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Introduction
The utilisation of nutrients depends on the presence and quantity 

of appropriate digestive enzymes.There are several enzymes involved 
in the digestion of feed into subunits appropriate for absorption in the 
gastrointestinal (GI) tract of fish, and there are variations in enzyme 
activity between species [1-3]. Fish are commonly divided according 
to their feeding habits into carnivorous, omnivorous and herbivorous, 
and it is generally believed that this is reflected in digestive enzyme 
activities [2,4-6]. However, this is not always the case. In some studies 
the relationships between feeding habits and proteolytic and α-amylase 
activities were unclear [7,8], and it has been shown that carnivorous fish 
have α-amylase activity despite the lack of starch in their natural diet 
[9,10]. In practice, species-specific data on the presence and activity of 
digestive enzymes can be used in diet ingredient selection [11] and can 
result in a formulation of diets that match the digestive capacity of the 
fish [12]. For example, studies on digestive enzymes in fish have helped 
define limits for the dietary inclusion of protein and carbohydrates [12-14].

Both Arctic charr (Salvelinus alpinus) and Eurasian perch (Perca 
fluviatilis) are considered to be facultatively piscivorous [15,16], but 
Eurasian perch has also been described eating benthos [2]. However, 
there are differences between the GI tracts in perch and charr. The 
number of pyloric appendages differs between the species [17]. In 
Eurasian perch the pyloric caeca consists of only three appendages, 
while Arctic charr has 20-74 appendages. Moreover, the intestine 
in Eurasian perch is S-shaped and longer than the straight intestine 
found in Arctic charr. Nevertheless, the morphological structure of the 
digestive tract does not necessarily match its manner of feeding [18].

Studies have been performed on the activity of some of the digestive 
enzymes in early life stages of both Eurasian perch [19] and Arctic 
charr [20,21], but little is known about the digestive enzyme activities 
of adult individuals. Kuz’mina [2] found that carbohydrase activity 
varied more than protease and alkaline phosphatase activities with age 
in wild-caught Eurasian perch, but no correlation with growth rate was 
performed. Fish [7] reported on the activity of digestive enzymes in 

perch, but provided no information on the origin and size of the fish 
used.

Growth capacity can be restricted by several environmental and 
physiological factors [22]. In Atlantic cod (Gadhus morhura) [23] and 
Atlantic salmon (Salmo salar) [24], trypsin activity has been shown 
to have an effect on growth rate. In rainbow trout (Oncorhynchus 
mykiss), amylase, maltase and protease activity has been found to be 
higher in fast-growing fish [25]. In intensive production of Eurasian 
perch, growth heterogeneity in the population is a major restriction 
[26] and the same problem exists in the production of yellow perch (P. 
flavescens) [27]. In this study, the objective was to compare digestive 
enzyme activities in slow and fast-growing groups of Eurasian perch of 
different ages to evaluate if differences in growth rate could be related 
to digestive enzyme activity. Furthermore, differences in digestive 
enzyme activity in Eurasian perch and Arctic charr were studied. The 
starting hypotheses were that fast-growing perch have higher digestive 
enzyme activity than slow-growing perch and that there are differences 
in digestive enzyme activity along the GI tract in Eurasian perch and in 
Arctic charr.

Materials and Methods
Fish and housing

Fingerlings of Eurasian perch (mean weight 6.0 g) were obtained 
from a commercial fish hatchery (Östgös AB, Söderköping, Sweden) 
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The activity of the digestive enzymes lipase, α-amylase and disaccharidases (sucrase, maltase, isomaltase 

