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ABSTRACT

The effects of feed deprivation, including feed restriction and starvation, were investigated on the
biochemical responses of Pangasianodon hypophthalmus over a 28-day period. Juvenile P.
hypophthalmus were divided into three groups: control (daily feeding), feed limited (fed every third
day) and deprived (no feeding). Blood samples were collected weekly. Results showed a significant
decrease (P<0.05) in total protein and calcium levels in fish subjected to feed restriction and
starvation. Although glucose levels decreased, the difference was not statistically significant
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(P>0.05). Cortisol levels in feed-deprived fish showed significant variations (P<0.05) with an erratic
trend. Notably, lactate dehydrogenase (LDH) and creatinine levels exhibited significant increases

(P<0.05).

Throughout the starvation period,

alanine transaminase (ALT) and aspartate

transaminase (AST) levels rose, yet compared to the control, their concentrations did not
significantly differ (P>0.05). The study concludes that total protein, LDH, and calcium, among other
biochemical markers, were particularly sensitive to hunger-induced stress in P. hypophthalmus.
This kind of study already conducted on some freshwater catfishes (Mustafa S., Tripathi G.) and

catfiahes.

Keywords: Stress biomarkers; Pangasianodon hypophthalmus; feed-deprivation stress; biochemical
parameters; fish starvation; fish serum test.

1. INTRODUCTION

Pangasianodon hypophthalmus, also known as
the iridescent shark or striped -catfish, has
become one of the fastest-growing species in the
aquaculture industry worldwide, including in
India. This growth is attributed to its rapid growth
rate, improved management practices, and
availability of essential nutrients, leading to
widespread cultivation by farmers over the past
decade [1].

Stress is an inevitable aspect of aquaculture,
resulting in various physiological changes and
increased susceptibility to diseases when fish are
exposed to physical, chemical, and biological
stressors such as feed deprivation,
overcrowding, handling, and changes in water
quality [2,3]. Feed restriction and starvation can
induce diverse blood and serum responses, with
the duration of restriction influencing the
reactions. Feed deprivation typically triggers the
mobilization of energy stores (glycogen, lipids, or
proteins) to maintain fish homeostasis [4].
Prolonged starvation periods may lead to
hormonal and biochemical changes. Therefore,
understanding the effects of hunger on fish
physiology and meeting their nutritional
requirements are crucial for successful fish
farming [5]. Blood analysis, encompassing both
chemical and biological parameters, is a valuable
tool in diagnosing and monitoring various
conditions. Changes in enzyme profiles serve as
important indicators (biomarkers) of toxicity,
allowing the evaluation of the biochemical and
physiological health of vital organs and tissues in
fish (Gabriel et al., 2007) [3].

2. MATERIALS AND METHODS
2.1 Experimental Design

The juveniles of P. hypothalamus (22.45 + 1.66
cm and 77.37 £ 17.29 g) procured from Naihati
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fish market, S-24 Parganas, West Bengal were
acclimated to laboratory conditions. All the
juveniles were divided into three groups, each in
triplicates , viz., control (fed daily with 28.0 %
crude protein basal diet (commercial pelleted
feed (CP 9951)), @ 3% body weight), feed
restricted group (fed every third day with 28.0 %
crude protein basal diet @ 3% body weight) and
starved group (no feeding). The test fishes were
stocked @ 15 numbers / tank total 135 fishes
covered with fine mesh net and provided with
aeration facility. The experiment was carried out
for 28 days. At the start of the experiment, total
length, body weight and blood sample (Oth day)
were measured. Following that, weekly sampling
was carried out on the 7th, 14th, 21st, and 28th
days.

2.2 Blood Collection

The experimental fish were starved (in case of
fed fish) for 24 h before the blood collection to
minimize the physiological stress during each
sampling occasion. The fish were randomly
sampled from the experimental FRP (Fiberglass
Reinforced Plastic) tanks and transferred to
plastic buckets containing water from the same
FRP tank with same temperature. Fish were then
partially anesthetized by exposing them to clove
oil @ 50 pL/L of water of over one-minute period
to minimize the activity of fish. Blood samples
were collected from each anesthetized
fishs’caudal vein individually to track biochemical
responses. Unheparinized blood samples were
allowed to coagulate at 4 °C for 10 minutes
before being centrifuged at 2500 rpm for 15 min
and kept at 20 °C for examination of serum
biochemical parameters.

