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Abstract. Giant gourami (Osphronemus goramy) with an initial weight of 10.4+0.04 g fish™* were used
for two experiments. In the first experiment, 500 L tanks with 50 fish in each tank were exposed to
different temperatures (22, 25, 28, 31, and 34°C) for 56 days. The stomachs and intestines of the fish
were collected at 14, 28, and 56 days to determine the activities of the digestive enzymes such as
trypsin, chymotrypsin, and a-amylase. In addition, plasma glucose concentrations were measured at
these sampling times. The second experiment was conducted at the same temperature levels and the
fish were reared for 90 days to determine survival rate, growth, and food conversion ratio. The results of
the study showed that digestive enzyme activity (trypsin, chymotrypsin, and a-amylase) increased as
the temperature increased from 22°C to 31°C. After 90 days, the highest daily weight gains and specific
growth rates of the fish were 0.68+0.01 g day* and 2.24+0.03 % day?, respectively at 31°C, while the
lowest were found at 22°C (0.13+0.01 g day? and 0.88+0.09 % day™?, respectively). Therefore,
temperature significantly affected the digestive enzymatic activities and growth performance of
fingerling-sized O. goramy.
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Introduction. Climate change is a challenge to both researchers and the general
population. Climate change causes elevated temperatures, droughts, and sea-level
increases, which affect all sectors, particularly those of agriculture and aquaculture
(USEPA 2012). Vietnam has been heavily affected by climate change, and the Mekong
Delta of Vietnam, which is one of the most vulnerable deltas globally, has been
considerably impacted (Dasgupta et al 2007; Syvitski et al 2009). The global mean
temperature has sharply increased over the past 100 years, particularly within the last 25
years, and the mean temperature in Vietham increased by 0.5-0.7°C over 50 years
(MONRE 2016). Temperature increases of 1.4 to 5.8°C over the period from 1990 to
2100 would critically affect the living habitats of aquatic organisms (Houghton et al
2001).

The Mekong River Delta of Vietnam is rich in fish species, especially freshwater
varieties. Popular culture species include tilapia (Oreochromis niloticus), snakehead
(Channa striata), climbing perch (Anabas testudineus), giant gourami (Osphronemus
goramy), and clown knife fish (Chitala ornata), and these species are cultured in different
systems and intensity levels (Hai et al 2022). O. goramy is a species of high economic
value since it shows favorable growth on low-protein diets and is easily cultured in
various systems with a high stocking density. According to Kiem & Thanh (2013), this
species grows rapidly during the first year and can reach 300-500 g under normal
conditions. Therefore, O. goramy could be a potential aquaculture species that could
adapt to climate change in the Mekong River Delta, Vietnam.

Temperature is one of the main environmental factors affecting aquatic animals, as
they are poikilotherms that exhibit sensitive reactions to changes in temperature levels
(Fry 1971). Most fish species can acclimate to moderate changes in temperature, but
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sizeable variations may negatively affect fish growth and survival rates and produce
undesirable changes in physiological responses. This is particularly challenging for
ectotherms that have limited capacities to regulate their body temperatures (Kemp 2009;
Tobin & Wright 2011). Fish increase their body temperatures in response to their
environment, and for every 10°C increase in temperature within the normal tolerance
range, metabolic activity generally doubles (Boyd & Tucker 1998). For most species, a
slight temperature shift within their typical temperature range is beneficial because it
allows for an increase in energy production, thereby promoting faster growth (Wootton
2011), whereas lower temperatures typically impair their performance (Kemp 2009). In
addition, temperature is the most important modifier of energy flow and the consequent
growth of aquatic animals (Brett 1979) and is involved in the modulation of digestive
enzymatic activities (Trellu & Ceccaldi 1980; Charron et al 2013).

This study was designed to generate an understanding of the effects of temperature
on the survival, growth, and digestive enzymatic activities of O. goramy at the fingerling
stage. In addition, it aimed to recommend an optimal range of temperature for the
aquaculture of this species under a climate change context.