and trehalase) was studied in slow-growing and fast-growing groups of farmed Eurasian perch (Perca fluviatilis) 
of different ages. The activity of carbohydrases (disaccharidases and α-amylase), lipase, trypsin and chymotrypsin 
were also compared in Eurasian perch and Arctic charr (Salvelinus alpinus). No effect was noted of growth rate 
and age on the digestive enzyme activities in Eurasian perch. Total lipase activity was higher than total combined 
carbohydrase activity in both species (142.0 vs. 6.2 and 111.0 vs. 2.5 U mg-1 protein for Eurasian perch and Arctic 
charr respectively; P<0.001 for both). Compared with Arctic charr, Eurasian perch had higher lipase activity in the 
pancreas and lower lipase activity in the pyloric caeca and mid-intestine. Total chymotrypsin activity was higher 
than total trypsin activity in both species, whereas total chymotrypsin activity was higher for Arctic charr than for 
Eurasian perch (192.8 and 110.2 U mg-1 sample respectively; P<0.001). The high lipase and protease activity, and 
low carbohydrase activity in both species can be linked to their carnivorous feeding habits. Moreover, Eurasian Perch 
had a higher total carbohydrase activity than Arctic charr, suggesting a greater capacity for digesting carbohydrates, 
especially starch.
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and brought to the Swedish University of Agricultural Sciences, 
Uppsala. The fish were stored in a 1,000-L flow-through tank. Feed 
waste was removed daily, while every week approximately 70% of the 
water in the tank was flushed out and replaced with fresh water, and 
the walls of the tank cleaned. The average water temperature was 20°C, 
dissolved oxygen concentration ranged from 6.42 to 8.7 mg L-1 (HQ 
40d, Hach Lange GmbH, Berlin, Germany), pH fluctuated from 7.5 to 
8.0, and ammonium-nitrogen (N) and nitrate-N were below detection 
limits (Sera Aqua-test box, Heinsberg, Germany). The photoperiod 
was set to 12 h light and 12 h darkness. The tank was provided with an 
artificial plant to provide shelter for the fish. 

Seven months before sampling, 100 Arctic charr (mean weight 
30.5 g) of the selected strain ‘Arctic superior’ [28] raised at the Kälarne 
research station, Sweden, were placed in a 1,000 L flow-through tank 
at the research station. The average water temperature was 4°C and the 
photoperiod was set to 12 h light and 12 h darkness.The experiment 
was performed in compliance with laws and regulations on procedures 
and experiments on live animals in Sweden, which are overseen by the 
Swedish Board of Agriculture.

Feeding

The Eurasian perch and Arctic charr were fed commercial iso-
nitrogenous fish feeds, formulated to match the nutrient requirements 
of each species. The nutrient composition was therefore not identical 
with respect to lipid and nitrogen-free extractives (NFE). The nutrient 
composition (g kg-1) was crude protein (CP): 500, lipid: 157, NFE: 200, 
crude fibre: 8 and ash: 78 for the Eurasian perch and CP: 500, lipid: 220, 
NFE: 115, crude fibre: 4 and ash: 96 for the Arctic charr. Fish were fed 
to apparent satiation twice daily (corresponding to approximately 1.7% 
and 2.0% of biomass in the tank for perch and charr respectively) by 
automatic feeders. 

Sampling

To compare the effect of age and growth rate on lipase and 
carbohydrase activity in the GI tract of Eurasian perch, fish of two 
ages (approximately 12 and 18 months old) were visually sorted into 
small and large fish. From these four groups, 12 young small (PYS), six 
young large (PYL), six old small (POS) and six old large (POL) fish were 
randomly selected. In order to compare the lipase and carbohydrase 
activity in the GI tract in Eurasian perch and Arctic charr, six Arctic 
charr comparable in size to PYL were selected for sampling. The fish 
were starved for 24 hours prior to sampling and their weight and length 
recorded (Table 1). Before handling, all the fish were anaesthetised 
(tricaine methanesulphonate, MS 222; 124 Western Chemical Inc., 
Ferdale, WA, USA), and then finally killed by cutting the brachial arches. 
The liver (LI), stomach (ST), pancreas (PA), pyloric caeca (PC), mid-
intestine (MI) and distal intestine (DI) were dissected, and the ST, MI 
and DI opened longitudinally and rinsed in ice-cold saline. The samples 

were frozen in liquid nitrogen and stored at -80°C until analysis. The 
pancreas was defined as the connective tissues surrounding the gut, 
including the diffuse pancreas. The intestines were sectioned as follows: 
in Eurasian perch the MI was taken to be the section distal to the most 
distal pyloric caecum and behind the second bend of the intestine and 
decrease in intestinal diameter, and the DI was the section posterior to 
the distal end to the anus; in Arctic charr, the MI was taken to be the 
anterior part between the pyloric caeca and the ileo-rectal valve, and 
the DI was the posterior part from the ileo-rectal valve to the anus. 