2.3 Biochemical Parameters
For all biochemical tests Commercial diagnostic

kits were used. An enzyme-linked immunoassay
kit (Accu Bind Elisa Microwells, Cortisol test
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system) was used to assess the levels of cortisol
in the blood. A kit based on the GOD-POD
method was used to determine serum glucose
(Span Diagnostics Ltd., India). The total serum
protein was measured using the Biuret technique
and a total protein test kit (Dia Sys
Diagnosticspvt. Ltd., India). The ALT and AST
were determined by using ALT and AST test kits
(Span Diagnostics Ltd., India) following modified
UV (IFCC) and kinetic assay methods,
respectively. The serum LDH was determined by
using LDH (P-L) test kit (DiaSys Diagnostics
systems GmbH Germany) following modified
IFCC method. The creatinine was determined by
using creatinine test kit (DiaSys Diagnostics
systems GmbH Germany) following modified
kinetic test without deproteinization according to
the Jaffe’s reaction. The calcium was determined
by using calcium test kits (Span Diagnostics Ltd.,
India) following Modified and end point assay
methods, respectively.

2.4 Statistical Analysis

The results obtained for each examined
parameter were expressed as mean * standard
deviation per each experimental group. Two-way
analysis of variance (ANOVA) was done to
assess significant differences in days and the
experimental groups at the 0.05 Probability level.

3. RESULTS

In the control group (fed daily), the maximum
level of glucose was observed at 138.50+11.59
mg/dl on the 7th day, while the minimum level
recorded was 93.8+1.67 mg/dl on the 21st day.
Regarding cortisol levels, the maximum level
(41.66£2.04 pg/dl) was noted on the 21st day of
stage 1, and the minimum level (30.2+2.04 pg/dl)
was observed on the Oth day (beginning of the
experiment) of stage 1 (Table 1). In the feed-
restricted group (fed every 3rd day), the
maximum levels of glucose and cortisol were
recorded on the 21st and 28th days of stage 1,
measuring 139.45+15.90 mg/dl and 45.59+0.27
po/dl, respectively (Table 1). Conversely, the
minimum levels of glucose and cortisol were

97.5+3.03 mg/dl and 42.32+0.27 pg/dl,
respectively. For the starved (no feeding) group,
the initial glucose level recorded was

118.01+11.61 mg/dl on the Oth day of stage 1,
which decreased to 73.3+0.55 mg/dl by the 28th
day. This indicates a gradual decline in glucose
levels among starved fish, although no significant
difference was found. Initially, the cortisol level in
starved fish was minimum (30.20+2.04), but it
reached its highest value (44.95+0.41) on the 7th
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day. Notably, cortisol levels exhibited significant
variance among the experimental groups and
days.

Lactate  dehydrogenase (LDH)  exhibited
significant fluctuations across different groups. In
the control group (fish fed daily), the maximum
LDH level (435.00+19.79 IU/L) was observed on
the 28th day, while the minimum level
(323.5£34.64 IU/L) occurred on the Oth day
(beginning of the experiment). Conversely, total
serum protein varied between 2.76+0.07 g/dl
(28th day of stage 1) and 2.53+0.15 g/dI (7th day
of stage 1) in the control group. For the feed-
restricted group (fed every 3rd day), the
maximum and minimum total protein levels were
found on the Oth day and 7th day of stage 1,
measuring 2.56+0.02 g/dl and 2.131£0.18 g/dl,
respectively (Table 1). In contrast, the lowest
LDH level of 333.50£19.09 IU/L observed on the
Oth day rose to the highest level of 881.5+64.34
IU/L on the 28th day (Table 1). In starved fishes,
the total serum protein gradually decreased from
an initial level of 2.56+0.02 g/dl to 1.46+0.14 g/dI
observed on the 28th day. However, the lowest
LDH level (333.50+£19.09 IU/L) observed on the
Oth day increased to the highest level
(1101.25+56.77 1U/L) on the 28th day, showing
significant variability between experimental days.