Material and Method

Animals and experimental conditions. Research took place between July and
December 2021. Fish fingerlings with an average body mass of 10.4 £ 0.04 g were
purchased from a local hatchery, transported in oxygenated bags to the Faculty of
Biology and Agquatic Environment, College of Aquaculture and Fisheries, Can Tho
University, Vietnam, and acclimated in a fiberglass tank of 4 m3for 2 weeks at a standard
temperature of approximately 28°C. The tank was well aerated, and the fish were fed
with commercial pellets (Uni-President company, 30% protein, pellet size 1 - 2 mm)
during the acclimation period.

All experiments used de-chlorinated tap water. Selected water quality parameters
were recorded twice daily at 07:00 and 14:00 using a thermo-pH meter for temperature
and pH and a DO meter for dissolved oxygen (DO) (YSI 556 handheld meter, Ohio, USA).
Nitrite concentration (NO2") and total ammonia nitrogen (TAN) were measured once a
week using the diazonium and indophenol blue methods, respectively (APHA 1995). The
levels of these parameters used during the experiments were as follows: DO 5.6-6.2 mg
L't, water pH 7.6 - 7.8, NO2" 0.35 - 0.72 mg L, and TAN 0.60 - 1.15 mg L. The
greatest NO2"and TAN concentrations were recorded at 34°C.

The temperature levels were maintained using a cooler (TECO SeaChill TR10) or
heater (EHEIM professional 4+350T, Germany). All experiments were conducted
following the national guidelines for protection and experimental animal welfare in
Vietnam (Law of Animal Health 2015).

Experimental design

The effect of temperature on glucose concentrations and digestive enzymatic
activities of Osphronemus goramy fingerlings. The experiment was conducted in
500 L tanks over 56 days and included 5 temperature levels (22, 25, 28, 31, and 34°C).
Fifty fish from the acclimated tank were randomly stocked in 500 L tanks and 3 tanks
were used for each treatment (three replicates). Twenty hours post-stocking, the water
temperature was increased or decreased by 3°C per day (1°C every 8 hours starting from
28°C as the control temperature). After all treatments reached the desirable
temperatures, fish were collected on Days 14, 28, and 56 and trypsin, chymotrypsin, a-
amylase activities, and plasma glucose concentrations were measured. Blood of the fish
was sampled and centrifuged at 6,000 rpm for 6 min at 4°C to obtain plasma, and then
stored at -80°C for the subsequent measurement of glucose. The sampled fishes (3 fish
tank!) were then dissected to collect the stomachs and intestines for analysis of the
digestive enzymatic activities. These samples were stored at -80°C for further evaluation.
The stomach and intestine samples were thawed on ice and homogenized with potassium
dihydrogen phosphate (KH2PO4) 20 mM buffer and sodium chloride (NaCl) 6 mM at a pH
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of 6.9. The mixture was centrifuged for 30 min at 4,200 rpm and 4°C and the
supernatant was collected and used for chymotrypsin activity measurement according to
the method of Worthington (1982), while trypsin and ag-amylase were analyzed by the
methods of Tseng et al (1982) and Bernfeld (1951), respectively. Protein level was
determined using a Biorad protein assay. Specific activities are expressed as U mint mg
protein-. Glucose was measured following the method of Hugget & Nixon (1957).

The effect of temperature on growth performance of Osphronemus goramy
fingerlings. This experiment was completely randomized in 500 L fiberglass tanks with 5
different temperature treatments (22, 25, 28, 31, and 34°C) over 90 days. Fifty fish were
stocked in a 500 L tank with 3 replicates for each treatment. The test temperatures were
controlled as described in the first experiment. Fish were hand-fed twice daily (at 07:00
and 16:00). Approximately 30 min post-feeding, the remaining food was collected and
quantified for the FCR (food conversion ratio) calculation at the end of the experiment.
The tank water was exchanged weekly (approximately 50% of the water volume).

