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Abstract

Background: The aquaculture sector is the biggest consumer of fishmeal and the demand of this ingredient is higher
than the production. The replacement of fishmeal from aquafeed is a current research thrust. The replacement of
fishmeal has been possible with plant ingredients in many fish species, however, possesses some limitations in terms of
low digestibility and inadequate nutrient profile.

Results: Complete replacement of fishmeal in the diets of Cirrihinus mrigala was studied using specially designed
nutrient digestibility system. Two feeds were prepared, one with fishmeal as one of the ingredients (control feed) and
another with complete plant ingredients (test feed). Initially, forty C. mrigala fingerlings with average weight of 10.88 ±
0.17 g were stocked in six tanks. Fish were fed up to satiation twice daily (10:00 and 16:30 h) for a period of 45 days.
After 1 week of acclimatization, fecal samples were collected for 45 days. At the end of the experiment, no significant
differences (P > 0.05) were observed for somatic and serum parameters in two treatments. The digestibility coefficient
of dry matter, protein, lipid and energy, and three digestive enzymes; amylase, proteases, and lipase did not differ
significantly (P > 0.05) between the treatments. The whole body proximate compositions were similar between the
treatments. The test diet (containing linseed oil) fed group exhibited higher proportions of whole body linolenic acid
(ALA, 18:3n-3). However, eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3) did not vary in
both studied treatments.

Conclusion: The information obtained from this study revealed that fishmeal can be completely replaced from the
diet of C. mrigala without affecting their growth and nutrient digestibility and fatty acid composition.
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Background
Aquafeed industry is heavily dependent on fishmeal (FM)
due to the nutritional quality and high palatability. The
production of FM is almost static over the last decade
whereas the demand is huge (Tacon & Metian, 2015). The
price of this ingredient is increasing continuously thus

substitution of FM by alternate protein sources from
aquafeeds becomes a research priority. There are numer-
ous protein sources such as animal by products, oil meals,
insect meals, and single-cell proteins which can be used as
potential substitutes of FM in aquafeeds (Hua et al., 2019).
Terrestrial plant protein ingredients such as soybean meal,
rapeseed meal, groundnut oil cake, and corn gluten meal
have been used as suitable alternatives of FM in the diets
of fish because of their suitable nutritional properties and
high global availability at competitive prices.
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A number of studies were conducted to replace FM
with plant ingredients in several fish species which
showed restricted feed intake, low growth rate, less pro-
tein utilization, and caused physiological imbalances due
to less palatability, inadequate nutrient profile in terms
of amino acid, fiber content, and presence of anti-
nutritional factors (Francis, Makkar, & Becker, 2001;
Pratoomyot, Bendiksen, Bell, & Tocher, 2010; Turchini,
Torstensen, & Ng, 2009). The anti-nutritional factors
contribute to the poor digestion by altering the activities
of digestive enzymes and absorption of the nutrients by
different interactive processes. However, replacement of
a large proportion of dietary FM or complete replace-
ment with a suitable blend of plant protein has been
possible in many carnivorous, omnivorous, and herbiv-
orous fish species such as salmon (Crampton, Nanton,
Ruohonen, Skjervold, & El-Mowafi, 2010), tilapia (Tho-
baitia, Ghanima, Ahmeda, Sulimana, & Mahboob, 2018),
and common carp (Adekoya, Porcadilla, Varga, &
Kucska, 2018). It is of paramount importance to study
the effect of plant ingredients at different combinations
in a diet on growth, nutrient utilization, digestive physi-
ology, and health status of different fish species.
Growth is the important expression of fulfillment of

nutrient requirement and followed by nutrient
utilization in fish. A suitable blend of plant ingredients
compensates their nutrient deficiency and leads to a bet-
ter nutrient profile of feed which on utilization is trans-
lated into productivity. The nutrient utilization is best
assessed from the apparent digestibility coefficients
(ADC) of nutrients and energy in feedstuffs which also
helps for correct diet formulation. The ability of fish to
metabolize a diet depends on the physical and chemical
nature of the food and the availability of appropriate di-
gestive enzymes, which mediate specific degradation
pathways for maximum utilization of nutrients (Phillips,
1969). The capacity of digestion for certain food mate-
rials by an animal is predominately dependent on the
presence of appropriate enzymes (Weinrauch, Schaefer,
& Goss, 2019). The fish reared with fishmeal replaced
diet with plant ingredients may develop some unhealthy
condition which can be easily monitored through blood
biochemical analysis. The blood biochemical studies al-
ways help in the assessment of alteration in the physio-
logical state of fish exposed to any change in the feed,
feeding, and habitat (Acharya & Mohanty, 2019; Deng
et al., 2017). There are also many reports on blood meta-
bolic responses to inclusion of different plant ingredients
in the diet of carp (Kriton et al., 2018; Pradhan, Giri,
Mohanty, & Mohanty, 2020).
There are several benefits of long-chain polyunsatur-

