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A study of the effects of re-feeding on metabolic fuels and enzyme activities in starved Broadhead 
catfish was conducted using 30 aquarium tanks with 3 fish per tank. They were divided into 2 groups a 
control group, and a re-fed group, which were starved (not fed) for 4 weeks and were then re-fed in 
weeks 5 - 8.  According to the re-fed group, the results showed that the HSI, serum glucose, muscle 
glycogen, liver glycogen, muscle protein, and muscle lipids had significantly increased in the 5th week 
(P<0.05). Hexokinase (HK) activity had significantly increased in the 5th week and aspartate 
aminotransferase (AST) activity had significantly decreased in the 5th and 6th week (P<0.05). 
Additionally, a comparison made between the re-fed and control group during each week showed that 
muscle protein level had been significantly higher in the 7th week in the re-fed group compared to control 
group (P<0.05). The muscle lipid level had been significantly lower in the 6th week in the re-fed group as 
compared to control group (P<0.05), whereas the AST activity had been significantly lower in the 7th 
week in the re-fed group compared to the control group (P<0.05). In conclusion, 4 weeks of starvation 
followed by 1 week of re-feeding had shown complete compensatory metabolic fuel levels, as well as HK 
and AST activities when compared with the control group of Broadhead catfish. 
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INTRODUCTION 

Food, a very important factor that the body 
receives from eating, is used for growth, repair, 
and for reproduction. If the body has insufficient 
nutrition, which may be due to starvation or 
fasting, a mechanism will break down the stored 
metabolic fuels, causing slower growth, weight 
loss, and abnormal biochemicals in the body.  

The definition of starvation is the condition in 
which an animal is unable to eat as the result of 
some external limitation of food resources. The 
frequency and duration of natural starvation 
events can vary widely. In contrast, the term, 
fasting, refers to an animal that is unable to eat as 

the result of some internal mechanism, although 
food may be available to them. Fasting occurs 
when animals allocate their time to activities, such 
as predator avoidance, thermoregulation, ecdysis, 
or various behaviors related to reproduction 
(McCue, 2010).  

Starved fish receive insufficient nutrients, 
causing them to experience physiological and 
biochemical changes, such as reduced energy 
requirements due to low metabolic rates and the 
utilization of stored energy. These conditions 
cause decreases in metabolic fuels, such as 
glycogen, proteins, and lipids, and result in the 
loss of body mass (Beamish, 1964; Murray, 1971; 

http://www.isisn.org/
mailto:kobkaew@kku.ac.th


Chaiyachate, et al.                                                                        Effects of re-feeding in Broadhead catfish. 

 

                                                  Bioscience Research, 2018 volume 15(3):1503-1510                                               1504 

 

Wieser, et al., 1992; Yang and Somero, 1993).  
The effects of Starvation on enzyme activities 
were found to vary in fish.  For example, there had 
been decreases in citrate synthase, glucose-6-
phosphate dehydrogenase, and lactate 
dehydrogenase activities in freshwater catfish 
(Clarias batrachus) (Tripathi and Verma, 2003). In 
addition, in studies conducted on African lungfish 
(Protopterus dolloi), there had been decreases in 
hexokinase (HK) activity and increases in 
aspartate aminotransferase (AST) and glutamate 
dehydrogenase (GDH) activities (Frick, et al., 
2008). In addition, a decrease had also been 
found in the HK activity in Broad head catfish (C. 
macrocephalus) (Chaiyachate, et al., 2017). 

After starvation, when the fish are re-fed, the 
growth rate was found to be higher than the 
control fish, and this is called “compensatory 
growth” (Wilson and Osbourn, 1960; Wieser et al., 
1992; Jobling et al., 1994; Ali et al., 2003). The 
mechanism of compensatory growth remains 
unknown. Even so, explanations for this 
phenomenon are available, including food intake 
stimulation after starvation. Moreover, in re-
feeding, the metabolic reduction rate in starvation 
and its tardiness in re-feeding increases the food 
conversion rate (Dobson and Holmes, 1984; Kim 
and Lovell, 1995; Hayward et al., 1997), as well 
as the combination of food intake stimulation and 
the reduction of the metabolic rate (Miglavs and 
Jobling, 1989; Russell and Wootton, 1992). 

