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Abstract
A 7-week feeding trial was conducted to investigate the effect of two protein hydroly-
sates: fish hydrolysate (FH) and shrimp hydrolysate (SH) as feed supplement on growth
performance and feed utilization of juvenile striped catfish, Pangasius hypophthalmus.
Three isonitrogenous (32% crude protein) and isolipidic (12% crude lipid) experimental
diets were formulated: diet 1, control (no supplementation of protein hydrolysates); diet 2,
supplemented with 2% FH; and diet 3, supplemented with 2% SH. Each of the diets was
fed to triplicate groups of 15 juveniles (initial mean weight of 6.99 g) twice a day until
apparent satiation. The results showed that both FH and SH diets exerted positive impact
on the growth and feed conversion ratio (FCR) of fish, but the improvement was more
pronounced in the former as fish fed with FH diet showed significantly higher (P<0.05)
specific growth rate (2.20% day−1), weight gain (193.68%), and better FCR (1.23)
compared to those fed with control, yet no significant difference was recorded for these
metrics between the control and SH group. Besides, fish fed with SH diet had signifi-
cantly higher hepatosomatic index than those fed with control, and its viscerosomatic
index was the highest among all treatment groups. The present study suggested that FH is
a potential feed supplement for enhancing feed utilization and growth performance of
juvenile striped catfish.
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Introduction

Plant protein source is one of the most viable alternatives to fish meal because it is readily
available and the production is considered environmentally and economically sustainable (Hua
et al. 2019; Turchini et al. 2019). However, the presence of antinutritional factors and phytic
acid is one of the shortcomings of plant protein source (Chau 2012; Daniel 2018). As such,
high inclusion level of plant protein sources such as soybean meal and other oilseed meals in
aquafeed often leads to reduction of feed palatability and feed intake as well as potential loss in
fish growth.

Generally, protein in the aquatic animal byproducts is in macromolecule form and com-
posed of 20 amino acids bonded with peptide bonds (Hou et al. 2017). These large molecules
are hydrolyzed into small peptides and amino acids via fermentation, chemical hydrolysis, or
enzymatic hydrolysis during production of protein hydrolysate (Kristinsson and Rasco 2000),
and thus these free amino acids contribute to better absorption in fish (Roslan et al. 2014).
Protein hydrolysate produced from industrial residues has good nutritional value owing to its
high protein content and essential amino acids (Roslan et al. 2014). Previous studies showed
that supplementation of fish protein hydrolysates at appropriate dietary level exerted beneficial
effect on growth performance, feed utilization, antioxidant activity, and immune response of
fish (Ha et al. 2019; Siddik et al. 2021). It has also been suggested that protein hydrolysate
could mimic the attractant effect of fish bait and stimulate the feeding of Atlantic cod, Gadus
morhua (Siikavuopio et al. 2017). Therefore, the addition of protein hydrolysate is believed to
be a cost-effective way to overcome the drawbacks of high inclusion of plant protein in
aquafeed.

In Malaysia, striped catfish production has reached 17,649 metric tons valued at RM 114
million in 2019 (DOF 2021). The local demand for striped catfish is ascribed by the affordable
price and its favorable characteristic: boneless and neutral in taste (Othman et al. 2017).
However, in order to reduce feeding costs, farmers tend to practice feeding striped catfish
with chicken intestine which risks jaundice disease in fish (Luu 2013). As such, the develop-
ment of more cost-effective and high-performance aquafeed would greatly benefit the catfish
farming industry. Therefore, the aim of this project was to determine the effects of supple-
mentation of fish and shrimp protein hydrolysates into the plant-based diet on feed intake and
subsequent impact on feed utilization and growth performance of juvenile striped catfish.

Materials and methods

Experimental diets

Three isonitrogenous (32.08–32.67% crude protein) and isolipidic (12.43–12.50% crude lipid)
experimental diets were formulated as shown in Table 1. Apart from protein hydrolysate, the
ingredient composition of all diets was similar to each other. The experimental diets were
designated as 2% fish hydrolysate (FH), 2% shrimp hydrolysate (SH), and a control (no added
FH or SH) where the FH or SH diets were incorporated with 20 g kg−1 FH or SH, respectively.
The two protein hydrolysates were provided by a local supplier. The amino acid composition
of the protein hydrolysates is listed in Table 2. Soybean meal was the major dietary protein
source, contributing 75% of the total crude protein in the experimental diets, while Danish fish
meal contributing to another 25% of total crude protein; corn starch was included as the
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Table 1 Ingredient and proximate composition of experimental diets1