ated fatty acids (PUFA) for the normal growth and
health status of the fish (Misra et al., 2006). However,
there is a paucity of information on the role of long-

chain PUFAs such as eicosapentaenoic acid (EPA, 20:5
n-3) and docosahexaenoic (DHA, 22:6 n-3) on the
growth performance of carps. Similarly, studies related
to the use of vegetable oil rich in n-3 fatty acid such as
alpha-linolenic acid (ALA, 18:3 n-3) to check the con-
version efficiencies in carps are also limited. Supplemen-
tation of linseed oil against the residual fish oil from FM
in a mixture of plant protein ingredients may be an ideal
strategy to improve the fatty acid profile of C. mrigala.
In the present study, the effects of complete substitu-

tion of FM by plant ingredient mixtures in C. mrigala
diets were evaluated through studying their growth per-
formance, feed utilization, nutrient digestibility, digestive
enzyme activity, blood biochemical changes, carcass
composition, and whole-body fatty acid profiles.

Methods
Experimental diets
Two feeds were prepared, one with fish meal (Control
feed) and then another one without FM only with plant
ingredients (test feed) (Table 1). All the ingredients were
procured from Central Institute of Freshwater Aquacul-
ture (CIFA) stores. In control feed, fishmeal was incor-
porated, which was absent in the test feed. Similarly,
mustard oil cake and linseed oil were added in the test
feed, which were absent in the control feed. The ingredi-
ents were grounded into powder and mixed. The feed
mixture was fortified with vitamin-mineral mixture and
oil and pelletized in semi-industrial motorized pelletizer.
The dried extruded pellets were then crumbled to ad-
equate size to fit into the mouth of the fish fingerlings,
packed in airtight plastic bags, and used for feeding. The
two feeds were iso-nitrogenous and iso-lipidic. The fatty
acid profiles for the experimental diets expressed as per-
centage of total fatty acids. Total saturated fatty acids
were 24.61% and 21.25% in the control and test feed, re-
spectively. Total monounsaturated fatty acids (mainly
oleic acid, 18:1 n-9) were 43.49% in the control feed and
42.29% in the test feed. Alpha-linolenic acid (18:3 n-3)
was 0.81 and 3.70% in control and test feed, respectively.
There was no EPA and DHA present in the test feed.

Fish, experimental system, and feeding
The Indian major carp, C. mrigala fingerling were
brought from CIFA farm and stocked in the FRP tanks.
Before stocking to the experimental tanks, the fish were
treated with potassium permanganate (KMnO4) solution
(1 ppm) to remove the ectoparasite, if any. Forty C. mri-
gala fingerlings were stocked in each tank with an initial
mean weight of 10.88 ± 0.17 g. The experimental tanks
were specially designed cylindro-conical FRP tanks of
200 L capacity. The tanks were equipped with a valve
that controls water passage into decanting reservoirs fit-
ted to the bottom of the tank for the collection of feces
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and uneaten food materials. Each tank was plumbed
with a water recirculation system with a water flow rate
of 3 lit/min. The aerated water was pumped into the
biofilter system and then to the overhead tank for circu-
lation into the tank. Three tanks were allocated under
each dietary treatment. The fish were acclimated to
these tanks and the experimental diets (control and test
feed, Table 1) for 1 week. Triplicate groups of fish were
fed till satiation, twice daily, at 10:00 and 16:30 h for 45
days. The daily feed supplied was recorded and uneaten
feed was collected after 30 min of feeding. The fecal
matter was collected daily morning in a plastic container
and stored in −80 °C for further analysis. The nutrient
content of fecal matter was analyzed for nutrient digest-
ibility following the direct digestibility method. During

the experimental period, water temperature was
28.55 °C, pH 7.4; DO 7.08 mg/l, the total alkalinity 72
mg/l; ammonia nitrogen 0.02 mg/l; nitrite nitrogen was
less than 0.01 mg/l. The nitrate-nitrogen 0.02 mg/l and
phosphorous were less than 0.01 mg/l in the experimen-
tal tanks.

Sampling
At the end of the trial, the fish were not supplied with
feed and allowed to starve for 24 h, counted and indi-
vidually weighed to determine survival rate, weight gain
(WG), specific growth rate (SGR), and feed conversion
ratio (FCR). Fifteen fish were randomly sampled from
each tank. Five fish were frozen at −20 °C for whole-
body proximate composition determination, five fish for
digestive enzymes, and from the rest five fish, blood
samples were collected from caudal venifuncture, killed,
and preserved at −80 °C for fatty acid analysis. The fish
were kept for digestive enzyme analysis dissected to
obtain liver and viscera. Viscerosomatic index (VSI) and
hepatosomatic index (HSI) were also calculated. The in-
testine contents were smoothly removed; 10 cm of the
anterior intestine (AI) was cut and rinsed with ice-cold
saline solution. The tissue was homogenized in 50mM
cold phosphate buffer (pH 7.0) in an ultrasonicator at ra-
tios of 1:10 (tissue: buffer) and the homogenate was cen-
trifuged at 5000×g for 20 min. All the operations were
carried out at 4 °C. The supernatant containing the en-
zymes was stored at −20 °C until analyzed. The blood
sample were collected both with addition of heparin and
without anticoagulant. Serum was separated from the
coagulated blood by centrifugation at 5000 rpm for 5
min at 4 °Cand thereafter stored at −20 °C for further
analysis.