In the control group (fed daily), the highest and
lowest values of alanine aminotransferase (ALT)
fluctuated between 6.66+1.15 and 4.50+0.70
IU/L on the 7th and 21st days, respectively
(Table 1). However, the mean aspartate
aminotransferase (AST) levels did not vary
significantly in the control group, with the highest
mean value of AST being 109.00+14.14 IU/L on
the 28th day. For the feed-restricted fish (fed
every 3rd day), the maximum (8.66+0.57 [U/L)
and minimum (5.66+0.57 IU/L) ALT levels were
observed on the 14th and 7th days of stage 1,
respectively (Table 1). The maximum AST level
of 133.66+21.73 IU/L was recorded on the 7th
day, which decreased to the minimum level of
88+3.46 IU/L on the 21st day (Table 1). In the
starved fishes (no feeding) group, an overall
increasing trend was observed in ALT levels as
the duration of starvation advanced. The highest
ALT level was observed on the 21st day of stage
1 (9.0+1.41 IU/L), while the lowest ALT level was
observed on the Oth day of stage 1 (6.5+0.70
IU/L). There were no significant variances found
between the groups and days. Similarly, the
highest AST level (148+1.41 1U/L) was observed
on the 28th day of stage 1, showing an
increasing trend, although not significantly
variable.
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Table 1. Biochemical parameters (mean + standard deviation) of Pangasianodon hypophthalmus subjected to feed deprivation stage

Biochemical Oth day 7th day 14th day 21st day 28th day
parameters Ctrl FS Stv Ctrl FS Stv Ctrl FS Stv Ctrl FS Stv. Ctrl FS Stv. S PV
Serum glucose 118.01+11.61 118.01+11.61 118.01+11.61 138.50+11.59 132.8045.76 128.55+10.25 102.76+10.54 118.65+6.57 99.00+8.34 93.80+6.17 139.45+15.90 88.95+13.64 127.35+4.17 97.5043.03 73.30£0.55 Groups 0.089
Days 0.152
Serum 30.20+2.04 30.20+2.04 30.20+2.04 30.78+5.48 42.32+0.27 44.95+0.41 35.7645.19 44.37+0.93 44.10£0.86 41.66+2.04 45.59+0.27 43.60+1.76 34.93+2.28 42.47+0.54 39.40+4.71 Groups 0.005*
cortisol(pg/dl)
Days 0.020*
Total serum 2.56+0.02 2.560.02 2.560.02 2.53+0.15 2.130.18 1.73+0.47 2.68+0.04 2.49+0.05 2.03+0.02 2.72+0.05 2.430.05 2.11+0.07 2.760.07 2.200.26 1.46+0.09 Groups 0.370
protein(g/dl)
Days 0.010*
ALT(IUL) 6.50£0.70 6.50£0.70 6.50£0.70 6.66£1.15 5.66x0.57 7.33:2.30 6.33£1.52 8.66x0.57 8.66+3.78 4.50£0.70 6.25+1.25 9.00£1.41 5.00£1.00 6.66£1.15 8.75:0.95 Groups 0.754
Days 0.146
AST (IUlL) 99.002.82 99.00£2.82 99.00£2.82 109.50£0.70 133.66+21.73 123.33+10.40 109.00+8.88 111.66£9.07 111.00+14.14 102.66+17.92 118.00+3.46 123.00£1.73 109.00+14.14 126.00£7.07 148.00+1.41 Groups 0.080
Days 0.187
LDH(IU/L) 333.50£19.09 333.50£19.09 333.50£19.09 408.00£74.95 484.00£56.56 489.00+£91.92 402.0£132.72 778.50+242.53 920.66+158.65 323.50+34.64 735.00£125.72 1014.33+146.7 435.00£19.79 881.50+64.34 1101.25+56.77 Groups 0.061
Days 0.022*
serum 0.375%0.035 0.375+0.035 0.375+0.035 0.456%0.015 0.456+0.049 0.513+0.025 0.370£0.020 0.4950.045 0.506+0.032 0.3860.011 0.430+0.014 0.473%0.023 0.283+0.005 0.373+0.014 0.410+0.014 Groups 0.009*
creatinine
(mg/dl)
Days 0.014*
serum calcium 7.565+0.007 7.565+0.007 7.565+0.007 7.500+0.036 7.110+0.028 6.44510.261 7.523+0.223 7.260+0.141 6.515+0.259 7.810£0.197 7.315+0.063 7.016%0.280 7.876+0.092 7.380£0.112 6.112+0.440 Groups 0.192
(mg/dl)
Days 0.005*

