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Abstract
In our present study, we observed the effect of cricket meal (CM) on disease resistance of African catfish. Fish
–1
–1
–1
were fed diets containing 350 g kg and 400 g kg of CM and 350 g kg of fishmeal as control. The fish were
divided into triplicates treatments of ten fish per replicate, weighed 22.5±0.6 g and fed with experimental diets
for 40 days before being challenged against Aeromonas hydrophila. Relative percentage of survival (RPS) was
recorded over 12 days post-challenge. White blood cell count, total protein, globulin and lysozyme showed
significantly increasing levels in those fed with cricket meal diet compared to the control group. Mortalities at
12-day post-challenge significantly decreased to 30% (RPS: 66.7%) and 27% (RPS: 70%) for 35% and 40% CM
respectively compared to 90% mortality in control group. Intestines and liver tissues of infected fish were
dissected for pathogenic confirmation. The intestines of control diet showed the highest bacterial load
–1
(58.2×107 cfu g ) compared to CM diets. The current study indicates that dietary CM could enhance the
innate immune system and disease resistance of African catfish.
Keywords: Immunostimulant; bacteria challenge; fishmeal; fish feed; cricket meal; Aeromonas hydrophilla

1 | INTRODUCTION
Interest in African catfish, Clarias gariepinus has markedly
increased over recent years in many regions especially in
Southeast Asia (Skelton 2001). Due to its high fecundity
and palatability as well as tolerance to a wide range of
environmental conditions, this species has become one of
the most popular fishes in markets for human consumption in Malaysia (DOF 2014). Although this species is cultured commercially in Malaysia, the feed given is still lim-

ited to fishmeal based diets. Due to insufficient supply,
increasing price and high demand for fishmeal (Mohsin et
al. 2012a, 2012b; Galib et al. 2013), many studies have
been focusing on searching for a suitable substitute for
fishmeal as a protein source for animal feed. Growing
interest towards finding fishmeal replacement has led to
many studies in insect meal for fish and terrestrial animal
feed (Jabir et al. 2012; Van Huis et al. 2013; Barroso et al.
2014; Gasco et al. 2016; Taufek et al. 2016a). However,
studies related to crickets as a protein source for fish is
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scarce but latest study by Taufek et al. (2016b) has
demonstrated that cricket meal could replace up to 100%
of fishmeal without adverse effect on growth and oxidative stress, besides showing high nutrient digestibility in
African catfish (Taufek et al. 2016a).
The disease outbreak is commonly recognized as potential restriction in aquaculture industry. The most frequent
encountered pathogenic bacteria is motile Aeromonas
species (MAS) or better known as the aerobic bacteria
organism namely Aeromonas hydrophila, A. caviae and A.
sobria, which are associated with most hazardous infection disease in African catfish (Janda and Abbott 2010).
Studies have proven that fish infected with MAS led to
skin lesion and haemorrhage septicaemia (Law 2001;
Ahamad et al. 2013; Anyanwu et al. 2015) and resulted in
massive mortalities as well as financial loss to fish farmers
worldwide. Numerous reports on the MAS outbreak on
African catfish have been reported in different countries
of the world (e.g. in Indonesia, Kusdarwati et al. 2017;
Bangladesh, Rahman and Chowdhury 1999; Malaysia,
Laith and Najiah 2013).
In order to treat the bacterial disease, the use of antibiotics is the common approach. However, antibiotics resistance may encourage development of pathogens, resulting in a negative impact on the fish due to the accumulation of antibiotic residue (McPhearson et al. 1991;
Depaola et al. 1995; Schmidt et al. 2000). Besides, the
expanding use of antibiotics in fish and consequently the
environment has led to the imposition of strict regulation
to limit the use of antibiotics (Alderman and Hastings
1998). One of the promising alternatives as preventive
measures for fish disease management is immunostimulant. The production of feed as immunostimulant for preventing bacteria disease has been in demand as it offers
alternative to antibiotics. Immunostimulant could improve immune status of fish by enhancing both specific
and non-specific defence mechanism of fish and other
animals (Siwicki et al. 1994).
Chitin, which is a natural polymer found in crustacean
shells has been widely studied in aquaculture as an immunostimulant to protect salmonid, white shrimp and
carp against bacterial disease (Siwicki et al. 1994; Wang
and Chen 2005; Mari et al. 2014; Henry et al. 2015).
Crickets have been known to contain a significant amount
of chitin and are proven to give positive response in
growth for poultry (Wang et al. 2005). Therefore, it is
possible that crickets could be a potential protein source
in animal feed and may be potential as a protection
against bacterial diseases. Hence, the current study attempts to investigate the efficiency of dietary cricket
meal on non-specific immune response and disease resistance against A. hydrophila in African catfish.