Proximate analysis
The moisture, crude protein, crude lipid, and ash were an-
alyzed using standard methods (AOAC, 1998). The mois-
ture was determined by oven drying to constant weight at
110 °C for 24 h. However, the moisture content of fecal
matter was removed using lyphilizer. Crude protein con-
tent was determined by Kjeldahl analysis (nitrogen × 6.25;
Kjeltec Autoanalyzer, Vapodest-50, Gerhardt, Germany).
Crude fat was determined by Soxhlet extraction using pet-
roleum ether (60–80 °C boiling point) on a Soxtec System
(Pelican instruments, Chennai, India). The ash content
was determined by igniting a porcelain crucible in a muffle
furnace at 550 °C for 4 h. Gross energy of the feeds was
determined using a bomb calorimeter (IKA C5003 con-
trol, Japan).

Fatty acid analysis
Feed and flesh were homogenized in (2:1 v/v) chloroform-
methanol mixture containing 0.01% BHT with a mechanical

Table 1 Dietary formulation (g kg−1) and chemical analysis (g
kg−1 dry matter) of the experimental diet

Feed ingredients Dietary treatments

Control feed Test feed

Soya bean meal 200.0 299.1

Groundnut oil cake 350.0 141.5

Mustard oil cake 0.00 236.4

Rice bran 380.0 293.0

Fish meal 50.0 0.00

Linseed oil 0.00 10.0

Vitamina and mineralb Premix 20.0 20.0

Chemical composition

Crude protein 307.4 306.2

Crude lipid 72.4 67.8

Ash 117.5 122.7

Fiber 98.4 101.4

NFEC 404.3 401.9

Total energy (MJkg−1) 17.12 16.92

Fatty acids

ΣSFAd 24.61 21.25

ΣMUFAe 44.82 42.29

ΣPUFAf n-6 27.16 27.40

18:3 n-3 0.81 3.70

20:5 n-3 0.15 ND

22:6 n-3 0.39 ND

ΣPUFA n-3 1.35 3.70
aVitamin (IU or g kg−1 premix): retinol palmitate, 50,000 I.U; thiamine, 5;
riboflavin, 5; niacin, 25; folic acid, 1; pyridoxine, 5; cyanocobalomin, 5; ascorbic
acid, 10; cholecalciferol, 50,000 IU; α-tocopherol, 2.5; menadione, 2; inositol, 25;
pantothenic acid, 10; choline chloride, 100; biotin, 0.25
bMinerals (g kg−1): CaCO3, 336; KH2PO4, 502; MgSO4.7H2O, 162; NaCl, 49.8;
Fe(II) gluconate, 10.9; MnSO4.H2O, 3.12; ZnSO4.7H2O, 4.67; CuSO4.5H2O, 0.62;
KI, 0.16; CoCl2.6H2O, 0.08; ammonium molybdate, 0.06; NaSeO3, 0.02
CNitrogen free extract (NFE): 1000- (protein + lipid + fiber + ash)
dSFA saturated fatty acid
eMUFA mono unsaturated fatty acid
fPUFA poly unsaturated fatty acid
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stirrer. Total lipids were prepared as per the method de-
scribed by Folch, Leeds, and Sloane-Stanley (1957). The
weight of lipids was determined gravimetrically after evapor-
ation of the solvent. Fatty acid methyl esters (FAME) were
prepared by acid-catalyzed transesterification of total lipids
according to the method of Christie (1982). Fatty acid methyl
esters were separated by a gas chromatograph equipped with
a flame ionization detector (Shimadzu GC-2010, Kyoto,
Japan) on a DB-25 capillary column (20m × 0.10mm I.D.,
0.10 μm, J&W Scientific, Santa Clara, CA, USA). The detailed
separation method was followed as per Pradhan, Giri,
Mohanty, and Narasimmalu (2019). The fatty acids were
identified using FAME standards. Area percentage normal-
ized values for the fatty acids were taken as weight
percentages.