Dietary treatments2

Control FH SH

Ingredient (g kg−1)
Fish meal 103.7 103.7 103.7
Soybean meal 407.7 407.7 407.7
Fish oil 104.8 104.8 104.8
Corn starch 285.3 285.3 285.3
Vitamin premix3 30.0 30.0 30.0
Mineral premix4 20.0 20.0 20.0
Carboxymethyl cellulose 15.0 15.0 15.0
Fish hydrolysate 0.0 20.0 0.00
Shrimp hydrolysate 0.0 0.0 20.00
Alpha-cellulose 33.5 13.5 13.5
Proximate composition
Dry matter (%) 91.62 ± 0.24 90.98 ± 0.28 90.81 ± 0.28
Crude protein (%) 32.08 ± 0.13 32.67 ± 0.26 32.49 ± 0.28
Crude lipid (%) 12.43 ± 0.05 12.45 ± 0.05 12.50 ± 0.00
Ash (%) 8.07 ± 0.02 8.10 ± 0.02 8.11 ± 0.08
Crude fiber (%) 1.02 ± 0.15 0.94 ± 0.09 0.92 ± 0.11
Nitrogen free extract (%) 38.02 36.83 36.79

1 Proximate composition of diets, with the exception of nitrogen free extract, are presented as mean ± SE (n=3).
No significant difference was recorded among dietary treatment (P<0.05)
2 Experimental diets nomenclature: fish hydrolysate (FH); shrimp hydrolysate (SH)
3 Vitamin premix (content kg−1 ) = vitamin A, 50 MIU; vitamin D3, 10 MIU; vitamin E, 130 g; vitamin B1, 10 g;
vitamin B2, 25 g; vitamin B6, 16 g; vitamin B12, 100 mg; biotin, 500 mg; panthothenic acid, 56 g; folic acid, 8 g;
niacin, 200 g; anticake, 20 g; antioxidant, 0.2 g; vitamin K3, 10 g
4Mineral premix (content kg−1 ) = copper, 7.5 g; iron, 125 g, manganese, 25 g; zinc, 125 g; cobalt, 0.5 g; iodine,
0.175 g; selenium, 0.3 g; anticake, 10 g

Table 2 Amino acid content (%) of shrimp hydrolysate and fish hydrolysate used in the experiment1

Amino acids (%) Amino acids (%)

Hydrophobic FH2 SH3 Hydrophilic FH SH

Alanine 8.1 9.2 Serine 4.4 4.2
Valine 4.6 6.5 Threonine 4.3 4.4
Leucine 6.6 7.7 Cysteine 0.8 3.1
Isoleucine 3.5 5.3 Asparagine 8.2 9.7
Proline 6.6 4.2 Glutamine 12.7 13.7
Phenylalanine 3.5 5.0 Tyrosine 2.8 3.8
Methionine 2.4 2.5 Lysine 7.1 6.7
Tryptophan 0.9 0.0 Arginine 6.9 4.5

Histidine 5.1 2.7
Glycine 11.5 6.8
Aspartate 0.0 0.0
Glutamate 0.0 0.0

Total 36.2 40.4 63.8 59.6

1 The amino acid profile of both protein hydrolysates was provided by the supplier
2 Fish hydrolysate
3 Shrimp hydrolysate

1887Aquaculture International (2021) 29:1885–1894



carbohydrate source. Carboxymethyl cellulose was included as a binder agent and α-cellulose
served as a filler. All the pre-weighed dry ingredients were mixed homogenously in a Hobart
mixer. Then, the oil was thoroughly mixed with the ingredient mixture and distilled water was
added. The resultant moist dough was screw-pressed through a 2-mm die using a locally assembled
meat mincer, and the formed feed pellets were fan-dried at room temperature to about 10%moisture.
All diets were stored in airtight polyethylene bags at −20°C until use. All dietary ingredients and
experimental diets were subjected to proximate analysis. In brief, the dry matter of the sample was
analyzed by using oven-drying method; the sample was dried in the oven at 103°C until a constant
weight achieved (AOAC 1997). For ash determination, sample was ashed in the furnace at 550°C for
5 h (AOAC 1997). Kjeldahl method was used for determination of protein content; sample was
digested with concentrated H2SO4 and catalyst; the product then undergone distillation with the
presence of distilled water and 32%NaOH. The distillate formedwas titrated with 0.1 NHCl and the
volume of HCl needed for titration was recorded (AOAC 1997). For determination of fiber, the pre-
dried defatted sample was digested by boiling with 0.13 M H2SO4 and 0.23 M NaOH sequentially,
and then washed with distilled water using Fibrebag system filtration. The dried digested sample was
then ashed in the furnace at 600°C for 4 h and weighed (AOAC 1997). For determination of lipid, a
modified Folch et al. (1957) method was adopted. Samples were soaked overnight with chloroform
and methanol (2:1), and a polytron homogenizer was used to homogenize the sample. The homog-
enized samplewas then filtered usingBuchner funnel. The filtratewas transferred to separating funnel
and distilled water was added. The separating funnel was then shaken to break the emulsion and left
to allow the separation of two layers to occur. The lower layer of the extracts was collected, dried at
40°C until constant weight, and weighed. The nitrogen-free extract of sample was calculated by
subtracting the composition of ash, protein, lipid, and fiber with the composition of dry matter.