In addition, ten Eurasian perch and ten Arctic charr were sampled 
in order to measure the trypsin and chymotrypsin activity in the 
intestinal chyme from PC, MI and DI. These fish were not starved 
prior to sampling. The fish were anesthetised before killing. The PC was 
frozen as sampled, while the MI and DI were cut open longitudinally 
and the chyme gently removed and immediately frozen in liquid 
nitrogen and stored at -80°C.

Preparation of homogenate

For lipase, α-amylase and disaccharidase activity assays and 
protein determination, tissue samples were thawed, cut into small 
pieces and suspended (1:20) in ice-cold malic acid buffer (pH 5.4) and 
homogenised in an electrical homogeniser (Ultra turrax tube dispenser, 
IKA Werke GMBH & Co.KG, Staufen, Germany). The homogenate was 
then centrifuged for 10 minutes at 15,800×g and the supernatant stored 
at -80°C for later analysis. The protease inhibitor phenylmethylsulfonyl 
fluoride (PMSF; 0.5 mM; Sigma no. P7626, Sigma-Aldrich Sweden AB, 
Stockholm, Sweden) was added before the homogenate was analysed 
for lipase and α-amylase activity and protein content.

For trypsin and chymotrypsin activity assays, the PC with chyme 
was cut into small pieces and suspended (1:20) in ice-cold buffer 
(0.2 M Tris HCl, 0.05 M CaCl2, pH 8.0) containing enterokinase 
solution (25.0 µg enterokinase mL-1). Samples were homogenised 
in an electric homogeniser (Ultra turrax tube dispenser, IKA Werke 
GMBH  & Co.KG), andthe PC incubated for about 16 hours at 4°C 
to let enterokinase convert trypsinogen to trypsin, thereby activating 
chymotrypsinogen. The samples were then centrifuged for 10 minutes 
at 15,800×g. The supernatant was immediately analysed for trypsin 
and chymotrypsin activity. Chyme from MI and DI were suspended 
and homogenised as described for PC above, but without the addition 
of enterokinase solution to the buffer since trypsin was present 
and therefore converting trypsinogen to trypsin. The samples were 
centrifuged for 10 minutes at 15,800×g, and the supernatants were 
stored at -80°C for later analysis.

Enzyme assays

Preliminary tests were performed for each enzymatic assay during 
which various dilutions of the homogenates were tested, as well as 
different pH and temperatures, to determine which parameters resulted 
in the greatest initial rectilinear change in absorbance in a certain time. 
The enzyme activity of α-amylase and disaccharidases was determined 
with a microplate reader (Multiscan FC; Thermo Fisher Scientific Inc., 
IL, USA) and, for lipase, trypsin and chymotrypsin, a spectrophotometer 
(UV-1800, Shimadzu Europa GmbH, Duisburg, Germany) was used.

Alpha-amylase activity was determined with a commercial kit 
(Ceralpha Method, AOAC Official Method 2002.01., Megazyme 
International Ireland Ltd., Wicklow, Ireland) using benzylidene end-
blocked p-nitrophenyl-α-D-maltoheptaoside as substrate. The test 
tube, containing 100 µL homogenate and 20 µL amylase high-range 
reagent solution, was incubated for 20 minutes at room temperature. 

Group n Weight (g) Length (cm)
PYS 20 29.3 ± 3.9 14.0 ± 0.6
PYL 10 62.6 ± 7.6 18.4 ± 0.8
POS 10 84.3 ± 20.3 20.2 ± 1.4
POL 10 289.5 ± 26.2 28.3 ± 0.9
Charr 10 57.5 ± 9.8 17.4 ± 12.0
Perch (trypsin &chymotrypsin) 10 264.6 ± 26.1 -
Charr (trypsin & chymotrypsin) 10 82.7 ± 11.0 -

Data is presented as means ± standard deviation
Table 1: Numbers, weights and lengths of the sampled Eurasian perch and Arctic 
charr.
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The reaction was stopped by adding 300 µL stopping solution (alkaline 
solution) and absorbance was recorded at 405 nm.

The activity of disaccharidases (maltase, isomaltase, sucrose and 
trehalase) was determined according to the methods described by 
Dahlqvist [29], using maltose (Sigma no. M5885), isomaltase (Sigma 
no. I7253), sucrose (Sigma no. 84097) and trehalose (Sigma no.T9531) 
respectively as substrates. Incubation with 10 µL homogenate and 10 µL 
substrate buffer was performed at 37°C for 60 minutes and then stopped 
by adding 300 µL Tris-glucose oxidase reagent. This was followed by 
another 60 minutes of incubation at 37°C for the colour to develop. 
Absorbance was recorded at 450 nm.

