flour (CoF) from the grocery stores were purchased. Fresh CF was
cleaned, boiled with steam to evaporate cyanide and dried in an oven at 55°C until obtained a constant
weight and then ground to fine powder.

Ripe palmyrah fruits (PFP) collected in the Northern region of Sri Lanka were cleaned and removed the
husks. The fruits were rubbed on a sieve to extract pulp without adding water and the pulp (PFP) was

stored in a freezer at -20°C.
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Proximate composition of raw feed ingredients
Proximate composition (Crude protein, fat content, ash content, gross energy content, crude fibre content,

and calcium) of each raw ingredient was determined according to standard analytical procedures [15].

Crude protein

The crude protein was determined by Kjeldahl method. The dried sample approximate weight was
weighed in a digestion flask and digested by heating at 420°C in the presence of sulfuric acid, hydrogen
peroxide and a catalyst containing copper, selenium, and titanium compounds. The liberated ammonia
was collected in boric acid solution and total nitrogen was determined titrimetrically. The percentage of
protein in the sample was calculated.

Percentage of crude protein content (in dry weight) = % of Nitrogen x 6.25

Crude fat

The dried sample (5g) was placed in the thimble and it was kept in the soxhlet apparatus. Petroleum ether
(90 mL) was filled in the round bottom flask and extracted for about 6 hours. The ether extract was collected
in the rotary bottle (W1). The solvent was evaporated on a rotary evaporator. The rotary bottle was dried
and placed in a desiccator for 2 hours and then weighed with the lipid (W2)

The lipid content (in dry weight) is given by the equation = (W2-W1)/sample weight X 100.

Ash content
The sample (1 g + 0.5) was kept in a muffle furnace at about 550-600 °C for 6 hours. The ash content will

be calculated by the Equation 1.
Weight of ash
Weight of initial sample

Percentage of ash content = x 100 % Equation 1

Gross energy content
Gross energy content was calculated using the bomb calorimetric method in Equation 2. The amount of
heat was measured in calories that is released when the feed ingredient is completely oxidized in a bomb

calorimeter (Calorie measuring unit-J, 1013-]) containing 25 to 30 atmospheres of O-.

(FT-IT)(W)—(CV1+CVw)—(ml of Nay
Weight of sample (1g)

Gross energy (calorie/g) = €05 consumed) Equation 2

FT- Final Temperature

IT - Initial Temperature

CVr - Caloric value of thread

CVw- Caloric value of ignition wire

W — Water equivalent

Crude fibre content
It was determined as that fraction remaining after digestion with standard solutions (1.25% v/v) of

sulphuric acid and sodium hydroxide under carefully controlled conditions (pH neutralization).

Phosphorous content
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It was determined by the colorimetric method of Fiske and SubbaRow [16]. Phosphorus is precipitated
from the dissolved ash as ammonium phosphomolybdate. This precipitate is dissolved in base, and excess

base is titrated with acid.

Calcium content
Calcium was determined by dry ashing samples of feed ingredients and dissolving the ash in dilute HCI
(0.2 mol/L), precipitating the calcium as the oxalate, then dissolving the calcium oxalate and titrating with

0.1 N potassium permanganate [15].

Statistical analysis

Statistical analysis was done in Minitab 16 for descriptive statistics and averages with standard deviations.
The mean values were compared using ANOVA (one way) followed by the Tukey’s post-hoc test to
generate homogenous subsets. Means were considered significant at p<0.05. Principal Component Analysis
(PCA) performed on the generated data allowed grouping the ingredients on the basis of their nutritional
composition such as protein, fat, carbohydrate, ash, gross energy, fibre, calcium, and phosphorous as well

as their cost and availability

Results and Discussion

Raw fish feed ingredients:

Table 1 shows the locally available raw feed ingredients in the fish feed formulations according to their
cost, mode of procurement, and availability. It can be seen that there is a great diversity in the local products
and by-products which are able to utilize for the feed formulation. The ingredients are animal and plant

derivatives which are sufficiently available in the Northern region but some are not consistently available

throughout the year.
Table 1. Prices, procurement, and availability of raw fish feed ingredients
i{aw f(;edt Price/IKg Mode of procurement .gv;ilablilit'y
ngredients (LKR) egular;

2 — Seasonal)

Fish landing sites and

FM 600 . 1
processing centers

Fish landing sites and

BC 0 . 1
processing centers

Soy 280 Grocery shop 1
Ma 280 Grocery shop 1
DW 0 Agricultural farm 2
Az 0 Agricultural farm 2
RB 60 Grocery shop 1
SS 0 Household wastes 1
PEP 0 The Northern region, Sri 5
Lanka
RS 0 Point Pedro coastal waters 1
WEF 90 Grocery shop 1
CF 50 Market 1
CoF 100 Grocery shop 1
CCC 0 Grinding mill 1
GNC 0 Grinding mill 1
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FM- Fish meal, BC — By-catches, Soy — Soybean seeds, Ma- Maize, DW — Duckweed, Az- Azolla pinnata, RB — Rice bran,
SS — Shrimp shells, PFP - Palmyrah fruit pulp, RS - Red seaweed, WF- Wheat flour, CF- Cassava flour, CoF - Cornflour,
CCC- Coconut copra waste, and GNC - Groundnut cake