In most species, liver glycogen is generally 
the first fuel used as an energy source, and is 
mobilized to maintain the glucose homoeostasis 
or normoglycaemia during the first stages of 
starvation (Figueiredo-Garutti, et al., 2002; Furne, 
et al., 2012). Simultaneously, the reserved lipids 
are used to obtain energy, and subsequently, the 
proteins would be mobilized (Navarro and 
Gutierrez, 1995; Melton, et al., 2003). The 
metabolic fuel would return to the pre-starvation 
levels after a short re-feeding period with a fast 
weight recovery known as “compensatory growth” 
(Furne et al., 2012; Morshedi, et al., 2013). 

The Broad head catfish usually lives in rice 
fields, canals, stagnant pools, marshes, and 
rivers. Should the water evaporate during the arid 
seasons, the fish is able to remain alive for a long 
time due to fact that they have accessory air 
breathing organ called the “arborescent organ” or 
“dendrite” (Munshi, 1961), which makes them able 
to withstand starvation conditions during the arid 
season of each year. Moreover, the effects of 
starvation are determined by physiological 
changes, such as by the loss of body mass or by 

the use of primary metabolic fuels during 
starvation. The problem concerns the great 
metabolic fuels (viz. glucose, glycogen, protein 
and lipids), which can recover from the starvation 
period. In addition, the metabolic activities of the 
enzyme pathways were considered during re-
feeding. 
 
MATERIALS AND METHODS 

These studies complied with the Ethical 
Principles and Guidelines for the Use of Animals. 
The researchers received License No. U1-01889-
2558 from the Institute of Animals for Scientific 
Purposes Development (IAD) of the National 
Research Council of Thailand (NRCT). 
 
Experimental Design 

The experiment was determined by utilizing 
completely randomized design (CRD) with 3 
replications. It was carried out using 30 aquarium 
tanks with 3 Broad head catfish per tank. They 
were divided into 2 groups: a control group and a 
re-fed group. 

The average weight of the Broad head catfish 
was 35 grams, and they had been collected from 
Fisheries Department Farm at the Faculty of 
Agriculture of Khon Kaen University. For at least 
for 2 weeks before the experimentation began, 
they were acclimatized to the experimental 
condition in a concrete tank. During this phase, 
they were fed 3 times per day with pellet food for 
catfish. After acclimation for 2 weeks, the fish had 
an average weight of 40 grams.  45 fish were 
randomly selected and placed into 15 aquarium 
tanks for the control group. Another 45 fish were 
randomly selected and placed into another 15 
aquarium tanks for the re-fed group, which 
underwent starvation for 4 weeks and then re-
feeding in weeks 5 - 8. Each aquarium tank 
contained 20 liters of water and was stocked with 
3 fish. The water quality parameters were as 
follows:  pH=7.5; dissolved oxygen=5 mg l-1; and 
the temperature = 24o C. In order to avoid the 
accumulation of waste in the water, every 3 days 
about 50% of the water was replaced. During the 
period of the experiment, the water quality was 
regularly monitored twice a week. After 4 weeks, 
specimens from each group were collected 
weekly, which contained 9 fish from the control 
group and 9 fish from the re-fed group per week. 
 
Serum and Tissues Collection 

The fish were anesthetized by lowering their 
ambient temperature with ice and cold water. 
Blood samples were taken from the anesthetized 
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fish by caudal puncture using syringes with 24 
gauge needles. Blood samples were centrifuged 
at 5,000 g at 4o C for 10 min. using a Hettich 
Rotina 35R centrifuge (Germany). The serum was 
quickly frozen and then stored at -20oC to conduct 
the glucose level assay. Tissues (liver and 
muscle) were rapidly excised and immediately 
frozen at -20oC to conduct the water content, 
glycogen, and the protein and lipid levels analysis, 
as well as the hexokinase (HK), aspartate amino-
transferase (AST), alanine aminotransferase 
(ALT), and the glutamate dehydrogenase (GDH) 
activities analyses. 
 