Tank set-up and feeding experiment

The fish rearing was conducted in the Aquaculture Facilities (AQF) in Universiti Tunku Abdul
Rahman (UTAR) Kampar, Perak (4°20′25.7″N 101°08′07.6″E). Juvenile striped catfish were
purchased from a local hatchery in Malim Nawar, Malaysia. Upon arrival at AQF, all fish were
acclimatized in a stocking tank and fed with 2 mm commercial freshwater fish feed (Cargill
Feed Sdn. Bhd.) for 3 weeks. One week before the feeding trial, the commercial freshwater
fish feed was switched to the experimental control diet for conditioning. Feed was given at
10% of the fish body weight per day during these periods. At the commencement of the
feeding trial, nine groups of 15 juvenile striped catfish with an average weight of 6.99 ± 0.01 g
were randomly selected, weighed, and stocked into series of nine cylindrical fiberglass tanks
(570 L each). Flow through system was set up and filtered water was flowed through each of
the tanks continuously with a flow rate of 0.25 L min−1. All tanks were provided with an
individual air stone for continuous aeration as to maintain dissolved oxygen (DO) level
between 6.45 and 7.87 mg L−1. Each of the experimental diets was randomly assigned to
triplicate groups of fish. Fish were hand-fed twice a day at 0800 and 1700 h until apparent
satiation for 7 weeks and feed consumption was recorded daily. Water qualities were moni-
tored on a weekly basis throughout the feeding trial. The water pH and temperature were
measured using Hanna handheld pH meter; DO was measured using Eutech DO meter while
total ammonia nitrogen (TAN); nitrite and nitrate were measured using API freshwater master
test kit. Throughout the experiment, the average water pH level of tanks was ranged 7.47–7.61;
the average temperature was 28.61°C; TAN was averagely lower than 0.2 ppm; and no nitrite
and nitrate were detected in all treatment tanks.
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Sample collection and proximate analysis

At the termination of the feeding trial, all fish were individually weighed and their total length
measured. Four fish were randomly selected from each tank and anesthetized with 0.05% of
tricane methane sulphonate (MS 222). The four sampled fish were then culled and their blood
was collected into heparinized tubes by severing the caudal peduncle. The capillary tubes were
micro-centrifuged at 4000 × g for 5 min using a micro-hematocrit centrifuge (Kubota 3220)
and the relative volume of the packed red blood cells was measured to determine the percent
hematocrit value. The four sampled fish were dissected to remove various tissues for analysis.
Liver, viscera, and intraperitoneal fat were excised and weighed for the determination of
hepatosomatic index (HSI), viscerosomatic index (VSI), and intraperitoneal fat index (IPF),
respectively, liver and gastrointestinal tract counted as viscera. HSI, VSI, IPF, and condition
factor were applied to determine the nutritional status of the fish. These body indices were
calculated as a percentage of organ or tissue to the whole-body weight of individual fish.