Note: * significant at 5 % level

FS: Feed Restriction

PV: P—value
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In the control group (fed daily), the mean
creatinine level was highest (0.456+0.015 mg/dl)
on the 7th day and lowest (0.283+0.005 mg/dl)
on the 28th day. Conversely, calcium levels
ranged from a minimum of 7.500+0.036 mg/dl on
the 7th day to a maximum of 7.876+0.092 mg/dl
on the 28th day (Table 1). Fish fed every third
day had maximum and minimum creatinine
levels on the 14th and 28th days, with values of
0.495+0.045 mg/dl and 0.373+0.014 mg/dI,
respectively (Table 1). Calcium levels in the
same group ranged from a high of 7.380+0.112
mg/dl on the 28th day to a low of 7.110+0.028
mg/dl on the 7th day (Table 1). In the starved
group (no feeding), the highest creatinine level
was recorded on the 7th day (0.513+0.025
mg/dl), while the lowest creatinine level was
observed on the Oth day (0.375£0.035 mg/dl).
The initial calcium level in the starved group was
7.56520.007 mg/dl on the Oth day, decreasing to
a final level of 6.112+0.440 mg/dl on the 28th
day. These values were significant at the 5%
level both between the groups and days.
Additionally, the calcium values showed
significance at the 5% level between the
experimental days.

4, DISCUSSION
4.1 Biochemical Parameters
4.1.1 Glucose

The blood glucose level in healthy and normal
Pangasianodon hypophthalmus typically falls
within the range of 90-139 mg/dl [6,7]. In our
study, the average blood glucose level of
Pangasianodon hypophthalmus in the control
group ranged from 97.5+3.03 mg/dl to
143.007.21 mg/dl, consistent with previous
findings [7]. The feed-restricted fish exhibited a
minimum glucose level of 97.5£3.03 mg/dl, while
the glucose level decreased to 70.5+£3.39 mg/dl
in starving fish (Table 1). This indicates a gradual
decline in glucose levels among feed-restricted
and starving fish. However, differences across
days or groups were negligible (P>0.05).

The mobilization of energy stores such as lipids,
stimulation of hepatic gluconeogenesis, and a
decrease in the rate of glucose consumption are
all linked to energy homeostasis in fish during
food shortage [8]. However, the lower plasma
glucose level in fasting fish could be explained by
cortisol-mediated glycogenolysis or
gluconeogenesis [9]. Various reactions in blood
glucose concentration have been observed
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depending on the duration of fasting as well as
species-specific variations in metabolism and its
control (Caruso et al., 2010).

Food restriction has been observed to induce a
gradual decline in blood sugar levels in various
fish species, with stabilization occurring after
prolonged fasting periods. Studies on different
species, including catfish (Rhamdia hilarii), brook
trout (Salvelinus fontinalis), chinook salmon
(Oncorhynchus tshawytscha), and rainbow trout
(Oncorhynchus mykiss), have reported
reductions in plasma glucose concentrations in
response to fasting durations ranging from
20 to 42 days [10,11,12,13]. Additionally, in
Heteropneustes fossilis, a significant reduction in
glucose and glycogen levels in liver and muscle
tissues was observed as hunger increased,
indicating increased utilization of carbohydrate
reserves during starvation [14]. Friedrich and
Stepanowska [15] reported a substantial drop in
blood glucose content in Cyprinus carpio during
the initial 6 weeks of fasting, followed by
stabilization at a lower level for the next 8 weeks,
possibly indicating adaptation to a nutritionally
challenging condition or mobilization of glycogen
stores.

4.1.2 Cortisol

Soltanion et al. [16] reported cortisol levels in
healthy Pangasianodon hypophthalmus to be in
the range of 25-27 mg/ml. In the present study,
both feed-restricted and starving fish exhibited a
rise in cortisol levels during the first 7-14 days
before experiencing a subsequent decline.
Throughout the trial, cortisol levels displayed an
erratic trend. Significant differences (P<0.05)
were observed between the control group and
both the feed-restricted and starving fish groups.
However, there were no significant differences
(P>0.05) observed between the feed-restricted
and starving fish groups, both in terms of days
and groups. These findings suggest that cortisol
plays a functional role in energy mobilization in
fish under conditions of feed limitation (feeding
every third day) and famine (no feed). It is well-
documented that fasting or malnutrition can lead
to increased cortisol levels in animals [17].
However, in fish, there is conflicting evidence
regarding the effect of hunger on cortisol levels,
with  some studies reporting decreases,
increases, or no change in cortisol levels [18].