Analysis of digestive enzymes
Three digestive enzymes such as protease, amylase, and
lipase were determined. Protease activity of the intestine
was measured following the casein digestion method de-
scribed by Kunitz (1947). The reaction mixture consisted
of 1% casein as substrate (0.25 mL), phosphate buffer
(pH 7.0) (1 ml), and tissue homogenate (0.25 ml) was in-
cubated at 37 °C for 2 h. The reaction was stopped by
adding 10% trichloroacetic acid (TCA), kept for over-
night at 4 °C, centrifuged for 10 min, and the super-
natant was collected. The protein concentration of
supernatant was measured at 600 nm following Lowry,
Rosebrough, Farr, and Randall (1951). The activity of
protease enzyme was determined as microgram hydro-
lyzed proteins released per min per milliliter sample.
Amylase activity was assayed with 1% (w/v) starch so-

lution as substrate in 0.05M phosphate buffer. A total of
0.5 ml of substrate solution was added to 0.25 ml of en-
zyme preparation. The reaction mixture was incubated
at room temperature for 15 min. Dinitrosalicylic acid
(DNS) was added and kept in a boiling water bath for
10 min. Forty percent sodium-potassium tartrate was
added to stop the reaction. After cooling, the reaction
mixture was diluted with distilled water and absorbance
was recorded at 575 nm. Amylase activity was deter-
mined from the glucose standard curve and expressed as
microgram reducing sugars released per min per milli-
liter (Bergmeyer, 1974).
Lipase activity was determined following Love (1986),

with the principle that when the substrate 1,2-O-
dilauryl-rac-glyero-3-glutaric acid-(6′methyl-resorufin)-
ester is cleaved by pancreatic lipase and the resulting
carboxylic acid ester is hyrolyzed under the alkaline test
conditions to yield the chromophoremethylresorifine.
The kinetic of color formation at 580 nm is monitored
and it is proportional to lipase activity in sample. It is
represented in the unit u/l.

Analysis of blood metabolites
The heparinated blood samples were analyzed for
hemoglobin concentration by the cyanmethemoglobin
method. The serum was used to determine the glucose
by enzymatic methods. Total serum protein, albumin,
cholesterol, triglycerides, HDL, and LDL were deter-
mined from serum by using a commercial kit (Chema
diagnostic, Mansano (AN) Italy-EU). Globulin was deter-
mined by deducting albumin value from protein value
and VLDL was determined from the fifth fraction of tri-
glyceride values. All samples were analyzed in duplicates
following the manufacturer’s instructions.

Calculations and statistical analysis
The weight gain, specific growth rate (SGR), viscera-
somatic index (VSI), hepato-somatic index (HSI), sur-
vival percentage, and protein efficiency ratio (PER) were
determined from the following formula:

Weight gain gð Þ ¼ Final weight gð Þ − Initial weight gð Þ
SGR ¼ 100� ln Final weight gð Þð Þ − ln Initial weight gð Þð Þ½ �

�Days of experiment − 1

Hepato − somatic index HSIð Þ
¼ 100� Weight of liver gð Þ½ �

� Weight of fish gð Þ½ � − 1

Viscero − somatic index VSIð Þ
¼ 100� Weight of viscera gð Þ½ �

� Weight of fish gð Þ½ � − 1

Survival% ¼ �
Number of fish on final harvest

�x Number of fish at initial stocking − 1Þ � x100

Feed conversion ratio FCRð Þ
¼ Feed intake gð Þ �Wet weight gain kgð Þ − 1

Protein efficiency ratio PERð Þ
¼ Weight gain kgð Þ � Crude protein fed kgð Þ − 1

The apparent digestibility coefficients (ADCs) of the
nutrients were measured using the direct method and
can be described as:

ADC ¼ 100 −
�
100� %of nutrient voided in faecesð Þ

� %of nutrient ingested in feedð Þ − 1�
All the data were represented in average ± standard

error. Data were analyzed through students T test using
the SPSS (SPSS 16.0).

Results
Growth
The final average weight showed around 4 g increment
over the initial weight. The final average weight and
weight gain of C. mrigala were alike between the
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treatments and no significant difference (P > 0.05)
was observed. The group of fish received both fish-
meal and plant ingredient-based diets showed similar
feed conversion ratio (FCR). The SGR, VSI, HSI, and
PER between the treatments also did not exhibit any
difference (Table 2).

Nutrients digestibility
The nutrient digestibility of control and test feed in C.
mrigala is presented in Table 3. The dry matter intake
from the control feed and test feed were 260.55 and
253.72 g, respectively, and was not significantly different
(P > 0.05) between the treatments. The fecal dry matter
voided by the fish during the nutrient digestibility study
also did not significantly vary from each other. The ap-
parent digestibility coefficient (ADC) of dry matter of
the control feed was 94.43% and was similar (P > 0.05)
to that of the test feed (94.51%). The organic matter
(OM) digestibility also did not vary from each other.
The ADC of crude protein and crude lipid for control
feed was 92.16 and 90.01%, respectively. Whereas, the
ADC of crude protein and crude lipid for test feed was
90.25 and 89.12%, respectively and no significant differ-
ence (P > 0.05) was evident between the two feeding
treatments. Nitrogen digested for control and test feed
was 11.59 and 11.02 g, respectively. The percentage of
nitrogen digestibility from total nitrogen intake was
90.45 and 88.76% for control and test feed respectively.
Gross energy intake per day 39.98 and 37.27 kcal for
control and test feed groups and was not significantly
different (P > 0.05) from each other. The daily loss of
fecal energy from the control feed group (3.38 kcal) was
similar with the daily loss (3.84 kcal) of the test feed

group. Total digestible energy for control feed fed group
and test feed fed group per day was 36.6 kcal and 33.42
kcal, respectively. The ratio of digestible energy to gross
energy between the treatments showed no significant
difference.