The nutrient composition of the raw ingredients is presented in Table 2. The selected feedstuff contains
crude protein in amounts ranging from 0.00 % for CoF to 65.24 % for FM. The higher crude protein contents
of raw fish feed ingredients were 65.24 + 6.68, 52.55 + 5.71, 42.52 + 3.02, 24.00 + 0.51, 31.00 + 7.76 and 24.00 =
3.21 g/100g (DW) for FM, BC, SB, GNC, DW, and Az respectively. These types of feedstuff have been used
as protein sources in different fish feed formulations: FWBC [9,10], SB [11], GNC [12], DW [13], and Az [14].
The dry weight of carbohydrate contents (%) of raw ingredients were determined as 66.00 + 1.52 (RB), 56.00
+ 1.52 (Ma), 72.00 £ 3.60 (WF), and 60.00 + 0.62 (CCC). These results have a very good proximity with the
reported literature [17,18, 4]. Starchy products such as CF, WF, and CoF were used as a binder contributing
to the physical quality of the extruded pellet [19,20]. The highest fat content was recorded in coconut copra
cake (15.99% + 1.65). The red seaweed recorded the highest ash content (32.56 % + 0.39 DM) followed by Az
(30.89 % + 0.40 DM). The highest fibre content was for CCC (16 % + 0.34 DM) while the shrimp shells had
the lowest.

Table 2. Nutrient compositions of feed ingredients

2 3 =z ..g =z ) = _ o -
g Tz a 2B g B < 3 e <& 5}
E: £ g sz £§=3 @ & & & g pe
g £ A < 2 < CRRIN s R ICERSY S @
£ & ke S e ¥ i@ S & £ 3 g
1221 + 0.01 =+
FM 65.24 + 6.682 ) 4520 +85.32>  12.00+0.494 2.68 +0.012 2.76 + 0.062 11.23 + 0.45f
0.41b 0.00!
11.04 + 0.03 + 4490 +
BC 52.55 £ 5.71b ) 10.00 +£0.32¢  2.65+0.082 2.23 £0.01b 13.20 £ 0.52¢
0.68P 0.011 215.08b
15.99 + 9.00 = 027 +
Soy 42.52 +3.020 4200 + 55.07¢ 9.00 + 0.32f 0.51 £ 0.004 4.8+0.208
1.732 1.068h 0.01d
1599 + 56.00 £ 3900 + )
Ma 9.52 + 0.86¢f 2.70£0.05  0.02+0.01¢ 0.06 + 0.00sh 2.76 £0.12h
0.842 1.52d 50.00de
4.00 + 21.40 + 0.50 =
DW  31.00 £ 7.76¢4 2006 +97.01h  12.00 + 0.364 0.02 + 0.00n 5+0.308
0.344 2.08f 0.07bc
331+ 10.00 = )
Az 24.00 £ 3.21¢d 228.62+8.95  14.70+0.27¢ 2.58 +0.032 0.26 + 0.00¢ 30.89 + 0.40b
1.074 0.198h
66.00 £
RB 6.11+0.66%f  0.11+0.13¢ 1505 3,494 +£35.83f 15.00+0.25> 0.58 +0.01° 1.18 £ 0.00¢ 15+ 0.54
323+ 6.00 = 4020 £
SS 33.12 £ 4.93bc 0.00% 0.44 +0.03¢ 0.04 + 0.00n 23.91£0.31¢
0.21d 0.27h 52.9]¢d
21.00 £ 1028.3 + )
PFP 0.94 + 0.64f 0.18 + 0.03¢ ) 10.90 +0.18¢  0.09 +0.01¢ 0.03 +0.00 0.55 +0.03i
0.78f 56.05
12.58 + )
RS 20.84 £2.414  8.08 £ 0.26¢ 0.448 145 +5.00 8.00+0.408  0.06 +0.00¢ 0.12 +0.01f8 32.56 +0.392
3.50 + 72.00 + ) 031+ )
WF 11.00 + 1.52¢f 339 + 5.50i 12.20 £ 0.104 0.13 + 0.00f 1.8+0.11
0.074 3.602 0.004
78.40 + ) ) )
CF 2.80+0.61¢f  0.30 +0.09¢ 1612 330 +£5.77i 3.70 £ 0.1 0.03 £ 0.00¢ 0.55 +0.004 1.5+0.05!
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30.00 £
CoF 0.00f 0.00e 0.62¢ 3810 +95.04¢  3.00 +0.15% 0.00e 0.00h 0.00i
CC 15.99 + 60.00 £
13.00 £1.27¢ 5872 +51.582  16.00 +0.342 0.00¢ 0.00h 5.35+0.198
C 1.652 0.62¢
GN 14.84 + 22.00 £
24.00 +0.514 0.642 1026 2664 +50.645  4.80+0.05»  0.08 +0.00¢ 0.57 +0.014 5.53 £ 0.068

