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A B S T R A C T

An integrated experiment was performed on juvenile Malabar blood snapper (Lutjanus malabaricus) to investigate
the effect of temperature and diet in their pepsin activities in relation with digestive somatic index (IDS) and
relative gut length (RGL). One hundred twenty L. malabaricus juvenile (13–15 cm) were equally distributed
among four exposed temperature treatments (22, 26, 30 and 34 °C) representing their seasonal range and to
account for end of century predicted temperatures, and two diets as commercial pellet and natural shrimp. After
7 days of acclimation period fish were reared for 30 days in twenty four 400 l glass aquaria at a stocking density
of 5 fish tank−1. All treatments were three replications. The result showed that, IDS and RGL gradually decreased
with increasing temperature up to 30 °C and again increase at 34 °C. And the values were also higher in pellet
feeding fish than shrimp feeding fish at all the temperatures. Alternatively, in pepsin activity, an increased
activity was seen between 26 °C to 30 °C and this activity was significantly higher than the 22 °C and 34 °C
(P < 0.05). In general, highest pepsin activity was observed among fish which fed on a natural shrimp diet
reared at temperature 30 °C (5.47 ± 1.60 U mg protein−1), followed by those at 26, 34 and 22 °C (P < 0.05) at
both diet however, no mortalities were observed. These results could be used as a basis for selecting a suitable
diet for maximizing the growth and sustainable aquaculture coping with global warming.

1. Introduction

Feed taken in by fish undergoes through several mechanical and
chemical processes. Once chewed and broken down into small pieces,
feed is exposed to various enzymes like proteases, carbohydrases and
lipases (Caruso et al., 2009). Studies on digestive secretions in fish can
explicate certain aspects of its nutritional physiology and help resolve
dietary problems, such as the matching of a diet to the nutritive com-
petences of fish (German et al., 2004, 2010; German and Bittong, 2009;
Skea et al., 2005, 2007). Although the array of digestive enzymes in
bony fishes is the same as that in other vertebrates (Hidalgo et al., 1999;
Stevens and Hume, 2004), digestive enzymes of fish are less studied. As
essential digestive enzymes, pepsins are most prominently involved in
the protein digestion in fish feeds. In fish, the levels of pepsin enzymes
may be influenced by different exogenous and indigenous factors like

age of the fish (Il'ina and Turetskiy, 1987), type of feed (Hofer et al.,
1982; Hofer and Schiemer, 1981; Jónás et al., 1983), season and/or
temperature of acclimatization (Kuzmina, 1991) etc. However, one of
the most important difficulties in understanding the exerted action (the
cumulative conversion catalyzed by enzymes) is that enzyme activity
highly depends on temperature (Tijskens et al., 2001) as well as by the
quantity and composition of diet (German et al., 2004; Péres et al.,
1998).

The aquatic environmental temperature is changing globally.
Temperature has profound effects on the structure and catalytic func-
tions of enzymes embedded within metabolic pathways. All reactions
are faster at a higher temperature. However, enzyme-catalyzed reac-
tions become slower or stop if the temperature becomes too high, be-
cause enzymes become denatured at high temperatures. Therefore,
enzymes have an optimum temperature that corresponds to maximum
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activity. Increase in temperature, up to optimum level, favours aqua-
culture by reducing the time required to produce marketable size ani-
mals and producing more number of generations per year.
Alternatively, at decreasing temperatures the rates of enzyme-catalysed
reactions are reduced by the low heat content of the cellular environ-
ment (Q10 effect) that effects the weight ligands, and therefore the
formation of the enzyme-substrate complex (Kita et al., 1996;
Mazumder et al., 2015a,b).

Food preferences of the fishes were established in the course of
adaptive radiation and colonization of these habitats, and these re-
quired a broad array of different digestive mechanisms to exploit suc-
cessfully the variety of food available in the ever-changing environment
(López-Vásquez et al., 2009). Several previous studies (Tengjaroenkul
et al., 2000) have shown that the distribution and activity of digestive
enzymes within the gut is affected by feeding habits. An understanding
of the functioning of the digestive machinery helps determine the best
digestibility of nutrients (Furné et al., 2008; Kolkovski, 2001). Studies
on activity of digestive enzymes in fish thus can elucidate some aspects
of fish nutritive physiology and contribute to resolving nutritional
problems, such as the suitability of a diet and the nutritive capacity of a
fish (Furné et al., 2008; Hidalgo et al., 1999; Kolkovski, 2001).