2 | METHODOLOGY
2.1 | Experimental diet
Adult live field cricket used in the formulated diet were
purchased from a local field cricket farm. The cricket were
fed on crumble chicken feed throughout their life cycle.
They were then transported to the laboratory and refrigerated at –20°C before being dried in an oven at 60°C.
The dried cricket were then grounded with dry feed
grinder and kept in a cold room (4°C) prior to proximate
analysis. All the raw materials for the ingredients including fishmeal, corn meal, rice bran, soybean, vitamins,
mineral and di calcium phosphate (DCP) were purchased
from a local livestock feed centre.
Formulation and chemical composition of all the experimental diets and feed ingredients were noted (Table 1)
while the compositions of fishmeal and cricket meal were
also recorded (Table 2). Three formulated diets were used
in the feeding trial with different crude protein (CP) lev–1
els, which involved 350 g kg cricket meal (35% CM), 400
–1
–1
g kg CM (40% CM) and 350 g kg fishmeal (35% FM)
diet as control. These diets consisted of CP level of 35%
for dietary 35% CM and control while dietary 40% CM
contains 40% CP level.
The Winfeed 2.8 version software was used to establish
the formulated feed. All dry ingredients were grounded in
a hammer mill (Disk Mill, FFC 454). Vitamins, minerals and
DCP were mixed thoroughly with the dry ingredients and
water was added to the mixture prior to being pelleted
into sizes of 1 mm diameter using a mini pelleting machine (KCM, Y132M-4). The wet pellets were then dried in
an oven at 70°C for 24 h and later stored in a cold room
(4°C) until used for feeding.
2.2 | Experimental fish and set-up
African catfish were acquired from local farmers on the
nd
22 of December 2014 and transported to the Freshwater Aquarium Laboratory located in the Institute of Biological Sciences, Faculty of Science, University of Malaya.
The feeding trial was conducted in triplicates with 10 individuals (mean [±SE] weight of 22.5±0.6 g). All the fish
individuals were acclimatized to natural environment
condition for two weeks prior to the feeding trials and fed
with commercial diet twice a day during the acclimatization and experimental periods. Water quality was monitored regularly and mortality was recorded. Nine plastic
tanks (3×2×1 inches) with a capacity of 100 L of water
with closed recirculation system were used in these feeding trials. The tanks were equipped with top filter pump
–1
at a flow rate of 20 L min and aeration diffuser was provided in each tank for circulation of dissolved oxygen
(DO). Approximately 20–30% of dechlorinated water was
replaced in every other day.
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TABLE 1 Formulation and composition of the experimental
diets
Ingredients (g kg–1)
Fishmeal
Cricket meal
Soybean meal
Corn starch
Rice bran
Vitamin premixa
Mineral premixb
DCP
Total

Control
350
0
184.7
114.3
336
2
3
10
1000

35% CM
0
350
195.1
234.6
205.3
2
3
10.0
1000

40% CM
0
400
287.5
254.7
42.8
2
3
10
1000

Nutrient level determined by as is basis (% dry matter)
Dry matter
94.28
94.42
94.06
Crude protein
36.55
34.7
40.2
Crude fat
10.03
11.82
11.76
Crude ash
9.00
9.70
8.18
Crude fiber
3.50
4.90
5.77
Gross Energy (kJ g–1)c
18.93
18.86
19.24
NFE
35.2
33.3
28.15
a

Vitamin premix 100 g–1 diet: vitamin A, 500 IU; vitamin D3, 100 IU;
vitamin E, 0.75 mg; vitamin K, 0.02 mg; vitamin B1, 1 mg; vitamin
B2, 0.5 mg; vitamin B3, 0.3 mg; vitamin B6, 0.2 mg; vitamin B12,
0.001 mg; vitamin C, 0.1 mg; niacin, 0.2 mg; folic acid, 0.1 mg; biotin, 0.235 mg; pantothenic acid, 1.0 mg; and inositol, 2.5 mg.

b

Mineral premix kg–1 diet: selenium, 0.2 mg; iron, 8 mg; manganese
1 mg; zinc, 8 mg; copper, 0.15 mg; potassium chloride, 0.4 mg;
magnesium oxide, 0.6 mg; sodium bicarbonate, 1.5 mg; iodine, 1
mg; and cobalt, 0.25 mg.
c

as per Schulz et al. (2005)

The feed were given at 3% of the body weight (BW; Wilson and Moreau 1996) at 0900 and 1600 h throughout
the experiment in two equally sized portions for 40 days.
Uneaten feed was collected by using small-meshed fish
net 30 minutes after feeding and weighed to determine
the total amount of feed consumed. The water quality
parameters for all tanks were measured (APHA 1992).
Water temperature and pH varied from 28–29°C and 6–
–1
6.8 respectively. Whereas, DO level was >4.5 mg L . Ammonia and nitrate were determined weekly and the levels
–1
–1
varied from 0.8 mg ml and 1.9 mg ml respectively.
2.3 | Proximate and chemical analysis
The experimental diets and ingredients were analysed for
proximate composition according to Association of Official Analytical Chemist method (AOAC 2003). Kjedahl
method was used to analyse CP after acid digestion (FOSS
Tecator Digestor Auto). Moisture and dry matter were
measured by drying in an oven at 105°C to constant
weight. Meanwhile, ash was determined by combustion
in a muffle furnace (Naberthem) at 600°C. Soxhlet method with petroleum ether extraction (FOSS Soxtec 2055)
was used to measure crude lipid content. Chitin was estimated by using the acid detergent fibre (ADF) and pro-

tein residue of ADF according to Marono et al. (2015).
Nitrogen free extract (NFE) by using the following equation
NFE = % dry matter - (% crude protein + % crude fat + %
crude ash +% crude fibre)
Whereas gross energy for every diet was calculated by
–1
using the following factors: CP (23.9 kJ g ), crude lipids
–1
–1
(39.8 kJ g ) and NFE (17.6 kJ g ) (Schulz et al. 2005).
The experimental trial was conducted for 40 days from 5
January – 13 February 2015.
TABLE 2 Chemical composition of the fishmeal and cricket
meal used in the experimental diets (% dry matter basis)
Components
Dry matter
Crude protein
Crude lipid
Crude ash
Chitin