The body mass of the fish was measured at the beginning of the experiment and
on days 30, 60, and 90 for the fish growth calculation. Growth performance was
determined using weight gain (WG), specific growth rate (SGR), and daily weight gain
(DWG). The survival rate (SR) and feed conversion ratio (FCR) were calculated at the end
of the experiment.

The formula for the calculation of these data were:

Survival rate SR (%) = 100 x (final number of fish/initial number of fish)
Daily weight gain (DWG - g day!) = (Wt- Wo)/t
Weight gain (g) = final weight- initial weight
Specific growth rate (SGR - % day!) = [(Ln (Wt) - Ln (Wo)) / t] x 100
Daily length gain (DLG - cm day™) = (Lt- Lo) / t
Feed conversion ratio (FCR) = total feed intake/total fish weight gain (feed intake =
feed fed - uneaten feed)

where: Wo and Lo are the initial weight and length of fish, respectively; Wt and Lt are the
fish weight and length, respectively, at sampling point t; and t= time (days).

Statistical analysis. All figures were produced using SigmaPlot 12.5. All data were
calculated for the mean, standard deviation, and error using Microsoft Excel 2010. A one-
way ANOVA was used for growth parameters (weight gain, daily weight gain, specific
growth rate, and food conversion ratio), and digestive enzyme activity to identify
significant differences between treatments with a p-value of less than 5% (p < 0.05). All
data are shown as means * standard error of the mean (SE).

Results

Plasma glucose concentrations of Osphronemus goramy fingerlings exposed to
different temperatures. The effects of temperature on the plasma glucose
concentration are shown in Table 1. The lowest plasma glucose concentration occurred at
28°C. After 14 days, significant differences were found among the treatments at 22°C
(53.6 mg dL!), 34°C (63.6 mg dL!), and the control at 28°C (43.6 mg dL!) (p < 0.05).
On Days 28 and 56, the plasma glucose concentrations did not fluctuate in any of the
treatments, except at 34°C (52.6 and 59.3 mg dL1), at which significantly different
results were observed from those of the other treatments.
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different temperatures for 56 days

Table 1
Plasma glucose concentrations (mg dL!) of Osphronemus goramy fingerlings reared at

Treatments/ Day of sampling

temperatures 14t 28t 56t
22°C 53.6 + 1.90° 46.7 + 1.50° 50.5 + 2.082
25°C 49.6 £ 1.22° 45.4 £ 5,542 46.8 £ 1.13°
28°C 43.6 + 3.012 44.2 + 0.83?2 46.2 + 3.362
31°C 58.2 + 2.92¢ 44.8 + 1.312 45.1 + 3.36°2
34°C 63.6 + 3.27¢ 52.6 + 1.48P 59.3 + 4.45°P

Notes: Values are presented as mean = SE (n = 3). Different letters (a, b, ¢, d) on the columns with the same
sampling time show significant differences (p < 0.05).

Digestive enzymatic activities of Osphronemus gourami fingerlings exposed to
different temperatures. After 14 days of exposure to different temperatures, trypsin
activity in the intestine was low at 22°C (0.0056 + 0.0009 U min! mg protein’!) and
significantly different to that at 31°C (0.0127 + 0.0008 U min't mg protein’!) (p < 0.05).
At the end of the experiment, trypsin activity was lower at 22 and 25°C than at 28, 31,
and 34°C, and a significant difference was found between the two time points (Figure 1).
Chymotrypsin activity in the intestine increased linearly as temperatures escalated from
22 to 34°C (Figure 1). The lowest activity was found after 14 days at 22°C (93.4 + 4.46
U mint mg protein't), while the highest was observed at 31°C (157 £ 11.3 U min! mg
protein'!), and these were significantly different compared to those of the remaining
treatments (p < 0.05). After 56 days, the chymotrypsin activity was highest at 34°C (237
+ 6.71 U min'! mg protein'!), and this was significantly different from that of the other
treatments (p < 0.05). Similarly, a-amylase activity in the intestine of the fish exposed to
temperatures from 22 to 31°C increased from 1.11 to 1.78 U min! mg protein?,
although the activity at 34°C was lower when compared to that at 31°C after 56 days. In
the stomach, the activity of g-amylase fluctuated similarly with that in the intestine, and
the highest activity was found at 31°C in all sampling times (Figure 1).