Hematocrit ¼ 100� Height of packed red cells mmð Þ=Height of packed red cells and plasma mmð Þ½ �

Hepatosomatic index HSI;%ð Þ ¼ 100� Liver weight gð Þ=Body weight gð Þ½ �

Viserosomatic index VSI;%ð Þ ¼ 100� Visceral weight gð Þ=Body weight gð Þ½ �

Intraperitoneal fat index IPF;%ð Þ ¼ 100� Intraperitoneal fat weight gð Þ=Body weight gð Þ½ �

Condition factor ¼ 100� Final body weight gð Þ=Total length cmð Þ3
h i

While fish growth performance was analyzed in regard to weight gain and specific growth rate
(SGR), feed utilization efficiency was determined by FCR. These parameters were measured
using the formula below:

Weight gain %ð Þ ¼ 100� Final body weight–Initial body weight½ �=Initial body weight

Specific growth rate SGR;%day−1
� � ¼ 100� ln Final body weightð Þ–ln Initial body weightð Þ½ �=Days of feeding trial

Feed conversion ratio FCRð Þ ¼ Total dry feed gð Þ=Wet weight gain gð Þ

Survival rate %ð Þ ¼ 100� Final fish number=Initial fish number
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Statistical analysis

All data were presented as mean ± standard error (SE) and subjected to Shapiro-Wilk test for
normality test and a one-way analysis of variance (ANOVA) using SPSS 19.0 to determine if
significant differences occurred among dietary treatments. Differences among means were
determined by Duncan’s multiple-range test and considered to be significant at the level of
0.05.

Results

Growth performance and survival rate

The fish given the FH feed had significantly (P<0.05) higher final weight (20.54 ± 0.25 g),
weight gain (193.68 ± 3.84 g), and SGR (2.20 ± 0.03 g) than the control, but there were no
significant (P>0.05) differences for these metrics between the FH and SH treatments (Table 3).
The survival rate of fish was high with the mean value of 98.52%.

Table 3 Growth performance, biological indices, and feed utilization of juvenile striped catfish fed with different
diets for 7 weeks1

Parameters Dietary treatments2

Control FH SH

Initial mean weight (g) 6.99 ± 0.02 6.99 ± 0.01 7.00 ± 0.02
Final mean weight (g) 16.37 ± 1.12x 20.54 ± 0.25y 19.89 ± 1.29y

Condition factor3 0.75 ± 0.01 0.75 ± 0.01 0.75 ± 0.01
Weight gain4 (%) 134.13 ± 16.49x 193.68 ± 3.84y 184.35 ± 19.01xy

Feed intake (g fish−1) 13.17 ± 1.89 16.60 ± 0.41 16.87 ± 1.99
Survival rate5 (%) 100.00 100.00 95.56 ± 4.44
SGR6 (% day−1) 1.73 ± 0.15x 2.20 ± 0.03y 2.12 ± 0.13xy

FCR7 1.42 ± 0.06y 1.23 ± 0.01x 1.30 ± 0.06xy

HSI8 (%) 1.28 ± 0.10x 1.35 ± 0.04xy 1.54 ± 0.06y

IPF9 (%) 7.06 ± 0.30 7.12 ± 0.35 6.77 ± 0.15
VSI10 (%) 4.39 ± 0.24x 4.71 ± 0.18x 6.22 ± 0.28y

Hematocrit11 (%) 46.67 ± 0.17z 44.78 ± 0.15x 45.72 ± 0.15y

1 Values are presented as mean ± SE. Values in same row with different superscripts letters indicate significant
difference by the test of at P<0.05 using Duncan’s multiple range test
2 Experimental diets nomenclature: fish hydrolysate (FH); shrimp hydrolysate (SH)
3 Condition factor = 100 × [Final body weight (g)/Total length (cm)3 ]
4 Percentage weight gain = 100 × [Final body weight – Initial body weight]/Initial body weight
5 Survival rate = 100 × [Final fish number/Initial fish number]
6 SGR, specific growth rate = 100 × [ln(Final body weight) – ln(Initial body weight)]/Days of feeding trial
7FCR, feed conversion ratio = Total dry feed (g)/Wet weight gain (g)
8HSI, hepatosomatic index = 100 × [Liver weight (g)/Body weight (g)]
9 IPF, intraperitoneal fat index = 100 × [Intraperitoneal fat weight (g)/Body weight (g)]
10VSI, viserosomatic index = 100 × [Visceral weight (g)/Body weight (g)]. Liver and gastrointestinal tract
counted as viscera
11 Hematocrit = 100 × [Height of packed red cells (mm)/Height of packed red cells and plasma (mm)]
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Biological indices and feed utilization