Lipase activity was determined according to Albro et al., [30] using 
p-nitrophenylmyristate (p-NPM; Sigma no. 70124) as substrate. In 
brief, the reaction mixture was prepared in a final volume of 1.0 mL and 
contained 100 mM Tris HCl (pH 8.0) 10 mM deoxycholate, 6 mM DL-
dithiothreitol (DTT) and 0.5 mM p-NPM. Ethylene glycol monomethyl 
ether was used to dissolve p-NPM at 50°C. The reaction was started by 
adding 100 µL homogenate and was monitored at 400 nm for 2 minutes 
at 30°C. The background (control without homogenate) change was 
subtracted from all values.

Trypsin and chymotrypsin activity was determined according to 
Rick [31] and Worthington [32] respectively. For trypsin, benzoyl-
arginine-p-nitroanilide (BAPNA; Sigma no. B4875) was used as 
substrate and the reaction was followed at 390 nm for 2 minutes at 25°C. 
For chymotrypsin, N-benzoyl-L-tyrosine ethyl ester (BTEE; Sigma no. 
B6125) was used as substrate and the reaction was monitored at 256 nm 
for 2 minutes at 25°C.

Enzyme activity is expressed as specific activity in U mg-1 protein 
or U mg-1 sample (U=µmol substrate hydrolysed min-1). Protein was 
analysed using a Micro BCA Protein Assay kit, no. 23235 (Thermo 
Fisher Scientific Inc., IL, USA).

Statistical Analysis
Data was analysed with the statistical analysis system, version 9.3 

(SAS Institute, Inc, Cary, NC, USA). The Mixed procedure was applied 
to calculate least square means (LSM) and standard errors (SE). Three 
different comparisons were made: the first analysing the effect of age and 
growth rate on carbohydrase and lipase activity in different regions of 
the GI tract of Eurasian perch, for which the statistical model included 
the fixed effects of groups (PYS, PYL, POS and POL) and tissues (LI, ST, 
PA, PC, MI and DI). In the second comparison, the digestive enzyme 
activity in different regions of the GI tract was analysed separately for 
Eurasian perch and Arctic charr with tissues as fixed effect. Finally, 
the effect of species on the enzyme activity in different regions of the 
GI tract of Eurasian perch (PYL was used) and Arctic charr of similar 
size was analysed. This model included the fixed effects of species and 
tissues. Two-way interactions between fixed factors (groups/species 
and tissues) were tested and excluded from the models if found to be 
non-significant (P>0.05). Fish within treatment was the experimental 
unit and treated as a random factor in all three models. The level of 
significance was set at P<0.05. 

To compare the overall activity of individual carbohydrase and 
lipase in the GI tract, the activities in all tissues were summarised 
and in the remainder of this paper are referred to as ‘total activity’. In 
addition, the total carbohydrase activity (sum of total sucrase, maltase, 
isomaltase, trehalase and α-amylase activity) was compared with the 
total lipase activity within and between species. The PDIFF option was 
used to calculate P values when testing differences between LSMs. The 

most relevant comparisons–differences between tissues and differences 
between species within the same tissue–were selected. To adjust for 
multiple comparisons using the Bonferroni method, the P values 
obtained were multiplied by the number of comparisons (indicated in 
the tables and figures). 

Results
Enzyme activities in the GI tract of Eurasian perch

In terms of enzyme activity in different regions of the GI tract of 
Eurasian perch, the activity of carbohydrases and lipase was unaffected 
by growth rate and age (P>0.05). However, significant differences were 
found in the enzyme activity between different tissues (Figure 1A).The 
highest sucrase activity was found in MI, followed by LI, which was 
not significantly higher than the activity in PC (P=0.125). The lowest 
sucrase activity was found in ST, PA and DI. The maltase activity was 
higher in PC than in MI (P=0.008), whereas the isomaltase activity was 
higher in MI than PC (P=0.029) and also higher in these two tissues 
than in the other tissues (P<0.001). The activity of trehalase was higher 
in PA (P<0.001) than in all the other tissues. The activity of α-amylase 
was higher in PA than in all the other tissues (P<0.001), followed by 
the activity in PC, which was higher than the activity in LI, ST and 
DI. Lipase activity was highest in PA (P<0.001) and similar in all other 
tissues except for LI, where the activity was lower than in DI (P=0.049). 
The trypsin and the chymotrypsin activities were higher in PC than in 
MI and DI (P<0.05 for all).