Growth, survival rate, and feed conversion ratio of Osphronemus goramy
fingerlings exposed to different temperatures

Growth performance. The final weight and length of the fish increased as temperature
increased (Figure 2). The significant differences among the treatments were observed at
the beginning of day 30 (p < 0.05). On days 30, 60, and 90, the highest weights were
26.9 £+ 0.68 g fish'!, 49.1 + 0.69 g fish™!, and 72.0 = 0.37 g fish! at 31°C, respectively.
The greatest total length at day 90 was 16.0 = 0.12 cm fish! in the 31°C treatment.

Figure 3 shows that the DWG, SGR, and DLG were enhanced as the temperature
increased. All parameters were significantly lowest at the temperature of 22°C after 90
days of culture. For example, the DWG of the fish was lowest in the 22°C treatment
(0.13 £+ 0.006 g day!) and highest with the 31°C treatment (0.68 + 0.003 g day!), and
the DLG was lowest at 22°C (0.02 £+ 0.002 cm day!) and highest at 31°C (0.08 + 0.001
cm day?) (p < 0.05). However, these parameters were lower at the highest temperature
(34°C treatment) than those at 28 and 31°C (Figure 3).
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Figure 1. Digestive enzymatic activities of trypsin, chymotrypsin, and g-amylase in the stomach
and g-amylase in the intestine of Osphronemus goramy for 56 days reared at different
temperatures. Note: values are presented as mean * SE (n = 3). Different letters (a, b, c, d) in the
bars of the same sampling times show significant differences (p < 0.05).
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Figure 2. Body weight and length of Osphronemus gourami for 90 days reared at different
temperatures. Note: values are presented as mean+SE (n=3). Different letters (a, b, ¢, d) on the
same sampling day show a significant difference (p<0.05).
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Survival rate. The survival rate of fish at the end of the experiment fluctuated from 98.7
to 100%. The highest SR was 100% at 22°C and 25°C, followed by 99.3% at 28°C and
31°C, and 98.7 at 34°C (Figure 3). There was no significant difference among the
treatments (p > 0.05); therefore, the temperature range of 22°C to 34°C did not affect
the survival of O. goramy fingerlings.

Feed conversion ratio. The highest FCR was observed with the 22°C treatment (1.53 %+
0.09), which was significantly different than those of other treatments. This result relates
to the high feed intake amount and low growth of the fish (11.5 = 1.00 g fish! at the
end). There were no significant differences in FCRs among the treatments of 25, 28, 31,
and 34°C, which ranged from 1.19 £ 0.02 to 1.53 £ 0.07 (p > 0.05) (Figure 3).
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Figure 3. Daily weight gain (DWG), specific growth rate (SGR), daily length gain (DLG), and FCR of

Osphronemus gourami after 90 days reared at different temperatures. Note: values are presented

as meanxSE (n=3). Different letters (a, b, ¢, d, e) in the bars of the different temperatures show
significant differences (p<0.05).