Fishmeal (%)
85.59
53.61
2.96
19.30
-

Cricket meal (%)
95.18
57.02
10.90
4.83
7.15

2.4 | Blood sampling
After 40 days of feeding trial, blood samples were randomly collected from five fish specimens from each tank.
The individuals were anesthetized with clove oil before
blood collection. The blood was drawn from caudal vein
by using 1.0 ml syringe and 22G×1½ inch gauge needle
and transferred into tubes coated with thin layer of EDTA
as anticoagulant. Plasma samples were separated by centrifugation at 3000 rpm for 15 min and plasma from the
same replicate were pooled before being stored at –80°C
for biochemical and immunological assays.
2.5 | Haematology and biochemical analysis
Prior to centrifugation, 100 μl of the whole blood were
separated and stored at 4°C for white blood cell (WBC)
3
–3
count. The WBC (10 mm ) were counted manually using
haemocytometer. The Turk’s solution (3% acetic acid, 1%
gelatin violet and a drop of methylene blue) were mixed
for WBC diluting fluid. The blood samples were diluted at
1:20 with triplicate counts for each sample and counted
by using Neubaeur haemocytometer. Biochemical parameters of plasma total protein were analysed following the
Bradford assay (Bradford 1976) whereas albumin content
was determined after Doumas et al. (1971) and globulin
was determined by substracting albumin from the total
protein value.
2.6 | Lysozyme assay
Lysozyme activity was assayed spectrophotometrically
(Shugar 1952) with slight modification by using 0.01%
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(w/v) lyophilized Micrococcus lysodekticus (A450) as the
substrate in phosphate buffer (66 mM, pH 6.24). A 100 μl
of plasma sample was added to 2.5 ml substrate suspension. The absorbance was measured at 450 nm at room
temperature for 10 min and the initial and final absorbance were recorded. A lysozyme activity unit was defined
as the amount of enzyme producing a decrease in ab–1
sorbance of 0.001 min .
2.7 | Bacterial pathogen and experimental challenge
Aeromonas hydrophila used in this study was obtained
from the National Fish Health Research Center (NaFish),
located in Batu Maung, Penang, Malaysia. The bacteria
were cultured in Tryptone Soy Broth (TSB) overnight at
30°C. Subsequently, the bacterial suspension was washed
with phosphate buffer saline (PBS) and diluted to get the
desired concentration for the bacteria challenge.
Before performing the bacteria challenge to the fish under study, the LD50 dose of the bacteria was established
by challenging another group of fish to the unrelated but
same bacteria species according to the method of Oliveira
et al. (2011). Ninety individuals were divided into nine
tanks (=10 in each tank). The nine treatments composed
4
12
of 1.6 × 10 to 10 colony forming unit per ml. Mortalities
were observed in within 96 h and water variables were
monitored during the experiment. The LD50 calculated
–1
from this experiment was 1.6×107 cfu ml . This concentration was used for the subsequent challenge.
After 40 days of feeding trial, all 10 individuals per tank
were challenge by intra-muscularly injected 0.1 ml of A.
hydrophila suspension. The fish continued to receive their
respective feed while morphology disabilities as well as
mortalities were monitored for over 12 days. The relative
percentage of survival (RPS) of the fish was calculated
according to following formula (Amend and McDowell
1983).
RPS = 1 – (

(%
%

× 100)

–1

Bacterial cfu g of fish organ = No. of colonies counted
n
in the plate × 10 × 100
Where n is the dilution factor.
2.9 | Statistical analysis
All data were subjected to homogeneity of variance and
normality tests before employing one-way analysis of
variance (ANOVA) using SPSS version 21.0 (SPSS Inc., Chicago IL, USA). The differences between means were compared by Duncan’s post hoc test considering an α level of
significance of 0.05.
3 | RESULTS
In the present study, the WBC count of fish fed control
diet was significantly lower than CM fed fish (Table 3).
However, the values did not differ among fish fed with
CM diets. A significant reduction (P < 0.05) in total protein
was observed in control group while there were no significant differences (P > 0.05) among the CM groups. On the
other hand, the level of albumin did not show any significant difference among all the diets (all P > 0.05). The
globulin concentration significantly decreased in control
group although no significant difference was observed in
both CM fed fish. Similarly, lysozyme activity of those fed
the control diet reduced significantly (P < 0.05) when
compared to CM diet.
TABLE 3 Biochemical parameters, WBC and lysozyme activity
of African catfish fed with experimental diets (mean ± SEM; n
= 3)
Parameters
3

Control
3

WBC (10 mm )

13.6±0.86

35% CM
a

40% CM
a

14.5±0.75 19.2±0.13b

Total protein (mg dL–1) 53.4±5.59a 59.7±7.81b 61.1±6.15b
Albumin (mg dL–1)

1.9±0.12a

2±0.16a

2.2±0.22a

Globulin (mg dL–1)

51.5±5.49a 57.7±7.76b 59±6.08b

Lysozyme (U ml–1)

8.4±1.16a

19.6±2.71b 22.2±2.54b

Mean values in the same row with different superscript letters are
significantly different (P < 0.05)

2.8 | Confirmation of pathogenicity
Mortalities were inspected twice a day and three dead
fish from each replicate were collected and immediately
dissected to isolate A. hydrophila in the liver and intestine. The fish were dissected aseptically whereby the
samples were homogenized in 1:9 (w/v) of physiological
saline. The homogenized solution was diluted serially and
100 μl from each serial dilution were spread onto selective media, which contained Mueller-Hinton agar supplemented with 10% defibrinated sheep blood and 30 μg
–1
ml ampicillin (Misra et al. 1989). These were incubated
at 30°C for 12 h and the colonies formed were calculated
according to Rashid et al. (1994).