Digestive enzymes activity
The intestinal amylase activity of C. mrigala was 15.33
and 15.57 micromoles of maltose released min−1 mg−1

protein fed control and test feed, respectively, and did
not show any significant difference (P > 0.05) between
each other. There was no significant difference (P >
0.05) in the activities of protease between the treatments.
The protease activity of C. mrigala was 43.07 and 42.55
micromoles of tyrosine released min−1 mg−1 protein in
the control and test feed fed group, respectively. Simi-
larly, the lipase activity in C. mrigala intestine fed con-
trol and test diet showed no significant (P > 0.05)
difference between each other (Table 4).

Table 2 Growth performance of C. mrigala fed with fishmeal
(control feed) based feed and complete vegetable ingredient
(test feed) based feed

Particulars Dietary treatments

Control feed Test feed
1IBW (g) 10.88 ± 0.17a 10.88 ± 0.17a

2FBW (g) 14.66 ± 0.09a 14.98 ± 0.10a

3WG (g) 3.91 ± 0.33a 3.98 ± 0.35a

SGR% 0.66 ± 0.10a 0.71 ± 0.10a

FCR 1.85 ± 0.01a 1.77 ± 0.02a

PER 4.93 ± 0.46a 5.11 ± 0.42a

HSI 0.51 ± 0.02a 0.59 ± 0.04a

VSI 4.3 ± 0.2a 4.64 ± 0.3a

Survival (%) 98.6 ± 0.03a 98.4 ± 0.02a

Means of each parameter in the same row with similar superscript are not
significantly different
1IBW initial body weight
2FBW final body weight
3WG weight gain

Table 3 Nutrient digestibility, nitrogen (N), and gross energy
(GE) balance of experimental feed in C. mrigala fingerlings

Particulars Control Feed Test Feed

Dry matter (DM) intake (g) 260.55 ± 9.57a 253.72 ± 9.16a

Fecal DM voided 14.52 ± 0.91a 13.98 ± 0.88a

DM digested 246.04 ± 7.36a 239.72 ± 7.84a

% DM digestibility 94.43 ± 1.21a 94.51 ± 1.89a

Organic matter (OM) intake (g) 229.94 ± 4.20a 222.48 ± 4.77a

OM voided (g) 24.26 ± 1.10a 27.9 ± 1.61a

OM digested (g) 205.68 ± 5.00a 194.58 ± 5.37a

% OM digestibility 89.45 ± 2.10a 87.46 ± 2.90a

Crude protein (CP) intake (g) 80.12 ± 2.10a 77.65 ± 2.97a

CP voided in feces (g) 6.28 ± 0.94a 7.57 ± 0.70a

CP digested (g) 73.81 ± 2.06a 70.12 ± 2.06a

% CP digestibility 92.16 ± 2.05a 90.25 ± 2.44a

Crude lipid (CL) intake (g) 18.86 ± 1.26a 17.19 ± 1.21a

CL voided in feces (g) 1.89 ± 0.01a 1.89 ± 0.02a

CL digested (g) 16.977 ± 1.26a 15.30 ± 1.22a

% CL digestibility 90.01 ± 2.13a 89.12 ± 2.22a

Nitrogen (N) intake (g) 12.82 ± 0.58a 12.42 ± 0.55a

N voided in feces (g) 1.22 ± 0.01a 1.4 ± 0.02a

N digested (g) 11.59 ± 0.57a 11.02 ± 0.67a

% Nitrogen digestibility 90.45 ± 2.50a 88.76 ± 2.44a

Gross energy intake (Kcal/day) 39.98 ± 1.55a 37.27 ± 1.46a

Fecal energy loss (Kcal/day) 3.38 ± 0.07a 3.84 ± 0.09a

Digestible energy (Kcal/day) 36.6 ± 1.54a 33.42 ± 1.55a

% Digestible energy 91.54 ± 2.75 89.66 ± 3.12

DE:GE ratio 0.91 ± 0.02a 0.89 ± 0.02a

Means of each parameter in the same row with similar superscript are not
significantly different
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Whole-body composition of C. mrigala fingerlings
The whole-body proximate composition is presented in
Table 5. There was no significant difference (P > 0.05)
between the moisture content of the control and test
group. The crude protein (CP) content was 17.10 and
17.19% for the control and test group, respectively.
Whereas, the initial CP content of C. mrigala was
16.05% of body composition. The crude lipid and ash
content of both control and test group were similar and
did not show any statistical difference (P > 0.05).