Discussion. Elevated water temperatures led to increased plasma (glucose
concentrations, which indicates that the fish were stressed (Kucukgul & Sahan 2008).
The first response to stress by fish is the release of stress hormones such as cortisol and
catecholamine; the second response is the activation of these hormones, which leads to a
change of biochemical and physiological factors; and the third response is a change to
the entire body. Fish consume a considerable amount of energy as they adapt to their
environment. Chronic exposure to stressors can result in a decrease in physiological
parameters and growth performance (Iwama 2006). The results of this experiment
showed that the plasma glucose concentration was sensitive to high temperatures
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compared to that at low temperatures. Although the fluctuation only approximated 6°C,
the glucose concentration at 34°C was significantly higher than that at the control
temperature (28°C) (p < 0.05). However, the level at 22°C was not significantly different
from that of the control (p > 0.05) after 14 days. At the end of the experiment, the
activities of fish normalized, except at 34°C, when the glucose concentration remained
higher than those of other treatments. Similarly, the plasma concentrations of Carassius
auratus exposed to 23, 27, and 31°C for 45 days were 41.0, 38.3, and 35.7 mg 100 mL"
1. respectively, and significant differences were not found (Imanpoor et al 2011). Fish are
stressed when they are in a high stocking density or abnormal environments such as
those with increased temperatures or pH changes. Darmawan et al (2021) found that the
plasma glucose concentration of stressed catfish (149 - 198 mg 100 mL) was high when
stocked directly in a pH < 5. Odhiambo et al (2020) recorded a high glucose
concentration of Oreochromis niloticus during a period of crowding stress. Similarly, gilt-
head sea bream (Sparus aurata) showed elevated glucose concentrations during 3 weeks
of crowding stress (Porchas et al 2009). Catecholamine in the stressed fish stimulated
the liver, which caused the release of glucose from glycogen leading to a plasma glucose
increase.

In this study, the chymotrypsin activity in the fish intestines increased sharply with
elevated temperatures from 22 to 34°C, while trypsin was highest at 31°C; g-amylase
activity also increased to its highest level at 31°C. Amylase activity of fish depends on
species and nutrition, especially in terms of the higher levels found in herbivorous and
omnivorous fish compared to carnivorous species (Hung 2008). This study showed that
these levels increased following the elevation of environmental temperatures, and this
was corroborated by a similar study on yellowtail kingfish (Seriola lalandi), whereby the
amylase activity was 0.04 and 0.8 U/mg protein at 18°C and 22°C (p<0.05), respectively
(Bowyer et al 2013). In addition, those authors indicated that when subjected to
temperatures ranging from 21 to 27°C, trypsin activity was the highest at 24°C (Bowyer
et al 2013). In this study, the fish were reared at temperature fluctuations of £3°C, and
the trypsin activity increased at 28 to 31°C, whereas below 28°C or above 31°C there
was a decrease in this activity.

The results of the present study showed that DWG and SGR were roughly linear
between 22°C and 31°C, but reduced at 34°C. Lihua et al (2006) studied the growth of
cobia (Rachycentron canadum) juveniles and reported a SGR of 4.38 - 4.52% day™! (27 -
31°C), which was significantly different from those of the 23°C (2.74% day™) and 35°C
(1.84% day™') treatments. Glencross et al (2010) reported DWGs of barramundi (Lates
calcarifer) juveniles of 1.39-1.43 g day™ (at 26-35°C) and a lowest FCR of 0.23 g day!
(at 23°C). The growth performance of yellowtail kingfish (Seriola lalandi) juveniles
increased by 54% when the temperature increased from 21 to 26.5°C (Abbink et al
2012). Studies on several fish species have revealed that at the temperature range
tolerated by fish, growth rates increase as temperature rises in a parabolic manner (Xiao-
Jun & Ruyung 1992; Watanabe et al 1993; Larsson & Berglund 2005; Handeland et al
2008). As water temperature increases, an increase in growth and metabolic rate occurs.
However, if the water temperature is exceedingly high, fish will reduce feeding activity
and slow growth because the metabolic process is affected (Hung 2008). This study
indicated that the growth rate increased with elevated water temperatures, reached its
optimal at 31°C, and declined significantly (p < 0.05) at 34°C. Fish growth is dependent
on environmental factors such as water temperature, salinity, pH, and DO, and water
temperature is likely the most important physical factor in the growth rate of fish (Dwyer
& Piper 1987).