The intramuscular injection resulted in 90% mortalities in
fish fed with FM diet within 8 days on post inoculation
whereas the fish fed with 35% CM and 40% CM caused
30% (after 5 days) and 27% (after 8 days) mortalities respectively. The relative percentage of survival (Figure 1)
suggested that fish fed with diet containing CM showed
no significant difference (P > 0.05) and they were more
tolerant to the bacteria challenge since higher survival
were recorded in both diets than control.
To confirm the pathogenicity of A. hydrophila, the bacteria were isolated from liver and intestines of experimentally infected fish. The highest bacterial load was found to
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7

–1

be 58.2×10 cfu g in the intestine of the control group
7
–1
while the lowest was 0.13×10 cfu g in the liver of fish
fed with 35% CM diet which did not differ significantly
from fish fed 40% CM (Table 4).

FIGURE 1 Mortality and relative percentage of survival (RPS)
of fish in 12 days post-challenged with Aeromonas hydrophila. Values are the mean (± SEM) and means with different
letters are significantly different (P < 0.05) from each other
TABLE 4 Bacterial load (×107) in liver and intestine of fish
challenged with Aeromonas hydrophila (mean ± SEM; n = 3).
Liver and intestine were excised from dead and infected fish
Diets
Liver (cfu g–1)
Intestine (cfu g–1)

Control
35% CM
40%CM
0.625±0.03b 0.134±0.01a 0.151±0.01a
58.2±2.11b 3.2±0.22a
4.1±0.35a

Mean values in the same row with different superscript letters are
significantly different (P < 0.05)

4 | DISCUSSION
The use of immunostimulant, which contains bioactive
compounds could improve health, increase innate immune response and prevent as well as treat various diseases (Gannam and Schrock 1999; Jadhav et al. 2006;
Barman et al. 2013). Hence, the present study investigated the effect of CM diet as an immunostimulant in African
catfish. The experimental diets consisted of different levels of CM as well as crude protein levels (35% CM with
35% CP and 40% CM with 40% CP) to establish their effect
on immune response and disease resistance against A.
hydrophila.
White blood cells play an important role in non-specific
immunity and indicator of fish health status. This study
demonstrated that WBC count showed a slightly increased level in the fish fed with 40% CM. Hence, the increases in WBC’s count in 40% CM diet support the fact
that CM contains anti-infection properties for African catfish. This finding is consistent with other works that found
an increase in WBC count in Labeo rohita juveniles when
fed with levamisole and ascorbic acid (Choudhury et al.
2005) and also garlic peel in African catfish diet (Thani-