Another important aspect in new species farming is to measure the
digestive tract indexes, such as the digestive somatic index (IDS) and
relative gut length (RGL). This information could assist in determining
feeding type, especially for a species little studied.

Due to the decline in wild fisheries and sustained consumer demand,
Malabar blood snapper (Lutjanus malabaricus) has been identified as
promising candidates for coastal and marine aquaculture (Morais et al.,
2001; Nanton et al., 2001; Rosenlund and Skretting, 2006). This species
has good characteristics to be considered an adequate candidate for
commercial aquaculture with high growth rate, excellent meat quality,
and tolerance to overcrowding. The species is carnivorous active fee-
ders, with a well-defined stomach and pyloric ceca, and a very short
intestine divided into proximal, middle and distal regions. To our
knowledge there is no information is available with respect to the di-
gestive physiology of this specie under culture conditions.

In order to evaluate the possible involvement of temperature and
diet in the regulation of digestion in L. malabaricus, it was decided to
investigate the effect of rearing temperature and diet variation on the
digestive somatic index, relative gut length and extractable activities of
pepsin enzyme of L. malabaricus.

2. Materials and methods

2.1. Sampling and experimental setup

This assay was taken with a homogeneous group (13–15 cm) of L.
malabaricus (n = 120) collected from local hatcheries of Pulau Ketam
(03° 01′ 20” N and 101° 15′ 20” E), Selangor, peninsular Malaysia and
transported to the marine science laboratory of UKM Bangi, Malaysia
(Fig. 1). The fish were housed in stocking tanks with equal dimensions
(1.96 m × 1.02 m × 0.61 m, 1200 l) for up to 7 days with a sustained
environmental temperature (∼26 °C), salinity (30 psu), pH (∼7.5) and
NH3 (< 0.25 mg L−1) and a diet consisting of formulated pellets (pro-
tein: 45–47%, lipid: 8%, and carbohydrate: 7%). The acclimation pro-
cedure followed the earlier investigations on various fishes (Chatterjee
et al., 2004; Debnath et al., 2006). Once the fish started feeding and
excreting wastes, they were transferred to 24 experimental tanks where
the experiment was carried out for a period of 30 days. The tanks have
equal dimensions (1.2 m × 0.5 m × 0.58 m, 400 l). Tanks were ran-
domly divided into eight treatments (four temperatures × two diets).
At four different temperatures, twelve tanks were subjected to pellet
diet, and the other twelve tanks were subjected to shrimp diet. Under
each temperature condition, three replicates were used. A flow-through
system was used, and the water exchange rates were 0.5 l min−1.

Each experimental tank contained five fish. The fish were manually

fed with a commercial diet pellet (protein: 45–47%, lipid: 8%, and
carbohydrate: 7%) or natural shrimp diet (Acetes sp.; protein: 57.55%,
lipid: 7.56%, and carbohydrate: 7.54%) twice a day (09.00 and
16.00 h) until apparent satiation was observed (Donelson et al., 2010).
Satiation was determined as the point when fish stopped feeding ac-
tively and feeds settled at the bottom of the tanks for more than 2 min.
Leftover food was collected, dried, and weighed (the weight of dried
left over food was about 71% of the wet food); and the total con-
sumption was determined accordingly.