After 90 days of rearing, the FCR changed minimally from 25°C to 34°C (1.19 to
1.30) and no significant difference was observed between these treatments. However,
there was a lower and significant difference when compared to the FCR of the 22°C
treatment (1.53). The fish reared at the lowest temperature (22°C) had low digestive
enzymatic activities (Figure 1) and the feed could not be digested completely, leading to
insufficient nutrients for growth, which was similar to that of other fish reared at higher
temperatures. The enzymatic activity of climbing perch (Anabas testudineus) increased
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considerably during May and decreased from September to December as the weather
cooled (Banerjee & Ray 2018).

Conclusions. The body weight, total length, daily weight gain, and specific growth rate
of Osphronemus goramy fingerlings were highest in the 31°C treatment. The proteinases
(trypsin and chymotrypsin) of the fish showed optimum activities at 31°C, while the
highest FCR occurred at a low temperature (22°C). Plasma glucose concentrations
increased in fish reared at both low and high temperatures.

Acknowledgements. This study was partly funded by the Danish Ministry of Foreign
Affairs: Danida Fellowship Centre Project 272 number: DFC 12-014AU iAQUA, The Danish
International Development Agency (DANIDA). Thanks are given to Mr. Vo Quoc Hao, a
Master's student at the College of Aquaculture and Fisheries, Can Tho University for his
partial contribution to this work.

Conflict of interest. The authors declare that there is no conflict of interest.
References

Abbink W., Garcia A. B., Roques J. A. C., Partridge G. J., Kloet K., Schneider O., 2012
The effect of temperature and pH on the growth and physiological response of
juvenile yellowtail kingfish Seriola lalandi in recirculating aquaculture systems.
Aquaculture 330-333:130-135.

Banerjee G., Ray K. A., 2018 The effect of seasonal temperature on endogenous gut
enzyme activity in four air-breathing fish species. Croatian Journal of Fisheries
76:60-65.

Bernfeld P., 1951 Enzymes of starch degradation and synthesis. In: Advances in
Enzymology and Related Areas of Molecular Biology 12:379-428.

Bowyer J. N., Qin J. G., Smullen R. P., Adams L. R., Thomson M. ]. S., Stone D. A. J,,
2013 The use of a soy product in juvenile yellowtail kingfish (Seriola lalandi) feeds
at different water temperatures: 2. Soy protein concentrate. Aquaculture 410-
411:1-10.

Boyd C. E., Tucker C. S., 1998 Pond aquaculture water quality management. Springer.
700 p.

Brett J. R., 1979 Environmental factors and growth. In: Bioenergetics and growth. Hoar
W. S., Randall D. J., Brett J. R. (eds). Fish physiology book series. Vol. 8; Academic
Press, London, 599-675 pp.

Charron L., Geffard O., Chaumot A., Coulaud R., Queau H., Geffard A., Dedourge-Geffard
0., 2013 Effect of water quality and confounding factors on digestive enzyme
activities in Gammarus fossarum. Environmental Science and Pollution Research
20(12):9044-9056.

Darmawan J., Pribadi T. D. K., Haryadi J., 2021 The effect of gradual decrease in pH level
on the survival rate and glucose levels of catfish (Pangasius sp.). AACL Bioflux
14(3):1231-1241.

Dasgupta S., Laplante B., Meisner C., Wheeler D., Yan J., 2007 The impact of sea level
rise on developing countries: a comparative analysis. World Bank policy research
working paper 4136. 51 p.

Dwyer W. P., Piper R. G., 1987 Atlantic salmon growth efficiency as affected by
temperature. The Progressive Fish-Culturist Volume 49(1):57-59.

Fry F. E. J., 1971 The effect of environmental factors on the physiology of fish. In: Fish
physiology. Academic Press Vol. 6:1-98.

Glencross B., Austen K., Hawkins W., 2010 The effects of temperature and size on the
growth, energy budget and waste outputs of barramundi (Lates calcarifer).
Aquaculture 306(1):160-166.