In respect to biological indices, fish fed SH diet had the highest HSI (1.54%) which was
significantly higher than those fed with control (1.28%) but not significantly differ from
those fed with FH diet (1.35); VSI was found highest in fish fed SH diet (6.22%) which
was significantly higher than other two treatment groups (4.39–4.71%); yet, no signif-
icant difference was noticed among treatment groups in terms of IPF. All the experi-
mental fish was recorded to have a similar condition factor with the value of 0.75 ± 0.01.
Besides, significant difference was observed in the hematocrit level as fish fed with
control diet (46.67 ± 0.17%) showed significantly higher hematocrit than the other two
diets (44.78–45.72%). Total feed intake was approximately 26% higher in fish fed with
FH (16.60 ± 0.41 g fish−1) and SH (16.87 ± 1.99 g fish−1) diets as compared to control
group (13.17 ± 1.89 g fish−1), although no significant difference was detected among the
treatment groups. In regard to FCR, fish fed the FH diet showed the lowest value (1.23 ±
0.01) which was significantly lower from those fed the control (1.42 ± 0.06) but not
significantly differ from fish fed SH diet (1.30 ± 0.06).

Discussion

Feed utilization and growth performance

In the present study, fish fed with FH and SH diets recorded higher feed intake than
those fed with control diet, despite no significant differences recorded. This is in line
with previous studies that fish appetite is enhanced by protein hydrolysate which acts
as feed stimulant that improves the feed palatability and attracts fish for food ingestion
(Kolkovski et al. 2000; Siikavuopio et al. 2017). With the higher feed intake, fish fed
with FH and SH diets showed improved growth rate. Previous studies reported that
small molecular weight fraction of protein hydrolysate conduced to better digestibility
of the juvenile red seabream, Pagrus major (Bui et al. 2014; Khosravi et al. 2015);
olive flounder, Paralichthys olivaceus (Khosravi et al. 2015); and pike silverside,
Chirostoma estor (Ospina-Salazar et al. 2016). It is suggested that the low-molecular-
weight peptides in FH and SH diets were easier to be absorbed by the fish in
comparison with control diet. In other words, the supplementation of FH and SH might
enhance the nutrient uptake and lead to a rapid weight gain of juvenile striped catfish.
Moreover, the growth improvement was more profound in FH diet-fed fish; this is
likely due to the different composition of free amino acids and short-sized peptides in
varied types of protein hydrolysates (Klompong et al. 2009; Chalamaiah et al. 2012;
Taheri et al. 2013). To be more specific, protein hydrolysate solubility is influenced by
the hydrophilicity of its amino acids (Kristinsson and Rasco 2000), and SH used in the
study contained higher percentage of hydrophobic amino acids such as alanine, leucine,
and valine, which resulted in inferior solubility than that of FH. It is noteworthy that
fish fed with FH diet showed significant improved FCR than control, implying that the
amino acid content in FH enhances the feed utilization of juvenile striped catfish and
thus resulted in better growth performance, but this needs further investigation.
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Biological indices

Fish fed with SH diet had significantly larger liver relative to the total body weight than those given
with control diet, and the bigger liverwas the reason the fish fedwith SHdiet had significantly larger
VSI than those fedwith FH and control diets. Besides, the supplementation of FH and SH in the diet
did not significantly influence the water quality. However, SH diet tended to increase the pH and
TAN of tank water. Therefore, further studies are required to elucidate the interaction of protein
hydrolysates with the culture water and the subsequent impact on the fish physiological condition. It
has been reported that high inclusion level of plant protein in diet resulted in detrimental effects on
red sea bream as the plant protein consisted of imbalance amino acid profile (Khosravi et al. 2015).
In the present study, control diet was not supplemented with protein hydrolysate and the dietary
protein was largely contributed by the soybean meal; therefore, it is suggested that fish fed with
control diet were not utilizing the feed efficiently. Furthermore, the fish fed with FH and SH diets
were found to have significantly lower hematocrit level than that of control indicating the supple-
mentation of protein hydrolysate could improve fish health and performance. It has been previously
reported that higher hematocrit level of fish denoted high quantity of erythrocytes are released from
the spleen into the circulation (Fazio et al. 2015) as more red blood cells are triggered to improve the
oxygen carrying capacity and to support the physiological function of fish under high energy
demand condition (Shah and Altindag 2004; Eslamloo et al. 2014). Moreover, Wendelaar Bonga
(2011) suggested that the hematocrit level was affected by the environmental factors and nutritional
status. In light of the above, it is evident that FH is a better feed supplement than SH for juvenile
striped catfish.

Conclusions

In overall, supplementation of protein hydrolysates in fish feed increased the feed intake and
improved the FCR and growth performance of the fish with more profound improvement
shown by FH. In conclusion, supplementation of protein hydrolysates could overcome the
shortcoming of plant-based diets, and FH is a potential feed supplement for juvenile striped
catfish for better growth performance and feed utilization.
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