Tissue Preparations 

For assays of the muscle protein levels and 
for HK activity analysis, the muscle tissue was 
homogenized in 3 volumes of ice-cold 0.1 M 
imidazole (pH 7.4) at 4oC using a KAI Ultra-Turrax 
T18 homogenizer (Japan). The homogenate was 

divided into 100 l samples for protein levels 
assay. The remaining homogenates were 
centrifuged at 15,000 g at 4oC for 10 min. The 
cytosolic fraction (the resulting supernatant) was 
used directly in the HK activity assay (Singer, et 
al., 1990). 

For the assay of the muscle and liver 
glycogen levels analysis, the tissues were 
homogenized in 5% trichloro acetic acid (TCA). 
The homogenate was centrifuged at 5,000 g for 5 
min, and then the pellets were transferred to a 
blender with an appropriate volume of 5% TCA 
and were then homogenized again. To the 
resulting supernatant, 5 volumes of 95% ethanol 
were added with careful blowing to effect thorough 
mixing.  Afterwards, it was allowed to stand 
overnight at room temperature. After precipitation 
had taken place, they were centrifuged at 5,000 g 
for 10 min. The pellets were dissolved by adding 
of 2 ml of distilled water. The carbohydrate 
solution was directly used in the glycogen level 
assay (Carroll, et al., 1955). 

For the assays of AST, ALT, and GDH 
activity, samples of liver tissue were homogenized 
in 3 volume of ice cold 0.1 M imidazole (pH 7.4) at 
4 oC.  The homogenate was centrifuged at 15,000 
g for 10 min at 4 oC. The resulting supernatant 
(cytosolic fraction) was used directly in the AST, 
ALT, and GDH activity assays (Singer, et al., 
1990). 
 
Determination of Hepatosomatic Index, Muscle 
Water Content, and Metabolic Fuels 

Hepatosomatic index (HSI) was measured by 
using the Brown method (Brown, 1957). The 

muscle water content was measured by the oven 
drying method, and the muscle lipid was 
measured by the ether extraction method (AOAC, 
1980). 

Serum glucose levels were measured by 
using the hexokinase method. The reagent 
volume (1 ml) contained 83.5 mM imidazole (pH 
7.4), 5 mM MgCl2, 0.2 mM NAD, 1 mM ATP, 1 unit 
HK, 1 unit glucose-6-phosphate dehydrogenase 

(G6PDH), and 100 l serum. The reagent was 
assayed by incubating for 5 min and then 
measuring the absorbance at 340 nm using a 
Biochrom Libra UV-Visible spectrophotometer 
(UK). Glucose levels in the samples were 
calculated against a reagent blank and the 
concentration of unknown samples was 
determined from a standard curve constructed 
with the use of the glucose standard. 

The muscle protein level was measured by 
the Bradford method, the reagent volume (1 ml) 

contained 990 l of Bradford reagent and 10 l of 
sample solution. The reagent was assayed by 
incubating for 7 min, and then the absorbance 
was measured at 595 nm. Protein levels in the 
samples were then calculated using a reagent 
blank, and the concentration of the unknown 
samples, determined from a standard curve, was 
constructed by using the BSA standard (Bradford, 
1976). 

Muscle and liver glycogen levels were 
measured using the anthrone method. 5 ml 
anthrone reagent (0.05% anthrone + 1% thiourea 
+ 72% H2SO4) and a 1 ml carbohydrate solution 
were prepared. They were immersed in a boiling 
water bath to a depth of slightly higher than the 
level of the liquid in the tube and were left for 11 
min. Next, the tubes were moved to a cold water 
bath.  After they had cooled to room temperature, 
the absorbance was measured at 630 nm. 
Glycogen levels in the samples were calculated 
against a reagent blank and the concentration of 
unknown samples was determined from a 
standard curve constructed by using the glucose 
standard (Carroll, et al., 1955). 
 