Hai T. N., Son N. P., Tao C. T., Hien H. V., Duc P. M., Phuong N. T., 2022 [Aquaculture in
the Mekong River Delta]. In: Phuong N. T. (Ed.). Agriculture of the Mekong River
Delta: Current status and development vision. 186-240 [in Vietnamese].

AACL Bioflux, 2023, Volume 16, Issue 3. 1729
http://www.bioflux.com.ro/aacl



Handeland S. O., Imsland A. K., Stefansson S. O., 2008 The effect of temperature and
fish size on growth, feed intake, food conversion efficiency, and stomach evacuation
rate of Atlantic salmon post-smolts. Aquaculture 283:36-42.

Houghton J. T., Ding Y., Griggs D. J., Noguer M., Van der Linden P. J., Dai X., Maskell K.,
Johnson C. A., 2001 Climate change 2001: the scientific basis. Contribution of
working group I to the third assessment report of the intergovernmental panel on
climate change. Cambridge University Press. USA. 881 p.

Hugget A. S., Nixon D. A., 1957 Use of glucose oxidase, peroxidase, and O-dianisidine in
the determination of blood and urinary glucose. Lancet. 273:368-370.

Hung L. T., 2008 [Feed and nutrition in aquaculture]. The Agricultural Publishing House,
Ho Chi Minh city. 299 p. [in Viethamese].

Imanpoor M. R., Najafi E., Kabir M., 2011 Effects of different salinity and temperatures
on the growth, survival, haematocrit, and blood biochemistry of goldfish (Carassius
auratus). Aquaculture Research 1-7.

Iwama K. G., 2006 Stress in fish. Annals of the New York Academy of Sciences
851(1):304-310.

Kemp J. O. G., 2009 Effects of temperature and salinity on resting metabolism in two
South African rock pool fish: the resident gobiid Caffrogobius caffer and the
transient sparid Diplodus sargus capensis. African Zoology 44(2):151-158.

Kiem N. V., Thanh P. M., 2013 [Freshwater fish reproduction techniques]. Can Tho
University Publishing house. 151 p. [in Viethamese].

Kucukgul A., Sahan A., 2008 Acute stress response in common carp (Cyprinus carpio
Linnaeus, 1758) of some stressing factors. Journal of Fisheries Sciences 2(4):623-
631.

Larsson S., Berglund I., 2005 The effect of temperature on the energetic growth
efficiency of Arctic charr (Salvelinus alpinus L.) from four Swedish populations.
Journal of Thermal Biology Volume 30(1):29-36.

Lihua S., Chen H., Huang L., 2006 Effect of temperature on growth and energy budget of
juvenile cobia (Rachycentron canadum). Aquaculture 261(3):872-878.

Odhiambo E., Angienda P. O., Okoth P., Onyango D., 2020 Stoking density induced stress
on plasma cortisol and whole blood glucose concentration in Nile tilapia fish
(Oreochromis niloticus) of Lake Victoria, Kenya. Hindawi International Journal of
Zoology 1-8. https://doi.org/10.1155/2020/9395268

Porchas M. M., Cordova L. R. M., Enriquez R. R., 2009 Cortisol and glucose: reliable
indicators of fish stress? Pan-American Journal of Aquatic Sciences 4(2):158-178.

Syvitski J. P. M., Kettner A. J., Overeem I., Hutton E. W. H., Hannon M. T., Brakenridge
G. R., Day J., Vorosmarty C., Saito Y., Giosan L., Nicholls R. J., 2009 Sinking delta
due to human activities. Nature geoscience 2:681-686.

Tobin D., Wright P. J., 2011 Temperature effects on female maturation in a temperate
marine fish. Journal of Experimental Marine Biology and Ecology 403(1-2):9-13.

Trellu J., Ceccaldi H. J., 1980 [Influence of temperature on some enzymatic activities in
Palaemon serratus]. Biochemical Systematics and Ecology. 81:181-191 [in French].