The temperature changes for the experimental groups were in-
creased at a rate of 2 °C day-1 using a thermostat (E-JET heater 200 W,
Penang, Malaysia) and a chiller (HS–28 A, 250–1200L/H, Guangdong
Hailea Grouph Co. Ltd.) until the experimental temperature that started
at the minimum temperature of 22 °C reached the maximum of 34 °C
(22, 26, 30, and 34 °C) (De et al., 2016). The fish were then deprived of
food for 2 days and anesthetized with α-methyl quinoline (TransmoreR;
Nika Trading, Puchong, Malaysia) (0.22 ml L-1 in 3 l of sea water as an
anasthetic medium for 10–15 min) prior to the initial measurement of
body weight (g) and total length (cm). The total length was measured to
the nearest 0.01 cm with a measuring board and weighed to the nearest
0.01 g using an electronic balance [Model: KD-300KC] (Simon et al.,
2012). During the 30-day experimental period, the water quality
parameters viz., temperature, salinity, and pH were monitored daily,
whereas the total ammonia nitrogen ((NH3-N) and total hardness were
measured weekly. All measurements were taken at 0900 h. Tempera-
ture, pH, and salinity were monitored using a YSI 59 Multiparameter
Water Quality Probe (Yellow Springs Instrument Company OH, USA).
NH3-N was measured using the salycilate method (Hach™ method
8155), and total hardness was measured by titration (La Motte Che-
mical test kit, model WAT-DR). Aeration was provided continuously
except during feeding to maintain dissolved oxygen above 6 mg L−1.
During the experimental period, samples were maintained on a 12 h
light:12 h dark photoperiod.

2.2. Digestive somatic index and relative gut length

After rearing 30 days of different temperature and diet treatments,
fish were starved for 48 h prior to sampling in order to ensure their guts
were empty. The samples were mildly anesthetized with α-methyl
quinoline (TransmoreR; Nika Trading, Puchong, Malaysia) (0.22 ml L−1

in 3 l of sea water as an anaesthetic medium for 10–15 min) prior to the
measurement of body weight (g) and total length (cm) (Simon et al.,
2012). To eliminate any effect from differences in individual body
mass, the digestive somatic index measured (IDS) and relative gut length
(RGL) were measured. For calculation of the IDS, fish were weighed (M)
and their entire gut (from oesophagus to anus) were removed by an
incision at the oesophagus and cloaca. It was then cut longitudinally
and washed thoroughly in ice-cold 0.1 mol L−1 phosphate-buffered
saline (PBS, pH 7.4). After rinsing, the gut was blotted dry with filter
paper, weighed (MG) and stored at −20 °C until analysed. The IDS (g)
was calculated as: IDS = 100MG M−1 (Abolfathi et al., 2012; Bélanger
et al., 2002; Furné et al., 2008). The relative gut length was estimated
by dividing the gut length by total length of the body (Al-Hussaini,
1949; Gupta, 2004). All efforts were made to minimize suffering. All
animal holding and experimental protocols complied with Universiti
Kebangsaan Malaysia ethics regulations (permission number: FST/
2016/SIMON/27-JULY/763-JULY-2016-MAY-2017).

2.3. Homogenization

After careful unfreezing, the stomachs were isolated using a pre-
paration needle and weighed. Stomachs were homogenized in-
dividually using glass and electric Teflon homogenizer (Polytron,
Heidolph RZR 1, Germany) in 20 vols (v/w) of ice cold 50 mM Tris-HCl
buffer solution with pH 7.4. The process was performed on ice. For the
homogenization, a 50 mM Tris-HCl buffer solution with pH 7.4, was
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used at a proportion of 1 g tissue in 20 ml of buffer. The homogenates
were then centrifuged at 4 °C at 10,000g for 15 min in a Kontron cen-
trifuge model Centrikon H-401. After centrifugation, the supernatant
was collected and frozen at −20 °C until used in enzyme assays.

2.4. Essay conditions

Assays were carried out in duplicate at room temperature (25 °C)
and absorbance was read with a Thermo Scientific Spectronic
GENESYS™Visible Spectrophotometer 20 (Thermo Fisher Scientific,
Inc., Waltham, Massachusetts, USA). All pH values for enzyme assays
solutions were taken at room temperature and all reagents were pur-
chased from Sigma-Aldrich (Selangor, Malaysia). Every reaction was
run against homogenate and substrate blanks (Skea et al., 2005), and all
assays were run at saturating substrate concentrations as determined
with preliminary optimizations (German et al., 2004). Incubation times
were also optimized prior to assays to ensure incubation time period
was within linear range. Total protein content of stomach supernatant
was determined using Bradford assay utilizing the BioRadR assay kit
(Bradford, 1976).