Determination of Enzyme Activities 

Maximal enzyme activities were determined 
using a Biochrom Libra UV-Visible 
spectrophotometer (UK). Reaction rates for all 
enzymes were determined by changes in the 
absorbance of NADH at 340 nm every 30 sec for 
5 min. Conditions for the enzyme assays were 
optimized with respect to substrate concentrations 
in 1 ml and were as follows: 
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HK: 72.6 mM imidazole (pH 7.4), 5 mM 
MgCl2, 0.2 mM NAD, 1 mM ATP, 1 mM glucose, 1 

unit G6PDH, and 200 l muscle cytosolic. 
AST: 54.3 mM imidazole (pH 7.4), 7 mM α-

ketoglutarate, 7 mM L-aspartic acid, 0.2 mM 
NADH, 0.025 mM pyridoxal phosphate, 1 unit 

malate dehydrogenase (MDH), and 100 l liver 
cytosolic. 

ALT: 59.1 mM imidazole (pH 7.4), 10.5 mM α-
ketoglutarate, 200 mM L-alanine, 0.2 mM NADH, 
0.025 mM pyridoxal phosphate, 1 unit lactate 

dehydrogenate (LDH), and 100 l liver cytosolic. 
GDH: 62.2 mM imidazole (pH 7.4), 14 mM α-

ketoglutarate, 250 mM ammonium acetate, 0.1 
mM EDTA, 0.2 mM NADH, 1 mM ADP,  and 100 

l liver cytosolic. 
Enzyme activities in the samples were 

calculated against a reagent blank and the 
concentration of the unknown samples was 
determined from a standard curve constructed 
using the NADH standard. 
 
Statistical Analysis 
The results were expressed as mean ± sd. 
Statistical analyses were performed using the 
SPSS software version 19.0. The duration of the 
feeding and re-feeding period was analyzed by 
using One-way ANOVA. The means were 
compared with Duncan’s new multiple range test. 
Statistical comparison between control and re-fed 
groups in each period were made by using the 
dependent paired sample t-test. 
 
RESULTS 
After the 8-week experiment, the results showed 
that in regard to muscle water content, which was 
expressed in the percentage of wet weight, no 
significant differences had been observed in all 
groups (P>0.05).  In regard to the HSI, serum 
glucose, muscle glycogen, liver glycogen, muscle 
protein, and muscle lipids; there had been no 
significant differences in control group, but there 
had been increases in the 5th week in the re-fed 
group (P<0.05). When a comparison between 
control and re-fed groups was made for each 
period, the results showed that muscle protein 
had been significantly higher in the 7th week in the 
re-fed group when compared to the control group. 
Muscle lipids were significantly lower in the 6th 
week in the re-fed group as compared to the 
control group (P<0.05) (Figure 1). 
The metabolic pathways enzymes activities were 
expressed in nmol min-1mg protein-1. The duration 
of the feeding and re-feeding periods, the results 

showed that HK activity had significantly 
increased in the 5th week, while the AST activity 
was significantly decreased in the 5th- 6th week in 
the re-fed group (P<0.05). When a comparison 
was made between control and re-fed groups in 
each period, the results showed that the AST 
activity had been significantly lower in the 7th 
week in the re-fed group when compared to the 
control group (P<0.05), whereas there had been 
no significant differences in the ALT and GDH 
activities in all groups (P>0.05) (Figure 2). 
 