In fasting red porgy, serum cortisol levels
significantly increased compared to fed
individuals, a trend observed in other species like



Charan et al.; Uttar Pradesh J. Zool., vol. 45, no. 11, pp. 9-18, 2024; Article no.UPJOZ.3423

Leiarius marmoratus and Solea senegalensis
Kaup [19,20]. However, Barton et al. (1988)
observed lower cortisol concentrations in starved
fish (Oncorhynchus tshawytscha and Ictalurus
punctatus) compared to fed fish. Additionally,
Park et al. [21] reported that plasma cortisol
concentrations in fed fish (Paralichthys
olivaceus) were high at 4 weeks but remained
unchanged in the deprived group throughout the
12-week trial. They suggested that cortisol and
its metabolites increase in the early stages of
hunger stress, facilitating rapid adaptability to
potentially life-threatening situations. However,
this response diminishes with  prolonged
starvation [22]. Increased corticosteroid levels in
fish appear to serve as a mechanism for
mobilizing energy reserves during periods of food
scarcity [23].

4.1.3 Total protein

Serum total protein serves as a valuable
biomarker for assessing nutritional status and
metabolic activity in fish. Reports indicate that
Pangasianodon hypophthalmus typically exhibits
a total protein range of 4.07-5.30 g/dl [7]. In the
present study, control fish exhibited low serum
protein levels, ranging from 2.53+0.15 to
2.76+0.07 g/dl. However, during periods of feed
restriction and starvation, total serum protein
concentrations declined significantly to 2.13+0.18
g/dl and 1.46+0.14 g/dl, respectively (Table 1). A
significant difference (P<0.05) was observed
between control and starving fish, indicating a
reduction in protein levels. This decline in protein
levels suggests that the fish's basal metabolic
rate necessitates the utilization of tissue protein
to meet caloric needs [14]. Similar patterns have
been observed in the liver and muscle tissues of
Heteropneustes fossilis [14], as well as in other
species such as freshwater catfish Clarias
batrachus and Notopterus notopterus, and
Cyprinus carpio [24,15]. Love [25] demonstrated
that during prolonged starvation, fish utilize
protein as an energy source through
gluconeogenesis.

4.1.4 Alanine aminotransferase (ALT) and
aspartate aminotransferase (AST)

Non-plasma specific enzymes such as aspartate
aminotransferase (AST) and alanine
aminotransferase (ALT) are distributed in tissue
cells across various organs including the liver,
heart, gills, kidneys, and muscles [3]. These
enzymes play a crucial role in linking
carbohydrate and protein metabolism [26].
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Yaghobi et al. [7] established 9+0.57 U/L as a
suitable reference for Pangasianodon
hypophthalmus ALT activity. In the control group
(daily feeding), ALT levels fluctuated between
4.50+0.70 IU/L and 6.66+1.15 IU/L from the first
day to the 21st day. Meanwhile, the mean AST
levels remained relatively stable in the control
group, with the highest and lowest mean values
recorded as 109.00+14.14 |U/L and 99.00+2.82
IU/L, respectively, on the 28th day and Oth day of
this stage (Table 1). In the case of starved fish,
there was a consistent upward trend observed as
the starvation period progressed. In the feed-
restricted group (fed every third day), the highest
ALT level (8.66+0.57 IU/L) and the minimum ALT
level (5.66+0.57 IU/L) were measured on the
14th and 7th days of stage 1, respectively (Table
1). Similarly, the maximum AST level
(133.66+21.73 IU/L) was recorded on the 7th day
in the feed-restricted group, and it decreased to
the minimum level (88+3.46 IU/L) on the 21st day
(Tablel). However, no significant differences
were found in ALT and AST concentrations
across groups (P>0.05).

Park et al. [21] observed a significant increase in
the levels of ALT and AST in Paralichthys
olivaceus subjected to starvation stress,
indicating physiological strain on the liver and
spleen due to fasting. This elevation in serum
ALT and AST activities after fasting suggests
potential hepatocellular damage or cellular
degradation in the liver, spleen, or muscles [27].
The increased permeability of cells during fasting
allows these enzymes to leak into the
bloodstream, further contributing to the rise in
serum enzyme activity [28]. Similar trends were
observed by Olojo et al. [29] in Clarias
geriepinus, where lead exposure led to enhanced
AST and ALT activity, corroborating the findings
of the present study.