2.5. Pepsin assay

The activity of pepsin was assayed in relation to soluble protein in
the extracts (specific activity). Activity was assayed using 2% of hae-
moglobin in 0.06 N HCl as a substrate and activity was determined
based on Natali et al. (Natalia et al., 2004). The assay is based on the
stop-point assay of haemoglobin degradation developed by Anson
(Anson, 1938). The buffer used was Tris-HCl (pH 7.4). The mixture
consisted of 2% (w/v) solution of 0.5 ml haemoglobin, 1 ml TCA and
0.1 ml of crude enzyme. The process involved in two steps, one for
unknown samples and another for blank tubes. The samples and blanks
were assayed in duplicate. First taken 100 μl crude enzyme extract into
each tube following 500 μl substrate (2% bovin haemoglobin). And for
blank tubes taken 500 μl substrate (2% bovin haemoglobin). All mix-
tures were incubated for 10 min in hot air oven at 37 °C and the reac-
tion stopped by adding 1 ml of 5% trichloroacetic acid (TCA) and in
blank tube added 100 μl of crude enzyme extract. All the samples and
blanks were left at room temperature for 5 min. The samples were then
centrifuged at 12000 g for 5 min and measurements were carried out by
UV/VS spectrophotometer (Ultro Spec 2000 Pharmacia Biotech) and
absorbance was carried out at 280 nm. The specific enzyme activity was
expressed as unit per milligram of protein (U mg protein−1) as:

[Absorbance value at 280 (supernatant) − Absorbance value at 280

Fig. 1. Map depicting sampling site.
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(blank)] × 1000/(10 min × mg protein)

2.6. Statistical analysis

No significant differences were found among any of the replicate
means (P > 0.05), and the data for the different replicates were
therefore averaged (Dean and Voss, 1999). Homogeneity of variance
was assessed with Bartlett's test and the Kolmogornov-Smirnov (K-S)
test was used to test normality to ensure the requirements of ANOVA
were met (Sokal and Rohlf, 1995). Two way ANOVA was used to
compare IDS, RGL and specific pepsin enzyme activities at the different
water temperatures and diet. Pairwise comparison of means was con-
ducted with Tukey test to identify significant differences (Zar, 1984).
Values in the text are expressed as mean ± standard error of the mean
(SE), unless otherwise stated and P < 0.05 was used as the level of
statistical significance. All measurements were carried out in duplicate.
A nonlinear polynomial cubic model was fitted to express the re-
lationship of specific pepsin activity with IDS and RGL.

3. Results

3.1. Water quality parameters

Mean values ± SE of physico-chemical parameters recorded in
experimental tanks during this study are presented in Table 1. They
were adequately stable at the nominal treatment levels of 22, 26, 30,
and 34 °C and there was no significant difference (P > 0.05) in all the
parameters except TH which is significantly different between 34° C
and 22° C respectively. These values are within suitable ranges for
culture of this species (Marković et al., 2009).

3.2. Digestive somatic index and relative gut length

The biometric parameters for L. malabaricus at different temperature
and diet are presented in Table 2. Results showed that body mass in-
creased significantly (P < 0.05) with increasing temperature from
22 °C to 30 °C and slowed down again at 34 °C. At 30 °C the body mass
increased markedly whereas the lowest was observed at 22 °C in pellet
and shrimp diet respectively. At all temperatures the values were higher
in shrimp diet than that of pellet diet but they are not significantly
different from each other at all the temperature (P > 0.05, Table 2).
Conversely, the digestive tract weight and length decrease with in-
creasing temperature. The highest digestive tract weight and length
were observed at 22 °C feeding with pellet diet and lowest observed at
30 °C feeding with shrimp diet. The values of IDS & RGL also showed
decreasing trend. At 22 °C the values were observed to the maximum at
both diets. When the exposed temperature increased from 22 to 30 °C
the values of IDS & RGL gradually decreased and again raised with
further increase to 34 °C. The minimum IDS & RGL values observed at
30 °C in both diets. However, the values are not changed significantly
with diet variations (P > 0.05) except at 22 °C in IDS and 22 °C and
26 °C in RGL.

The two-way ANOVA analysis showed that temperature affected
significantly on fish weight (g) but diet and the interaction between

temperature and diet did not affect significantly on final weight of the
L. malabaricus. But in case of digestive tract weight (g) diet did not
affect significantly (P > 0.055). Whereas, IDS changed significantly
(P < 0.05) when changing the temperature and diet but the interac-
tion between temperature and diet did not show any significant effect
(P > 0.05) on IDS. The digestive tract length and RGL affected sig-
nificantly (P < 0.05) by temperature and diet but their interaction did
not affect markedly (P > 0.05).