kachalam et al. 2010).
The plasma or serum protein particularly albumin and
globulin play a major role in maintaining immune response of fish. In the present study, increase plasma protein and globulin of fish fed with CM suggested a stronger
immune response of fish fed with this diet. Previous research by Siwicki (1990) has reported an elevated level of
serum total protein when include β-glucan (0.2%) and
chitosan (0.5%) in common carp diet. Besides, the dietary
inclusion of chitosan in olive flounder has been shown to
improve the total protein, albumin and globulin (Dautremepuits et al. 2004).
Lysozyme activity has been primarily used as defense
mechanism of nonspecific humoral immunity that could
disrupt the cell wall of harmful pathogens invaders particularly parasites, bacteria and virus (Ellis 1999). It has
been reported to have anti-bacterial activity, which could
cause lysis and stimulate the phagocytosis in bacteria
(Ellis 1999). The increased of lysozyme activity in fish fed
with cricket meal suggested that the presence of bioactive substances including chitin could enhance the lysozyme activity in fish therefore can be considered to be a
natural protective mechanism in fish.
A number of studies indicate that chitin and chitosan
supplementation could elevate lysozyme activity in fish.
Diet enriched with 1% chitin has been reported to increases lysozyme activity in Cirrhina mirgala (Mari et al.
2014) while Esteban et al. (2001) reported no significant
–1
differences between 100mg kg chitin and control diet
fed to gilthead seabream. Based on previous studies in
Cyprinus carpio, dietary inclusion of chitosan induced significantly higher lysozyme activity in chitosan fed fish followed by levamisole and chitin (Gopalakannan and Venkatesan 2006). On the other hand, African catfish fed
supplemented indigenous plant such as neem (Azadirachta indica) has also been reported to increase lysozyme activity (Thomas et al. 2013).
Disease resistance was measured by discovering the survival of animal after being challenged with certain pathogen (Palti et al. 1999). Fish are most susceptible to bacteria and virus due to direct contact with the environment.
The mucus and skin or scales are natural barriers to foreign substance and act as non-specific or innate defence
mechanism thus suppressing the colonization of fish
pathogen. These mechanisms prevent the attachment,
invasion or multiplication of the invaders on or in the tissues. In the current study, RPS of fish fed with cricket
meal was higher (66.7–70%) up to 12 days post-injection
in comparison to fishmeal diet. Relative percentage survival values exceeding 50% indicates positive effect of the
immunostimulant (Amend and McDowell 1983).
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From the observation after the challenge, all fish developed clinical sign such as loss of balance, spreading of
greyish – white lesion on the surface of the body up to
caudal fin and the fin bases become reddish in colour. The
wound on their body were assessed by evaluated the
depth of the wound which is the distance from visible
surface to the deepest area. These clinical symptoms
were observed in all fish. However, the group fed with
CM showed wound recovery after six days post-challenge
with no loss in appetite and hence consumed their respective feed up until 12 days after the challenge. The
mortality rate reduced significantly compared to control
group and it reached plateau after 8 and 5 days postinfection for 40% CM and 35% CM respectively. This situation might be due to enhancement of the non-specific
immune system of the fish by bioactive compound in CM
such as chitin. On the other hand, the control group exhibited highly stressed condition due to the infection and
consequently most of them died after 12 days postchallenge.
Wang et al. (2005) have reported that field cricket (Gryllus testaceus) contains 8.7% chitin while the result of this
study indicates that CM (G. bimaculatus) composition
consists of 7.15% chitin (Table 2). Several studies have
revealed the potency of crustacean chitin as immunostimulant that could enhance immune response,
disease resistance and survival of fish and shellfish (Sakai
et al. 1992; Kawakami et al. 1998; Esteban et al. 2001).
Mari et al. (2014) have observed approximately 70% reduction of mortalities of C. mrigala against Aphanomyces
invadans bacteria when fed 10% chitin supplemented
diet. Diet containing 0.75% chitin shows a significantly
higher RPS (63.16%) in Macrobrachium rosenbergii compared to chitin-free diet when challenged against white
tail disease viruses (Kumar et al. 2015). Besides, chitin
also have the ability to improve growth performance of
snow trout and golden mahseer (Mohan et al. 2009).
Although CM contains significant amount of chitin, it may
have consisted unknown bioactive substance that might
have immunostimulant activity on the fish. One of the
compounds is dipterose, a water-soluble polysaccharide,
which have been identified in melon fly, Bactrocera cucurbitae, and found to activate innate immune response
in mouse macrophage (Ohta et al. 2014). On the other
hand, gut microorganisms of the insect have been shown
to stimulate the modulation of immune response as well
as protection from parasites and pathogen which might
contribute to the enhance of disease resistance in fish fed
with cricket meal (Engel and Moran 2013).
Studies by using insect meal to evaluate the effects on
immunostimulant are very limited. At present, housefly,
Musca domestica have been found to provide an in-

creased protection against Edwardsiella trada and significantly enhance peritoneal phagocytic activity in red sea
bream (Ido et al. 2015). According to Ji et al. (2015), 50%
replacement of silkworm pupae meal did not affect
growth performance as well as health status of C. carpio.
In addition, Yixiang et al. (2013) summarized that diet
–1
supplemented with 25 g kg maggot meal and 150 mg
–1
kg L-carnitine not only promote growth but also improved non-specific immunity and enhanced fish resistance against A. hydrophila in black carp.
The intestine and liver tissues of African catfish infected
with A. hydrophila were cultured to confirm death as a
result of A. hydrophila. The pathogenicity confirmation
test was also conducted to determine the bacterial loads
isolated in both livers and intestines of fish fed the experimental diets. Based on the bacterial isolation from the
fish after the challenge, the intestine showed higher bacteria load than liver. This was also observed in the climb8
–1
6
–1
ing perch with 9.4×10 cfu g and 2.9×10 cfu g in intestine and liver respectively (Hossain et al. 2013). In addition, Asian stinging catfish, Heteropneustes fossilis also
exhibited higher levels of bacteria accumulation in intes9
–1
8
–1
tine (1.8×10 cfu g ) than liver (6.46×10 cfu g ) (Mostafa
et al. 2008). However, a finding by Sarkar and Rashid
(2012) indicated that walking catfish, Clarias batrachus
8
–1
shows a higher bacterial load in the liver (6.5×10 cfu g )
7
–1
compared to intestine (5.6×10 cfu g ). Thus, it was proven that A. hydrophila was pathogenic to African catfish,
which caused 90% mortalities if the fish were only fed
with fishmeal without any immunostimulant.
These findings suggested that in general, supplementa–1
tion of 35 g kg CM with 35% CP level was able to reduce
disease resistance against pathogenic A. hydrophila as it
enhances the non-specific immunity of African catfish. It
also indicates that different CP level may not affect the
immune response as well as their efficiency in protection
against bacteria disease in African catfish. The bioactive
substance present in the CM plays a role in conferring
significant protection against A. hydrophila infection on
catfish. Thus, CM can act as an immunostimulant in African catfish diet. Further studies need to be carried out to
isolate and characterize the active compounds in CM including chitin that was responsible for antibacterial activity of the fish against A. hydrophila.
ACKNOWLEDGEMENTS
The authors would like to express their gratitude to the
University of Malaya for financial support through grants
(grant refs RP015G-14AFR and FP049-2014A). Thanks are
also due to the staff from the Freshwater Fisheries Research Institute, Department of Fisheries, Glami lemi,
Jelebu, Malaysia and National Fish Health Research Center (NaFish), located in Batu Maung, Penang, Malaysia for

BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 4.0 License

628

Cricket meal diet influences disease resistance in African catfish
J Fish 6(2): 623–631, Aug 2018; Taufek et al.
technical support in this study. We would also like to
thank anonymous reviewers for thorough review of this
manuscript.
CONFLICT OF INTEREST
The authors declare no conflict of interest.
REFERENCES
Ahamad B, Punniamurthy D, Kumar N, Malmarugan V,
Suresh R and Ranganathan V (2013) Outbreak of bacterial haemorrhagic septicaemia in freshwater carps in
Thanjavur region of Tamil Nadu. Proceedings of the national seminar on current perspectives in Biological Sciences (NSOCPIBS–2012).
Alderman D and Hastings T (1998) Antibiotic use in aquaculture: development of antibiotic resistance–potential
for consumer health risks. International Journal of Food
Science & Technology 33(2): 139–155.
Amend DF and McDowell T (1983) Current problems in the
control of channel catfish virus. Journal of World Mariculture Society 14(1-4): 261–267.
Anyanwu MU, Chah KF and Shoyinka VS (2015) Evaluation of
pathogenicity of motile Aeromonas species in African
catfish. International Journal of Fisheries and Aquatic
Studies 2(3): 93–98.
AOAC (2003) Official methods of analysis, 17th edition, 2nd
revision. Association of Official Analytical Chemists.,
Virginia, USA.
APHA (1992) Standard Methods for the Examination of Water and Wastewater, 18th edition. American Public
Health Association, Washington DC, USA.
Barman D, Nen P, Mandal SC and Kumar V (2013) Immunostimulants for aquaculture health management.
Journal of Marine Science: Research Development 3(3):
134.
Barroso FG, de Haro C, Sánchez-Muros M-J, Venegas E, Martínez-Sánchez A and Pérez-Bañón C (2014) The potential of various insect species for use as food for fish.
Aquaculture 422: 193–201.
Bradford MM (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Analytical biochemistry 72(1): 248–254.
Choudhury D, Pal A, Sahu N, Kumar S, Das S and Mukherjee S
(2005) Dietary yeast RNA supplementation reduces
mortality by Aeromonas hydrophila in rohu (Labeo rohita L.) juveniles. Fish and Shellfish Immunology 19(3):
281–291.
Dautremepuits C, Paris-Palacios S, Betoulle S and Vernet G
(2004) Modulation in hepatic and head kidney parameters of carp (Cyprinus carpio L.) induced by copper and

chitosan. Comparative Biochemistry and Physiology
Part C: Toxicology and Pharmacology 137(4): 325–333.
Depaola A, Peeler JT and Rodrick GE (1995) Effect of oxytetracycline-medicated feed on antibiotic resistance of
gram-negative bacteria in catfish ponds. Applied and
Environmental Microbiology 61(6): 2335–2340.
DOF (2014) Fisheries statistics of 2014. Department of Fisheries Malaysia. Available at www.dof.gov.my/fisherystatistics
Doumas BT, Watson WA and Biggs HG (1971) Albumin
standards and the measurement of serum albumin
with bromcresol green. Clinica Chimica Acta 31(1): 87–
96.
Ellis A (1999) Immunity to bacteria in fish. Fish and Shellfish
Immunology 9(4): 291–308.
Engel P and Moran NA (2013) The gut microbiota of insects–
diversity in structure and function. FEMS microbiology
Reviews 37(5): 699–735.
Esteban MA, Cuesta A, Ortuno J and Meseguer J (2001) Immunomodulatory effects of dietary intake of chitin on
gilthead seabream (Sparus aurata L.) innate immune
system. Fish and Shellfish Immunology 11: 303–305.
Galib SM, Mohsin ABM, Chaki N, Fahad MFH, Haque SMM
(2013) An overview of the traditional rice-prawn-fish
farming in Kalia of Narail district, Bangladesh. Journal
of Fisheries 1(1): 1–6.
Gannam AL and Schrock RM (1999) Immunostimulants in fish
diets. Journal of Applied Aquaculture 9(4): 53–89.
Gasco L, Henry M, Piccolo G, Marono S, Gai F, Renna M, Lussiana C, Antonopoulou E, Mola P and Chatzifotis S
(2016) Tenebrio molitor meal in diets for European sea
bass (Dicentrarchus labrax L.) juveniles: growth performance, whole body composition and in vivo apparent digestibility. Animal Feed Science and Technology
220: 34–45.
Gopalakannan A and Venkatesan A (2006) Immunomodulatory effect of dietary intake of chitin, chitosan and levamisole on the immune system of Cyprinus carpio and
control of Aeromonas hydrophila infection in ponds.
Aquaculture 255: 179–187.
Henry M, Gasco L, Piccolo G and Fountoulaki E (2015) Review
on the use of insects in the diet of farmed fish: past
and future. Animal Feed Science and Technology 203:
1–22.
Hossain MF, Rahman MM and Sayed M (2013) Experimental
infection of indigenous climbing perch Anabas testudineus with Aeromonas hydrophila bacteria. Progressive
Agriculture 22(1–2): 105–114.
Ido A, Iwai T, Ito K, Ohta T, Mizushige T, Kishida T, Miura C
and Miura T (2015) Dietary effects of housefly (Musca
domestica) (Diptera: Muscidae) pupae on the growth

BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 4.0 License

629

Cricket meal diet influences disease resistance in African catfish
J Fish 6(2): 623–631, Aug 2018; Taufek et al.
performance and the resistance against bacterial pathogen in red sea bream (Pagrus major) (Perciformes:
Sparidae). Applied Entomology and Zoology 50(2): 213–
221.
Jabir MDAR, Razak SA and Sabaratnam V (2012) Nutritive
potential and utilization of super worm (Zophobas morio) meal in the diet of Nile tilapia (Oreochromis niloticus) juvenile. African Journal of Biotechnology 11(24):
6592–6598.
Jadhav VS, Khan SI, Girkar MM and Gitte MJ (2006) The role
of immunostimulants in fish and shrimp aquaculture.
Aquaculture Asia 11(3): 24.
Janda JM and Abbott SL (2010) The genus Aeromonas: taxonomy, pathogenicity, and infection. Clinical Microbiology Reviews 23(1): 35–73.
Ji H, Zhang JL, Huang JQ, Cheng XF and Liu C (2015) Effect of
replacement of dietary fish meal with silkworm pupae
meal on growth performance, body composition, intestinal protease activity and health status in juvenile Jian
carp (Cyprinus carpio var. Jian). Aquaculture Research
46(5): 1209–1221.
Kawakami H, Shinohara N and Sakai M (1998) The nonspecific immunostimulation and adjuvant effects of
Vibrio anguillarum bacterin, M-glucan, chitin and
freund's complete adjuvant against Pasteurella piscicida infection in yellowtail. Fish Pathology 33(4): 287–
292.
Kumar BN, Murthy HS, Patil P, Doddamani PL and Patil R
(2015) Enhanced immune response and resistance to
white tail disease in chitin-diet fed freshwater prawn,
Macrobrachium rosenbergii. Aquaculture Reports 2:
34–38.
Kusdarwati R, Kurniawan H and Prayogi YT (2017) Isolation
and identification of Aeromonas hydrophila and Saprolegnia sp. on catfish (Clarias gariepinus) in floating cages in Bozem Moro Krembangan Surabaya. IOP Conference Series: Earth and Environmental Science, IOP Publishing.
Laith AR and Najiah M (2013) Aeromonas hydrophila: antimicrobial susceptibility and histopathology of isolates
from diseased catfish, Clarias gariepinus (Burchell).
Journal of Aquaculture Research & Development 5:
215.
Law M (2001) Differential diagnosis of ulcerative lesions in
fish. Environmental Health Perspectives 109(Suppl 5):
681–686.
Mari LSS, Jagruthi C, Anbazahan SM, Yogeshwari G, Thirumurugan R, Arockiaraj J, Mariappan P, Balasundaram C
and Harikrishnan R (2014) Protective effect of chitin
and chitosan enriched diets on immunity and disease
resistance in Cirrhina mrigala against Aphanomyces invadans. Fish and Shellfish Immunology 39(2): 378–385.

Marono S, Piccolo G, Loponte R, Di Meo C, Attia YA, Nizza A
and Bovera F (2015) In vitro crude protein digestibility
of Tenebrio molitor and Hermetia illucens insect meals
and its correlation with chemical composition traits.
Italian Journal of Animal Science 14: 338–343.
McPhearson RM, DePaola A, Zywno SR, Motes ML and Guarino AM (1991) Antibiotic resistance in gram-negative
bacteria from cultured catfish and aquaculture ponds.
Aquaculture 99(3): 203–211.
Misra SK, Bhadra RK, Pal S and Nair GB (1989) Growth of
Aeromonas spp. on Butzler Campylobacter selective
agar and evaluation of the agar for the primary isolation of Aeromonas spp. from clinical specimens. Journal
of Clinical Microbiology 27(2): 346–347.
Mohan M, Bhanja S and Basade Y (2009) Performance of
chitin incorporated diet on the indigenous Kumaon
Himalayan fishes: snow trout, Schizothorax richardsonii
(Gray) and golden mahseer, Tor putitora (Hamilton).
Indian Journal of Fisheries 56(2): 135–137.
Mohsin ABM, Islam MN, Hossain MA and Galib SM (2012a)
Cost-benefit analyses of carp polyculture in ponds: a
survey study in Rajshahi and Natore districts of Bangladesh. Bangladesh Journal of Environmental Science 23:
103–107.
Mohsin ABM, Islam MN, Hossain MA and Galib SM (2012b)
Constraints and prospects of carp production in
Rajshahi and Natore districts, Bangladesh. University
Journal of Zoology, Rajshahi University 31: 69–72.
Mostafa K, Islam M and Rashid MM (2008) Experimental
pathogenesis of Aeromonas hydrophila bacteria in
stinging catfish Heteropneustes fossilis. Bangladesh
Journal of Fisheries Research 12(1): 27–33.
Ohta T, Ido A, Kusano K, Miura C and Miura T (2014) A novel
polysaccharide in insects activates the innate immune
system in mouse macrophage RAW264 cells. Plos One
9(12): e114823.
Oliveira SRD, Souza RTYBD, Brasil EM, Andrade JIAD, Nunes
ÉDSS, Ono EA and Affonso EG (2011) LD50 of the bacteria Aeromonas hydrophila to matrinxã, Brycon amazonicus. Acta Amazonica 41(2): 321–326.
Palti Y, Tinman S, Cnaani A, Avidar Y, Ron M and Hulata G
(1999) Comparative study of biochemical and nonspecific immunological parameters in two tilapia species (Oreochromis aureus and O. mossambicus). Israeli
Journal of Aquaculture Bamidgeh 51: 148–156.
Rahman M and Chowdhury M (1999) Incidence of ulcer disease in African catfish (Clarias gariepinus Burchell) and
trial for its chemotherapy. Bangladesh Journal of Fisheries Research 3(2): 193–200.
Rashid MM, Honda K, Nakai T and Muroga K (1994) An ecological study on Edwardsiella tarda in flounder farms.
Fish Pathology 29(4): 221–227.

BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 4.0 License

630

Cricket meal diet influences disease resistance in African catfish
J Fish 6(2): 623–631, Aug 2018; Taufek et al.
Sakai M, Kamiya H, Ishii S, Atsuta S and Kobayashi M (1992)
The immunostimulating effects of chitin in rainbow
trout, Oncorhynchus mykiss. Diseases in Asian Aquaculture 1: 413–417.
Sarkar M and Rashid MM (2012) Pathogenicity of the bacterial isolate Aeromonas hydrophila to catfishes, carps
and perch. Journal of Bangladesh Agriculture University
10(1): 157–161.
Schmidt AS, Bruun MS, Dalsgaard I, Pedersen K and Larsen JL
(2000) Occurrence of antimicrobial resistance in fishpathogenic and environmental bacteria associated with
four Danish rainbow trout farms. Applied and Environmental Microbiology 66(11): 4908–4915.
Schulz C, Knaus U, Wirth M and Rennert B (2005) Effects of
varying dietary fatty acid profile on growth performance, fatty acid, body and tissue composition of juvenile pike perch (Sander lucioperca). Aquaculture Nutrition 11(6): 403–413.
Shugar D (1952) The measurement of lysozyme activity and
the ultra-violet inactivation of lysozyme. Biochimica et
Biophysica Acta 8: 302–309.
Siwicki AK (1990) Immunostimulating influence of levamisole
on nonspecific immunity in carp (Cyprinus carpio). Developmental and Comparative Immunology 13(1): 87–
91.
Siwicki AK, Anderson DP and Rumsey GL (1994) Dietary intake of immunostimulants by rainbow trout affects
non-specific immunity and protection against furunculosis. Veterinary Immunology and Immunopathology
41(1): 125–139.
Skelton PH (2001) A complete guide to the freshwater fishes
of southern Africa. Struik Publisher. 395 pp.
Taufek NM, Aspani F, Muin H, Raji AA, Razak SA and Alias Z
(2016b) The effect of dietary cricket meal (Gryllus
bimaculatus) on growth performance, antioxidant enzyme activities, and haematological response of African
catfish (Clarias gariepinus). Fish Physiology and Biochemistry 42(4): 1143–1155.

Clarias batrachus and control measures by neem
nanoemulsion. Aquaculture 396: 71–75.
Van Huis A, Van Itterbeeck J, Klunder H, Mertens E, Halloran
A, Muir G and Vantomme P (2013) Edible insects—
future prospects for food and feed security. FAO,
Rome.
Wang D, Zhai SW, Zhang CX, Bai YY, An SH and Xu YN (2005)
Evaluation on nutritional value of field crickets as a
poultry feedstuff. Asian Australian Journal of Animal
Science 18: 667–670.
Wang S-H and Chen J-C (2005) The protective effect of chitin
and chitosan against Vibrio alginolyticus in white
shrimp Litopenaeus vannamei. Fish and Shellfish Immunology 19(3): 191–204.
Wilson RP and Moreau Y (1996) Nutrient requirements of
catfishes (Siluroidei). Aquatic Living Resources 9: 103–
111.
Yixiang M, Jianhua Y, Jinyun Z, Xianping Y, Xia W, Chenglong
S and Pei L (2013) The Influence of maggot meal and lcarnitine on growth, immunity, antioxidant indices and
disease resistance of black carp (Mylopharyngodon
piceus). Journal of the Chinese Cereals and Oils Association 2: 1–9.

CONTRIBUTION OF THE AUTHORS
MNT & KS project development; MNT, HM, FA & AAR data collection; MNT & HM data analysis; KS, ZA & SAR project supervision; NMT, KS, HM, FA, AAR, ZA & SAR manuscript preparation

NM Taufek

http://orcid.org/0000-0001-5445-0830

Taufek NM, Muin H, Raji AA, Razak SA, Yusof HM and Alias Z
(2016a). Apparent digestibility coefficients and amino
acid availability of cricket meal, Gryllus bimaculatus,
and fishmeal in African catfish, Clarias gariepinus diet.
Journal of the World Aquaculture Society 47(6): 798–
805.
Thanikachalam K, Kasi M and Rathinam X (2010) Effect of
garlic peel on growth, hematological parameters and
disease resistance against Aeromonas hydrophila in African catfish Clarias gariepinus (Bloch) fingerlings. Asian
Pacific Journal of Tropical Medicine 3(8): 614–618.
Thomas J, Jerobin J, Seelan TSJ, Thanigaivel S, Vijayakumar S,
Mukherjee A and Chandrasekaran N (2013) Studies on
pathogenecity of Aeromonas salmonicida in catfish
BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 4.0 License

631