4.1.5 Lactate dehydrogenase (LDH)

LDH, an enzyme ubiquitous in all tissues,
primarily participates in carbohydrate metabolism
(Sorensen et al.,, 1984). The levels of lactate
dehydrogenase (LDH) varied significantly across
all groups in this study. The highest LDH levels
were observed in fish subjected to different
feeding regimes: 435.50+19.79 IU/L in the
control group (daily feeding), 881.5+64.34 |U/L in
the feed-restricted group (fed every third day),
and 1115.50+37.47 IU/L in the starving group (no
feed). A significant difference (P<0.05) in serum
LDH was noted between the control and starving
fish, displaying an irregular pattern. The



Charan et al.; Uttar Pradesh J. Zool., vol. 45, no. 11, pp. 9-18, 2024; Article no.UPJOZ.3423

significant variations in LDH activity suggest
potential injury to organs such as the liver or
kidneys, which produce this enzyme [30,31].

The findings of this study are consistent with
those of Ramesh et al. [32], who observed a
substantial increase in LDH activity in Labeo
rohita induced by sodium selenite. Similarly,
Chatterjee et al. [33] noted a significant rise in
LDH activity in Catla catla, Labeo rohita, and
Cirrhinus mrigala stocked at high density.
Exposure of early fingerlings of Labeo rohita and
Cyprinus carpio to suboptimal temperatures
resulted in a significant increase in LDH activity
[33]. Das et al. [34] found a gradual increase in
LDH activity in the gill, liver, kidney, and brain of
Cirrhinus mrigala fingerlings exposed to elevated
ammonia levels. Tkachenko et al. [35] reported a
significant  increase in  LDH levels in
Oncorhynchus mykiss due to exposure to
chloramines-T.

4.1.6 Creatinine

In this study, the unstressed Pangasianodon
hypophthalmus exhibited normal creatinine levels
ranging from 0.283+0.005 to 0.456+0.015 mg/dI.
While creatinine levels showed a slight increase
in fish subjected to feed restriction and
starvation, there was no clear trend or discernible
difference. However, significant differences
(P<0.05) were observed between the creatinine
levels in control and starving fish. The increase in
creatinine levels could potentially be attributed to
glomerular insufficiency, increased catabolism of
muscle tissue, or impairment in carbohydrate
metabolism [36]. These findings align with the
results reported by Osman and Haradawy [37],
who observed an increase in creatinine levels in
the muscle tissue of Clarias geriepinus,
suggesting a steady rate of catabolism.
Conversely, Kulkarni and Barad [38] found a
significant decrease in creatinine levels in
starved Notopterus notopterus fish. These
discrepancies might be attributed to various
factors including species-specific metabolic
responses and environmental conditions.

4.1.7 Serum calcium

In the study, the normal calcium level in catfish
was reported as 2.28 mmol/l (Clarias lazera) by
Fathalla et al. (2004). However, in the current
investigation, calcium levels exhibited significant
differences (P<0.05) between the control and
starved fish, as well as between the feed-
restricted fish and starved fish. The decrease in
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calcium ion concentration could be attributed to
tubular necrosis. Thangavel et al. [39] observed
a reduction in serum calcium levels in
Sarotherodon mossambicus when exposed to
dimecron, while Prasad et al. [6] noted a gradual
decrease in serum calcium levels in
Heteropneustes fossilis after exposure to
Euphorbia royleana latex. Similarly, Das et al.
[34] reported hypocalcemia in Heteropneustes
fossilis following dimethoate exposure. Studies
on Clarias lazera subjected to fasting, high
temperatures, and dim light conditions also
revealed similar trends (Fathalla et al., 2004).
Furthermore, Congleton and Wagner [40]
observed a decline in plasma calcium
concentrations in fasted Chinook salmon,
Oncorhynchus  tshawytscha. Hoseini and
Ghelichpour [41] monitored serum calcium levels
over the fasting period due to its association with
serum proteins. Interestingly, in the current
study, blood protein levels decreased more
rapidly than serum calcium levels in fasting
goldfish. It was observed that calcium levels only
dropped significantly after prolonged periods of
fasting. This suggests that the response of
calcium levels to fasting may vary depending on
the duration of fasting and other environmental
factors [42-44].

5. CONCLUSION

The study revealed that starvation caused
notable  physiological changes in the
Pangasianodon hypophthalmus. While various
parameters  responded to the altered
physiological conditions, not all were equally
effective as indicators of starvation stress. Total
protein, lactate dehydrogenase, and calcium
levels demonstrated heightened sensitivity to
starvation stress. Overall, the results suggest
that Pangasianodon hypophthalmus can endure
food deprivation for as long as two months,
underscoring its capacity for prolonged fasting
adaptation.
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