Whole-body fatty acids profile of C. mrigala fingerlings
The whole-body fatty acid profile of C. mrigala fed to
experimental feeds is presented in Table 6. The fatty
acids C14:0, C16:0, and C18:0 were the dominated
among saturated fatty acids in both studied treatments
and were alike without any significant (P > 0.05) differ-
ence. The total saturated fatty acid (SFA) content of C.
mrigala was 44.01 and 46.76 percentage fed control and
test feed, respectively and no significant difference (P >
0.05) was noticed between the two treatments. The C18:
1 was 75.45 and 72.5% of the total monounsaturated
fatty acid (MUFA) in control and test feed groups, re-
spectively, without any statistical difference (P > 0.05)
between the treatments. The total MUFA contents both
for control (27.19%) and test (28.00%) group were alike
and did not show any significant (P > 0.05) difference.
The polyunsaturated fatty acid (PUFA) content of both
the treatments was alike (P > 0.05). The alpha ALA con-
tent was significantly higher in the test group. However,
the EPA and DHA content of C. mrigala did not show

any significant difference (P > 0.05) between each other.
The sum of PUFA n-3 of the control group was not sig-
nificantly different than the test group and the values
were 9.29 and 10.05% for control and test feed, respect-
ively. The ratio of saturated to PUFA and n-6 to n-3
showed no significant difference between the treatments.

Table 4 Intestinal digestive enzyme activity of C. mrigala
fingerlings fed experimental diets

Particulars Control feed Test feed

Protease (micromoles of tyrosine
released min−1 mg−1 protein)

43.07 ± 1.62a 42.55 ± 1.07a

Amylase (micromoles of maltose
released min−1 mg−1 protein)

15.33 ± 0.61a 15.57 ± 0.46a

Lipase (U/l) 19.80 ± 1.92a 19.46 ± 0.99a

Means of each parameter in the same row with similar superscript are not
significantly different

Table 5 Body composition (%) of C. mrigala fingerlings fed
experimental diets

Particulars
(NS)

Beginning End of the experiment

Control feed Test feed

Moisture 74.45 ± 0.32 71.41 ± 0.19a 71.50 ± 0.33a

Protein 16.05 ± 0.12 17.10 ± 0.27a 17.19 ± 0.21a

Lipid 2.08 ± 0.08 2.21 ± 0.29a 2.13 ± 0.17a

Ash 5.09 ± 0.56 6.89 ± 0.22a 6.78 ± 0.30a

Means of each parameter in the same row with similar superscript are not
significantly different

Table 6 Whole-body fatty acid (% of total fatty acids) profile of
C. mrigala fed experimental diets