3.3. Pepsin enzyme activity

Analyses of variance (Table 3) indicate that pepsin activity was
affected by water temperature and diet (P < 0.001). However, no
significant effect was recorded for the interacting effect of temperature
and diet (P > 0.05). When an interaction effect is present, the inter-
pretation of the main effects can be misleading. Therefore, pairwise
comparisons of the cell means were performed instead, as this approach
is more useful when it is of interest to find the combination of factors
that produces the most desirable results (Table 4).

Temperature profiles of pepsin activities were assayed at a range of
22–34 °C. When fish were offered commercial pellet diet the pepsin
enzymatic activity revealed an increasing profile from 22 °C to 30° and
differ significantly (P < 0.05, Table 4). The same pattern also ob-
served when fish were feeding shrimp diet and showed the minimum
pepsin activities at lower (22 °C) and higher temperature (34 °C) and
maximum activity showed at 30 °C. Overall, the optimal temperature of
pepsin activity in the stomach of L. malanaricus was 30 °C and was
greater in natural shrimp feeding fish than in commercial pellet feeding
fish (Table 4).

Fig. 2 showed the relationship between digestive somatic index (IDS)
and pepsin enzyme activity in the stomach of L. malabaricus. A poly-
nomial cubic model was fitted (r2 = 1) to make the relationship be-
tween IDS and pepsin enzyme activity and showed a negative correla-
tion between them. At 30 °C the pepsin activity was highest whereas the
IDS value was the lowest at same temperature and followed a decreasing
trend of pepsin enzyme activities with increasing the values of IDS. At
22 °C the pepsin activity was minimum whereas the IDS value was
maximum (Fig. 2a). In case of shrimp diet the relationship also showed
the opposite trend at different temperatures and follow the similar
polynomial cubic model though the pattern is different to pellet diet
(Fig. 2b).

The pepsin activity also showed the opposite relation to relative gut
length; that is, pepsin enzyme activity slowed down with increasing
relative gut length (Fig. 3a–b). A polynomial cubic model fitting was
also done to correlate their relationship (r2 = 1). Similar to the IDS, the
RGL was highest at 22 °C while the pepsin activity was lowest. The
lowest RGL observed at 30 °C while pepsin activity was highest feeding
on pellet and shrimp diet (Fig. 3).

However, for an understanding of the digestive processes not only
the enzymatic activity but also the retention time of food in the gut is
relevant. Unfortunately, little information is available on the gut pas-
sage time in tropical fish. From gut passage data of L. malabaricus ob-
tained from our previous experiment found a very close relationship
with pepsin enzymatic activity (Mazumder et al., 2015a,b). At 30 °C for

Table 1
Physico-chemical parameters measured during the period of experiment.

Parameters 22 °C 26 °C 30 °C 34 °C

Temperature (°C) 22 ± 0.56 26 ± 0.14 30 ± 0.29 34 ± 0.29
Salinity (psu) 30 ± 0.45a 30 ± 0.34a 30 ± 0.36a 30 ± 0.12a

TH (mg L−1) 119.33 ± 22.33a 108.07 ± 18.41ab 125.4 ± 16.49a 97 ± 3.89b

NH3-N (mg L−1) 0.25 ± 0.20a 0.25 ± 0.20a 0.33 ± 0.24a 0.42 ± 0.24a

pH 7.47 ± 0.09a 7.07 ± 0.31a 7.27 ± 0.17a 6.87 ± 0.17a

*TH: total hardness and NH3-N: ammonical nitrogen, values in rows followed by different letters differ significantly.
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L. malabaricus the pepsin activity was highest at both diet resulting the
minimum time required for complete disappearance of food from the
stomach (18 h & 16 h for pellet and shrimp diet respectively). Con-
versely, maximum time required for complete digestion of food from
the stomach at 22 °C at both diet (28 h & 24 h for pellet and shrimp diet
respectively) meaning that the increased level of pepsin activity ac-
celerate the digestion process into the stomach of L. malabaricus
(Fig. 4).