Tseng H. C., Grendell J. H.,, Rothman S. S., 1982 Food, duodenal extracts, and enzyme
secretion by the pancreas. American Journal of Physiology 243(4):304-312.

Watanabe W. O., Ernst D. H., Chasar M. P., Wicklund R. I., Olla B. L., 1993 The effects of
temperature and salinity on growth and feed utilization of juvenile, sex-reversed
male Florida red tilapia cultured in a recirculating system. Aquaculture 112(4):309-
320.

Wootton R., 2011 Growth: environmental effects. In: Farrell A. P. (Ed.). Encyclopedia of
fish physiology: From genome to environment. Academic Press 1629-1635 pp.
Worthington T. M., 1982 Enzymes and related biochemicals. Biochemical Products

Division. Worthington Diagnostic System, Freehold, N. J., USA. 215-226 pp.

Xiao-Jun X., Ruyung S., 1992 The bioenergetics of the southern catfish (Silurus
meridionalis Chen): growth rate as a function of ration level, body weight, and
temperature. Journal of Fish Biology 40(5):719-730.

AACL Bioflux, 2023, Volume 16, Issue 3. 1730
http://www.bioflux.com.ro/aacl


https://www.bing.com/ck/a?!&&p=cc2d94872a570d84JmltdHM9MTY4MDkxMjAwMCZpZ3VpZD0xNGM1NmJhOC0xN2YwLTY4Y2ItMjNmZC03YTg5MTY5NjY5ZTQmaW5zaWQ9NTUwNA&ptn=3&hsh=3&fclid=14c56ba8-17f0-68cb-23fd-7a89169669e4&psq=Pan-Am+J+Aquat+Sci.&u=a1aHR0cDovL3BhbmFtamFzLm9yZy8&ntb=1
https://www.allacronyms.com/Am_J_Physiol
file:///D:/Downloads/%20112(4
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Xiao-Jun%2C+Xie
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ruyung%2C+Sun
https://onlinelibrary.wiley.com/journal/10958649
file:///C:/Users/quynh/Downloads/40(5

***  American Public Health Association (APHA), 1995 Standard methods for the
examination of water and wastewater, 19t Edition. American Public Health
Association, Washington DC. 1108 p.

*** aw on Animal Health, 2015 [Vietnam National Assembly]. No. 79/2015/QH13 dated
10/7/2015 [in Vietnamese].

*** Ministry of Natural Resources and Environment (MONRE) Vietnam, 2016 [Climate
change, sea level rise scenarios for Vietham]. NARENCA Publisher, 188 p. [in
Vietnamese].

*** United States Environmental Protection Agency (USEPA), 2012 Climate change
indicators in the United States, 2012. Technical documentation. 81 pp.

Received: 12 April 2023 Accepted: 02 May 2023 Published online: 23 June 2023

Authors:

Phan Phuong Loan, Agricultural and Natural Resources Faculty, An Giang University, Vietham National
University Ho Chi Minh City, Long Xuyen city, An Giang province, Viet Nam; e-mail: pploan@agu.ctu.edu.vn
Nguyen Thi Kim Ha, Faculty of Aquatic Biology and Environmental Science., College of Aquaculture and
Fisheries, Can Tho University, Ninh Kieu, Vietnam, e-mail: kimha@ctu.edu.vn

Do Thi Thanh Huong, Faculty of Aquatic Biology and Environmental Science, College of Aquaculture and
Fisheries, Can Tho University, Ninh Kieu, Vietnam, e-mail: dtthuong@ctu.edu.vn

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Loan P. P., Ha N. T. K., Huong D. T. T., 2023 The effect of temperature on digestive enzymatic activities and
growth performance of giant gourami (Osphronemus goramy) fingerlings. AACL Bioflux 16(3):1722-1731.

AACL Bioflux, 2023, Volume 16, Issue 3. 1731
http://www.bioflux.com.ro/aacl