Fatty acids Control feed Test feed

C10:0 0.33 ± 0.02a 0.37 ± 0.02a

C12:0 0.23 ± 0.02a 0.18 ± 0.01a

C13:0 13.09 ± 0.40a 16.70 ± 1.35a

C14:0 0.83 ± 0.05a 0.90 ± 0.15a

C15:0 0.41 ± 0.02a 0.38 ± 0.01a

C16:0 15.78 ± 0.09a 16.15 ± 0.59a

C17:0 0.23 ± 0.03a 0.24 ± 0.00a

C18:0 9.53 ± 0.27a 7.82 ± 0.28a

C20:0 0.35 ± 0.04a 0.38 ± 0.05a

C21:0 ND 0.30 ± 0.02

C22:0 0.44 ± 0.02a 0.40 ± 0.05a

C23:0 2.48 ± 0.12a 2.54 ± 0.19a

C24:0 0.31 ± 0.05a 0.38 ± 0.02a

ΣSFA 44.01 ± 0.46a 46.76 ± 0.76a

C14:1 2.02 ± 0.96a 2.45 ± 0.07a

C15:1 0.38 ± 0.02a 0.39 ± 0.03a

C16:1 2.11 ± 0.13a 2.37 ± 0.24a

C17:1 0.28 ± 0.02a 0.25 ± 0.00a

C18:1 20.50 ± 0.24a 20.30 ± 1.26a

C20:1 0.90 ± 0.03a 1.39 ± 0.23a

C22:1 0.49 ± 0.05a 0.29 ± 0.04a

C24:1 0.51 ± 0.05a 0.56 ± 0.05a

ΣMUFA 27.19 ± 0.93a 28.00 ± 1.72a

C18:2n6 9.34 ± 0.10a 8.29 ± 0.38a

C18:3n6 0.43 ± 0.04a 0.50 ± 0.00a

C20:2n6 0.77 ± 0.05a 0.79 ± 0.04a

C20:3n6 5.25 ± 0.15a 5.01 ± 0.24a

C20:4n6 0.42 ± 0.01 ND

C22:2n6 0.77 ± 0.05a 0.14 ± 0.01a

Σ PUFA n-6 16.98 ± 0.14a 14.74 ± 0.58a

C18:3n3 2.24 ± 0.24a 4.05 ± 0.09b

C20:5n3 0.55 ± 0.04a 0.48 ± 0.02a

C22:6n3 6.50 ± 0.21a 5.52 ± 0.32a

Σ PUFA n-3 9.29 ± 0.38a 10.05 ± 0.42a

SFA/PUFA 1.67 ± 0.14a 1.89 ± 0.18a

n-6/n-3 1.83 ± 0.15 1.47 ± 0.17

Data are expressed as mean ± SE (n = 15)
Means of each parameter in the same row with similar superscript are not
significantly different
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Blood biochemical constituents of C. mrigala fingerlings
The blood parameters of C. mrigala fed experimental
feeds are presented in Table 7. The blood hemoglobin
concentration of C. mrigala was 4.93 and 4.20 g/dl for
control and test feed, respectively, and did not show any
significant difference between each other. Moreover, the
serum glucose concentration of C. mrigala fed control
feed (56.26 mg/dl) was statistically similar to that of test
feed (55.67 mg/dl). Furthermore, the total serum protein,
albumin, and globulin also exhibited similarity between
the treatments. The serum triglyceride of C. mrigala fed
control feed was 100.6 mg/dl which was not significantly
different with the triglyceride concentration (99.9 mg/dl)
of test feed groups. Similarly, cholesterol, HDL, LDL,
and VLDL found independent of two types of feeding
treatments with no significant difference was noticed.

Discussion
Cirrhinus mrigala is one of the most important aquacul-
ture species in India and cultured along with two other
major carps Catla catla and Labeo rohita in polyculture
systems. It is a detritivorous and naturally accustomed
to eating planktons or plant ingredients. In general, glo-
bal average of 5% fishmeal is used for carp species
(Tacon & Metian, 2008). The present experiment was
designed to check the complete replacement of FM with
plant ingredient mixture in the diet of C. mrigala. It was
evidenced from available literatures that FM replaced
diet with plant ingredients influenced growth, feed effi-
ciency, nutrient digestibility, and body composition of
fish (Aksnes, Hope, Høstmark, & Albrektsen, 2006; Fon-
taínhas-Fernandes, Gomes, Reis-Henriques, et al., 1999).
In this study, irrespective of the dietary ingredients com-
position, attributed similar growth and weight gain for
C. mrigala. This could be due to the same level of diet-
ary energy (DE) and dietary protein (DP) in both the

diets. Preceding studies (Dias et al., 2009; Kaushik, &
Cove’s, D., Dutto, G.,, & Blanc, D., 2004) suggested that
the nutrient makeup of the feed is more important than
the ingredients in the feed for the growth performance
of fish. Adequate balance of indispensable amino acid
profile in the feed can be achieved through a sensible
blend of different plant protein sources (Dias et al.,
2009; Silva, Espe, Conceição, Dias, & Valente, 2009). In
the present study, the test feed, containing different
plant ingredient mixture, was probably sufficient to meet
the nutrient requirement of the fish species. The specific
growth rate and protein efficiency ratio of C. mrigala fed
these two diets in the present experiment did not vary
suggesting the protein utilization from these to feed
sources were also similar.
Digestibility is important in determining the nutrients

availability to fish for growth. However, there are many
post-absorptive factors that influence nutrient utilization
and growth. In addition, the nutrient digestibility is very
much dependent on the composition of ingredients used
in the feed. In this study, the dry matter and protein di-
gestibility of C. mrigala fed the test feed was similar in
comparison to FM-based control feed. This indicated
the ability of C. mrigala in utilizing the plant ingredients
efficiently. In preceding studies, the digestibility of plant
ingredients such as soybean meal, sesame oil cake, lin-
seed oil cake, and mustard oil cake were reported in
range of 76.16 to 84.05% in comparison to 80.23% of FM
in carp, rohu (Hossain, Nahar, & Kamal, 1997). It is con-
firmed from the present study that the carp species can
efficiently utilize more than 80% nutrient digestibility
from plant ingredients present in their diet. The ADC of
protein for two feeds was about 90%, which was similar
to protein digestibility of carp-fed plant ingredients in
other studies (Hasan, Macintosh, & Jauncey, 1997). The
ADC of lipid in both the feeds were around 90%, which
is similar to the reported values in other fishes such as
silver barb (93.6-94.8%) (Mohanta, Mohanty, Jena, &
Sahu, 2007), rohu (90.42-94.05%) (Hossain et al., 1997),
and mrigal (92.1-98.1%) (Singh, 1991) fed different plant
protein-based practical diets. The ADC of energy was
around 90% in C. mrigala and similar in both the feeds,
which were also higher than the reported values in com-
mon carp (66.5-81.1%) (Hossain & Jauncy, 1989) fed dif-
ferent plant protein-based diets. The ADCs of protein,
lipid, and energy around 90% found in all the diets in
our study indicated that the nutrients present in the di-
ets are fairly digestible.
Digestion is the biodynamics of enzymes. The know-

ledge of digestive enzyme activities helps in selecting the
right ingredient for feed formulation for a species. The
carbohydrase activity in fish gut is also largely affected
by the dietary carbohydrate level and source (Kamalam,
Medale, & P, S., 2017). In the present study, both the