4. Discussion

Acclimation to changed temperature produces morphological
change in the gut areas. The IDS tended to be higher during cold and
higher temperature and recover initial values in their favourable tem-
perature exposed. The gut of cold and hot-acclimated fish have a larger
diameter; this is inferred from the increase in the unmodified cylinder
surface area. Cold-acclimation of these fish species has produced villi
which are both significantly taller and broader than those of optimum
temperature-acclimated fish (Lee and Cossins, 1988). Similar findings
have also been reported from Acipenser transmontanus, Acipenser nac-
carii Bonaparte 1836, Oncorhynchus mykiss and Salmo salar L. 1758

(Furné et al., 2008; Hung et al., 1997; Krogdahl and Bakke-McKellep,
2005; Storebakken et al., 1998). The present results revealed that gut
weight was related to growth rate through absorption ability. The IDS at
26 and 30 °C exposed fish were lower than that of the lower and higher
temperature (22 and 34 °C) exposed fish, which is in accordance with
results of Bélanger et al. (2002).

Table 2
Biometric parameters for Lutjanus malabaricus at different temperature and diets experiment.

Temperature (°C) Diet Fish weight (g) Digestive tract weight (g) Digestive tract length (cm) IDS RGL

22 Pellet 56.38 ± 1.96d 2.18 ± 0.18a 19.94 ± 0.95a 3.86 ± 0.19a 1.46 ± 0.04a

Shrimp 59.99 ± 2.65d 1.91 ± 0.10ab 19.60 ± 1.19ab 3.19 ± 0.18b 1.41 ± 0.05a

26 Pellet 69.47 ± 3.95bc 1.78 ± 0.24b 17.20 ± 0.57c 2.57 ± 0.33cd 1.18 ± 0.04cd

Shrimp 70.86 ± 5.83ab 1.77 ± 0.19b 16.88 ± 0.76cd 2.50 ± 0.13cd 1.15 ± 0.04d

30 Pellet 73.68 ± 2.70a 1.64 ± 0.14b 15.44 ± 0.38de 2.24 ± 0.24d 1.04 ± 0.03e

Shrimp 77.16 ± 4.67ab 1.64 ± 0.11b 14.56 ± 0.48e 2.12 ± 0.14d 0.95 ± 0.03f

34 Pellet 62.64 ± 2.14cd 1.84 ± 0.10b 18.14 ± 1.06bc 2.95 ± 0.17bc 1.33 ± 0.06b

Shrimp 63.18 ± 3.39cd 1.82 ± 0.18b 17.40 ± 0.56c 2.89 ± 0.30bc 1.24 ± 0.01c

Two-way ANOVA P-values
Temperature 0.000** 0.000** 0.000** 0.000** 0.000**
Diet 0.059NS 0.144NS 0.03* 0.003* 0.000**
Tem× Diet 0.724NS 0.233NS 0.811NS 0.011* 0.301 NS

Values are mean ± SE. Different superscript letters in the same column indicate significant differences (P < 0.05) among the treatments in each temperature and diet groups. Asterisk
indicates significant effects (P < 0.05) on temperature and diet groups. NS indicates not significant (P > 0.05). Tem × Diet: Temperature × Diet.

Table 3
Two-way ANOVA tests of significance for the interactions of temperature and diet on
specific pepsin activity of L. malabaricus.

Source DF SS MS F P

Temperature (°C) 3 47.7867 15.928 26.83 0.000**
Diet 1 24.5706 24.5706 41.38 0.000**
Temp × Diet 3 2.9436 0.9812 1.65 0.197NS

Error 112 19.0010 0.5938
Total 119 94.3020

* P < 0.05; temperature: 22, 26, 30, 34 °C; diet: pellet, shrimp. Asterisk indicates sig-
nificant effects (P < 0.05) on temperature and diet groups. NS indicates not significant
(P > 0.05). Tem× Diet: Temperature × Diet.

Table 4
Pepsin enzymatic activities in stomach of L. malanaricus at different temperature and diet.