DISCUSSION 
Previous studies, which had conducted studies on 
the effects of starvation on the Broad head catfish, 
found that HSI and metabolic fuel levels (i.e., 
serum glucose, muscle glycogen, liver glycogen, 
muscle protein, and muscle lipids) had decreased 
during the duration of the experiments. In addition, 
they had adapted and had undergone 
homeostasis given that the body had been 
required to use the stored metabolic fuels 
(Chaiyachate, et al., 2017), which is the most 
obvious impact to Phases 1 & 2 of starvation (Le 
Maho, et al., 1981; Mendez and Wieser, 1993; 
Bines, 1999; McCue, 2010). When re-feeding 
began after 4 weeks of starvation, HSI and 
metabolic fuels (i.e., serum glucose, muscle 
glycogen, liver glycogen, muscle protein, and 
muscle lipids) had been found to increase in the 
5th week, but no significant differences had been 
observed in the 6th - 8th week in the re-fed group. 
Liver growth appeared to be rapid during re-
feeding in the 5th week, while the HSI and 
metabolic fuel levels were similar to those of the 
continuously fed controls. The results indicated 
that 4 weeks of starvation and the 1 week of re-
feeding had shown a complete compensatory 
metabolic fuel recovery as compared to the 
continuously fed control group. Different results 
have been reported in some previous studies. For 
instance, the lipid percentages of fish have been 
reported to increase during the first 2 weeks of re-
feeding in rainbow trout (Morata et al., 1982). The 
lipid contents of the liver of the mudskipper were 
found to have initially decreased and then 
gradually increased after 7 days of starvation and 
had remained stable until day 17 (Lim and Ip, 
1989). In juvenile pacu, 30 days of re-feeding after 
60 days of starvation had not been enough to 
recover the pre-restruction carbohydrate levels. 
This was probably due to the fact that the energy 
demand associated with the high metabolic rate 
had occurred during the compensatory process of 
re-feeding at elevated ambient temperatures 
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(Souza, et al., 2001). 
 

 

 
Figure 1: Hepatosomatic index (HSI), muscle water content, serum glucose, muscle glycogen, 
liver glycogen, muscle protein, and the muscle lipids in the Broadhead catfish (Clarias 
macrocephalus) under control and re-feed (mean).
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Figure 2: Hexokinase (HK), aspartate aminotransferase (AST), alanine aminotransferase (ALT), 
and glutamate dehydrogenase (GDH) activities in the Broadhead catfish (Clarias macrocephalus) 
under control and re-feed (mean). 
 
For the ALT and GDH activities, there were no 
significant differences in all of the groups because 
the 4 weeks of starvation had had no effects in the 
previous studies (Chaiyachate, et al., 2017), 
whereas the HK activity had increased in the 5th 
week, which was related to serum glucose levels 
that had been maintained the steady levels of 
glucose in the body. This is called gluco regulation 
which is a homeostatic mechanism (Hoelzer, et 
al., 1986).  AST activity was decreased in the 5th - 
6th week in the re-fed group (P<0.05), and the 
reduction of AST activity was slow to recover to 
the baseline. When a comparison was made 
between the control and the re-fed groups in each 
period, the results showed that the AST activity 
was significantly lower in the 7th week in the re-fed 
group compared to the control group (P<0.05). 
AST is an enzyme that catalyzes the reversible 
transfer of the amino group, which catalyzes the 
inter-conversion of aspartate and α-ketoglutarate 
to oxaloacetate and glutamate. Compared to the 
fed group, the AST activity had been found to be 
significantly higher in the starved group. Perhaps, 
this was due to the use of sparing proteins (i.e., 
aspartate and glutamate), which had been 

converted to oxaloacetate and α-ketoglutarate in 
the TCA cycle during starvation (McCue, 2010; 
Chaiyachate, et al., 2017). 
 
CONCLUSION 
The starvation and re-feeding strategy may aid in 
reducing manpower, feeding costs, and in 
obtaining an even higher yield compared to the 
continuous feeding strategy. In order to develop a 
high performance method for culture, appropriate 
starvation and re-feeding times need to be 
determined, which will be highly appreciated in the 
practice of aquaculture. The results indicated that 
4 weeks of starvation and 1 week of re-feeding 
had shown complete recovery of compensatory 
metabolic fuels as compared to the continuous 
control group of Broad head catfish. The 
adaptations, induced to survive food deficiency 
and the duration required for metabolic fuel level 
changes to develop, appear to be both species 
and size specific (Weatherley and Gill, 1987). 
Different appropriate durations of starvation and  
re-feeding, which affect the metabolic fuels and 
glycolytic enzyme activities recovery, may depend 
upon the species, the size, the dietary feed, and 
the conditions. 
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