Table 7 Blood biochemical constituents of C. mrigala
fingerlings fed experimental diets

Particulars Control feed Test feed

Hemoglobin (g/dl) 4.93 ± 0.15a 4.20 ± 0.20a

Glucose (g/dl) 56.26 ± 3.46a 55.67 ± 2.52a

Protein (g/dl) 3.01 ± 0.04a 2.80 ± 0.09a

Albumin (g/dl) 1.44 ± 0.08a 1.36 ± 0.10a

Globulin (g/dl) 1.57 ± 0.35a 1.44 ± 0.11a

Triglyceride (mg/dl) 100.6 ± 0.91a 99.9 ± 3.4a

Cholesterol (mg/dl) 91.68 ± 2.31a 94.14 ± 1.53a

HDL(mg/dl) 77.36 ± 2.78a 72.74 ± 1.28a

LDL (mg/dl) 74.80 ± 4.82a 70.04 ± 3.33a

VLDL (mg/dl) 20.12 ± 1.08a 19.99 ± 0.67a

Means of each parameter in the same row with similar superscript are not
significantly different
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feeds contain an equal amount of carbohydrate, which
could be the reason for equal amylase activities in C.
mrigala fed both the feeds. Digestive enzymes are very
much dependant on feed composition and age/or stage
of development (Chaudhuri, Mukherjee, & Homechaud-
huri, 2012; Cousin, Laurencin, & Gabaudan, 1987). The
stage of growth of fish used for the present experiment
was the same and the equal activities of the digestive en-
zymes in C. mrigala fed both the diets suggested that C.
mrigala utilized the nutrients irrespective of the source.
In the present study, whole-body proximate composi-

tions of C. mrigala did not differ significantly among the
dietary treatments. Similar observations were made in
the whole-body protein content of Nile tilapia (El-Saidy
& Gaber, 2003) and carp (Pongmaneerat, Watanabe,
Takeuchi, & Satoh, 1993) when fed plant protein mix-
ture feeds against fish meal containing feeds. The whole
body lipid content of C. mrigala in the both the treat-
ments were also the same. The presence of fish oil from
the fishmeal source was evident with the presence of
EPA and DHA in the fatty acid composition of feed
(Table 1), however, that did not influence the whole
body lipid composition of C. mrigala.
The fatty acid profiles of C. mrigala were not signifi-

cantly affected by the dietary treatments except the
ALA content. The fish fed with linseed oil supple-
mented feed deposited a significantly higher amount of
ALA in their flesh. This clearly indicated the higher
amount of ALA in the test feed resulted in higher flesh
ALA content. In this connection, preceding studies
(Glencross, 2009; Tocher, 2003; Turchini & Francis,
2009) described that modification of tissue fatty acid in
fin fish were possible with the substitution of fish oil
with other dietary lipid. However, the possibility of fatty
acids undergo changes through metabolic processes, in-
volving utilization for energy production (b-oxidation),
bio-conversion (chain elongation and desaturation),
and de novo fatty acid production (lipogenesis) cannot
be ignored (Tocher, 2003). Linseed oil was used in this
study because of the abundance of n-3 PUFA, ALA in
linseed oil, precursor of longer, more unsaturated and
health-promoting n-3 long-chain-PUFA, EPA, and
DHA (Turchini et al., 2009). In the present experiment,
the whole body EPA and DHA contents were similar in
both the treatments, indicating bioconversion of ALA
into LC-PUFAs. There was also no superiority in flesh
fatty acid observed in fish fed with control feed which
had residual fish oil.
Replacement of FM and FO by plant ingredients did

not influence the blood biochemical constituents in C.
mrigala in the present experiment which agrees to the
earlier observations in C. carpio (Stepanowska &
Sawicka, 2006) fed with fishmeal replaced diet with plant
ingredients.

Conclusion
The study indicated that growth, nutrient utilization,
body composition, and blood metabolites of Indian
major carp, C. mrigala, are not influenced by completely
replacing fish meal by a mixture of plant protein ingredi-
ents in their diets. The nutrient digestibility percentage
of both FM-based diet and plant ingredient-based diet
was similar which indicated the ability of C. mrigala in
utilizing the plant ingredients efficiently. The residual
fish oil from the FM did not change the fatty acid profile
of C. mrigala and was similar to the group fed with a
linseed oil-based test diet. Supplementation of linseed oil
in the feed increased the flesh ALA concentration, with-
out increasing the EPA and DHA levels. This feed is a
practical formulation with suitable nutrient digestibility
and can be provided to Indian major carps in a polycul-
ture system.
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