Pepsin activity (U mg protein−1)

Diet Temperature (°C)

22 26 30 34

Pellet 0.75 ± 0.14c 1.92 ± 0.78b 3.26 ± 0.08a 1.52 ± 0.38bc

Shrimp 2.34 ± 0.86b 3.67 ± 0.49b 5.47 ± 1.60a 2.90 ± 0.63b

Data are means ± SE (n = 15). Different superscript letters in the same row indicate
significant enzymatic differences (P < 0.05) among the exposed temperature in each
diet.

Fig. 2. Correlation between digestive somatic index and specific pepsin activity in the
stomach contents of L. malabaricus at different temperature and diet: a) pellet diet and b)
shrimp diet. Values are means ± SE (n = 15). The open circle with dash line indicates
the pellet diet while solid circle with solid line indicates shrimp diet.
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The RGL of sea cucumbers cultivated at a low water temperature of
7 °C was significantly higher than in the other treatment groups during
the experimental period (Gao et al., 2009). Sui and Liao (1988) re-
ported that the digestive tract of A. japonicus develops rapidly when
water temperature is below 8 °C–10 °C. A high RGL was also observed
in A. japonicus during the winter season from January to March when
ambient water temperatures range 3 °C–11 °C (Gao, 2008). The effect of
thermal acclimation on the size of the intestine in vertebrates has been
the subject of considerable research interest, and the studies have
confirmed that the stressed temperature-exposure leads to an increase
in intestinal mass (Hammond and Wunder, 1995; Hammond et al.,
2001; Nespolo et al., 2002).

However, one of the most important factors other than temperature
controlling gut dimension is that of diet. In our present study the L.
malabaricus taken lower amount of food at lower and higher tempera-
ture (22 and 34 °C respectively) and increased their gut mass at these
corresponding temperatures. The digestive organ mass shown to be
increased at lower ambient temperature in association with low quality
diet (Bozinovic et al., 1990). The mass of food eaten strongly de-
termines intestinal mass (Hammond et al., 1994; Konarzewski and
Diamond, 1994). Cold and hot-acclimation produces a depression in
both appetite and growth (Smith, 1975). It is relevant to ask therefore
whether reduced dietary consumption induces the demonstrated in-
testinal hypertrophy. In the present study, the diet in all treatment
groups was the same. Thus, the gut mass increase in L. malabaricus at
low and high water temperature may also be attributed to decreased
digestibility rather than diet quality.

The L. malabaricus fish species exhibited enzyme activities able to

hydrolyze the protein used as substrate in the assay. Once the food has
been swallowed by the fish, it is kept in the stomach where pepsin-like
enzymes and, in some instances, HC1 is secreted by the chief cells
(Muyan et al., 2006). These cells have been found in all gastric fish
species (Munilla-Morán and Saborido-Rey, 1996; Smith, 1989). There-
fore, an acidic environment for gastric digestion must be expected. In
fish, protein is digested initially in the stomach in breaking down large-
chain polypeptides chains by pepsin and acid, and then further de-
graded into smaller peptides and free amino acids in the intestine by the
combined actions of various alkaline proteases (Natalia et al., 2004;
Tengjaroenkul et al., 2000).

Determining the optimum temperature for enzyme activity might be
interesting for comparative studies. Changing temperature usually ra-
dically affects the catalytic performance of enzymes. Report showed
that the maximum protease activity of many species could occur in a
wide temperature range from 30 to 60 °C (Muyan et al., 2006). The
temperature in fish gut lumen is closely linked to that of the environ-
ment. Water temperature thus have a manifold effect on fish digestion.
When testing the effect of temperature on pepsin enzyme activity, the
results showed that pepsin worked best at the temperature 30 °C. When
the temperature decreased to 22 °C, the enzyme activity decreased
sharply. Turbot and redfish retained almost half of the activity at low
temperatures (5 °C). On the contrary, seabream had less than 3.5 times
this activity (P < 0.001) at the same temperature (Munilla-Morán and
Saborido-Rey, 1996). A decrease in the enzymatic activity with de-
clining to the incubation temperature (Table 3), as also observed by
several other authors (Kuz’mina and Kuz’mina, 1990; Trofimova, 1973;
Uys and Hecht, 1987). Chemical bonds make up the shape of protein
and protein‘s function is related to its shape and therefore activity
would decrease or impact the enzyme catalysing a reaction (Reece
et al., 2011). When temperature is being increased from lower to
higher, the rate of the enzyme activity is high because substrates collide
with active sites on the enzyme more frequently as the molecules move
rapidly (Reece et al., 2011). The optimum pepsin activity at 30 °C in L.
malabaricus stomach reveal that the optimal temperature of enzymes
was higher than the habitat temperature; however; this phenomenon is
consistent with results from studies on other fishes (Chen et al., 1998;
Lazo et al., 2007; Xiong et al., 2011). The optimum temperature range
of Scophthalus maximus is 40–50 °C for protease (Wang et al., 2006).
This pattern was also similar to other fish species, such as Mallotus
villosus and Gadus morhua. In this regard, the highest pepsin activity
was found at 38 °C (Gildberg, 1983). The optimum temperature range
of Scophthalus maximus is 40–50 °C for stomach protease (Wang et al.,
2006). It has been suggested that the ability of fish to hydrolyse feed
may decline with a decrease in the environmental temperature.