Dissimilar superscripts in a column indicate significant different (p<0.05)

FM- Fish meal, BC — By-catches, Soy — Soybean seeds, Ma- Maize, DW — Duckweed, Az- Azolla pinnata, RB — Rice bran,
SS — Shrimp shells, PFP - Palmyrah fruit pulp, RS - Red seaweed, WF- Wheat flour, CF- Cassava flour, CoF - Cornflour,
CCC- Coconut copra waste, GNC - Groundnut cake, and DW- Dry weight

The 15 fish feed ingredients are positioned in Figure 1 as a function of the two first components, which
accounted for 57.50 % of the total variance in the initial data. In interpreting the rotated component pattern,
we considered a parameter as a good contributor to the variation in the dataset when its component loading
was greater than 0.3 (Table 3).

—_ 4
O\o Ingredients
o 3] ® Azpolla pinnata
(o B By-catches
‘_; Cassava flour
o A Coconut copra waste
: 21 Maize
g 4 Corn Flour
(D] 14 ¥ Duckweed
g + Fishmeal
o X Ground nut cake
— 0 Palmyrah pulp
E ® Redseaweed
Q Ricebran
O -1 @ Shrimp shells
o A Soybean
g -2 » Wheat flour
o
N 3.

-3 -2 -1 0 1 2 3 4 5
First Component (36.30%)

Figure 1. PCA clustering of the ingredients
Cal- Calcium, Car- Carbohydrate, GE- Gross energy, Pho- Phosphate, Pro — Protein

Table 3. Pattern matrix
Principal components

Variable Component 1 Component 2
Proportion 0.363 0.212
Protein 0.490 0.042
Fat 0.286 -0.395
Carbohydrate -0.341 -0.215
Gross energy 0.267 -0.430
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Fiber 0.111 0.264
Calcium 0.409 0.330
Phosphorous 0.430 0.023
Ash 0.139 0.442
Price 0.321 -0.244
Availability 0.054 -0.421

Protein, calcium, phosphorus, and price contribute positively to component 1, whereas carbohydrate
content is related negatively to this component. Calcium and ash content correlated positively with
component 2 and Fat, gross energy, and availability were linked negatively to it.

The PCA allowed the clustering of the ingredients into four groups (Figure 1). Ingredients in Group 1,
including Azolla pinnata, shrimp shells, rice bran, duckweed, and red seaweed showed a positive correlation
with component 2 and they contain more fibre than the other group ingredients however, they are not rich
in fat and also not accessible throughout the year. Ingredients of Group 2, i.e. palmyrah fruit pulp, wheat
flour, corn flour, and cassava flour contain a high carbohydrate content and they would be excellent sources
of starch in fish feed formulation. Coconut copra waste, maize, groundnut cake, and soybean contained in
group 3 correlated poorly with component 2. They are an excellent source of protein with the advantages
that they are relatively affordable and available more frequently than the other groups. Ingredients in
group 4 showed a positive correlation with component 1 and incorporated by-catches and fish meal.
Obviously, fishmeal is the main ingredient in the formulation of commercial feeds [5]. These results seem
to indicate that these raw ingredients are containing higher crude protein and poor in carbohydrate and
therefore should be mixed with other nutrient components to formulate fish feed with optimum nutrient
composition.

The results of the clustering analysis indicate that for local fish feed formulation, the identified raw
ingredients in group 3 are possible to use as local fish feed ingredients available in the Northern region to
formulate fish feeds with satisfactory nutritional composition. It is in agreement with the study of Ghosh
and Mandal [12], which demonstrated the acceptable nutritional value of Groundnut oil cake as an
ingredient in the diet of rohu, Labeo rohita (Hamilton) fingerlings and had no adverse effect on growth and
feed utilization efficiency. Moreover, incorporation of GNC would be cost-effective as it is much cheaper
than FM. The results obtained by Yu et al. [21] suggested that higher soybean protein concentrate in the
feed mixture increases the bulk density and reduces the expansion ratio during the development of maize-

based extruded products.

Conclusion

The present study characterized the local fish feed ingredients in the Northern province for their nutrient
composition, price and availability. Among all ingredients, the present study identified the best cluster
including the ingredients: coconut copra waste, groundnut cake, maize, and soybean for fish feed
formulation in the aquaculture industry. Further investigation is needed to assess feed palatability and
growth of fish for the formulated fish feed using the above cluster with a satisfactory nutritional

composition.
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