In general, the response of the digestive enzyme activity closely
linked to the growth performance results reported in Bowyer et al.
(2012). In addition, the enzyme activity in fish directly related to feed
intake (Eusebio and Coloso, 2002; Hardewig and Van Dijk, 2003). Fish
may adapt their metabolic functions to the dietary substrates, through a
regulation in enzyme secretion, in order to improve the utilization of
feed ingredients (Caruso et al., 2009). Fernandez et al. (2001) pointed
out that the adaptations of the digestive system of different species
reveal closer correlation with their diet rather than on their taxonomic
category was also confirmed by the results of Kuz'mina (1996) who
indicated that changes in digestive enzyme activity could be affected by
feeding behaviour and biochemical composition of food. In fact, in most
studies on tropical freshwater catfish and carps show that excellent
results could be achieved if live food is partially or wholly included in
the larval diet (Kamarudin et al., 2013).

Pepsin activity increased remarkably in the lower and higher tem-
perature exposed conditions when the fish species taken lower amount
of food, showing an opposing trend to that of IDS and RGL. This is
supported by the in situ study of Fu et al. (2006) who recorded that
pepsin-like activity in A. japonicas increased noticeably from June to
July (fishes taking lower amount of food or even don’t take any food).

Fig. 3. Correlation between relative gut length and specific pepsin activity in the stomach
contents of L. malabaricus at different temperature and diet: a) pellet diet and b) shrimp
diet. Values are means ± SE (n = 15). The open circle with dash line indicates the pellet
diet while solid circle with solid line indicates shrimp diet.
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Gao (2008) also found that pepsin activity spiked during deep aesti-
vation.

Pepsin activity and hence gastric emptying time is strongly depen-
dent on temperature (Fauconneau et al., 1983; Flowerdew and Grove,
1979; Windell, 1978). Also, fishes acclimated to different temperatures
showed distinct activity levels (Hofer, 1979, 1982). And the enzymes
involved in pepsin digestion are influenced by temperature both on the
enzyme activity or modifying the affinity of the enzyme by its substrate
(Wilkison, 1990). In the cold not only is appetite depressed but, more
importantly, studies in trout have shown a substantial decrease in
gastrointestinal transit rate (Fauconneau et al., 1983). There have been
numerous studies of temperature compensation of intestinal transport
processes in goldfish and carp (Gibson et al., 1985; Kitchin and Morris,
1971; Smith, 1975; Smith and Ellory, 1971). Marked temperature and
diet related differences in the IDS, RGL and pepsin enzyme activity rates
of juvenile L. malabaricus may have important implications in better
aquaculture practices by maintaining the suitable temperature ranges
and diet preferences

5. Conclusion

In conclusion, this study primarily reported on the IDS, RGL, and
overall activity of pepsin enzyme along the stomach of L. malabaricus in
various temperature and diets they generally fed in the nature. The
findings obtained from this study suggest to culture L. malabaricus at
30 °C feeding on shrimp diet as this temperature proliferate the enzy-
matic activity leading to faster digestion which will ultimately promote
faster growth rate of this commercially important fish species. These
information can, in turn, be used for future management and con-
servation issues and research for L. malabaricus or any Lutjanidae in
Malaysia and any part of the world. Moreover, the results also provide
important information for food management to optimize the aqua-
culture production in snapper aquaculture industry.
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