The total lipase activity (142 U mg-1 protein) in the GI tract was 
about 23 times higher than the total carbohydrase activity (6.2 U mg-1 
protein) (P>0.001). Among the carbohydrases, maltase had the highest 
total activity (4.8 U mg-1 protein), followed by isomaltase (0.95 U mg-1 
protein), and then trehalase, α-amylase and sucrase(0.96, 0.17 and 
0.13 Umg-1 protein respectively) (P<0.001 for all). Total chymotrypsin 
activity (110 U mg-1 sample) was significantly higher than total trypsin 
activity (0.27 U mg-1 sample).

Enzyme activities in the GI tract of Arctic charr

Differences in disaccharidases and lipase activity in different regions 
of the GI tract are presented in Figure 1B. Sucrase activity was higher in 
LI (P<0.001) and maltase activity was higher in PC and MI (P<0.001) 
than in the other tissues. The activity of isomaltase was highest in PC, 
followed by MI, whereas the activity in the other sampled tissues did 
not differ. Trehalase activity was highest in PC and MI and lowest in ST. 
The highest α-amylase activity was observed in PA (P<0.001).The lipase 
activity was higher in PC and MI than in all other tissues (P<0.001). The 
trypsin and the chymotrypsin activities were higher in MI than in PC 
and DI (P<0.05 for all).

Total lipase activity (111 U mg-1 protein) in the gut was 46 times 
higher than total carbohydrase activity (2.4 U mg-1 protein) (P>0.001). 
Among the carbohydrases, maltase had the highest total activity (1.5 U 
mg-1 protein), followed by isomaltase (0.70 U mg-1 protein) and then 
trehalase, sucrase and α-amylase (0.17, 0.04 and 0.03 U mg-1 protein 
respectively) (P<0.001 for all). Total chymotrypsin activity (193 U mg-1 
sample) was significantly higher than total trypsin activity (0.24 U mg-1 
sample).

Comparison of enzyme activities in the GI tract of Eurasian 
perch and Arctic charr

The activity of sucrase was significantly higher in the LI, PC and 
MI of Eurasian perch than in Arctic charr (Figure 2A). Eurasian perch 
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had significantly higher maltase activity in PC, MI and DI than Arctic 
charr (Figure 2B), whereas the activity of isomaltase (Figure 2C) only 
was higher in DI of perch (P<0.001).Trehalase and lipase activities 
were significantly higher in PA of Eurasian perch than of Arctic charr 
(Figure 2D and 3B), but the opposite relationship was found in PC and 
MI (P<0.001). In Eurasian perch, the activity of α-amylase was higher 
in PAand PC than incharr (Figure 3A).

There were interactions between species and tissues in trypsin 
and chymotrypsin activities (P<0.001). Both enzymatic activities were 
higher in PC of Eurasian perch than of Arctic charr,where as charr 
had higher activities in MI (Figure 4A and 4B). In DI, no significant 
differences between the two species could be observed. In Arctic charr, 
the activity of lipase, trypsin and chymotrypsin was higher in MI than 
in DI (P<0.001 for all), whereas no such difference was observed for 
Eurasian perch (P>0.05 for all). 

Total lipase activity did not differ between the species (P=0.420). 
Eurasian perch had a higher total carbohydrase activity than Arctic charr 
(P<0.001). The total activity of the individual carbohydrases (maltase, 
sucrase and α-amylase) was also significantly higher (P<0.001) in 
Eurasian perch than in Arctic charr, and isomaltase activity tended to be 
higher (P=0.061), where as trehalase activity was higher in Arctic charr 
than in Eurasian perch (P=0.022). The total activity of chymotrypsin 
was higher for Arctic charr than for Eurasian perch (P<0.001). For total 
trypsin activity, no difference could be found (P=0.469). 

Discussion
Enzyme activities in perch in relation to age and size

No effect of age or size on enzyme activity in Eurasian perch 
was observed in the present study. In contrast, Kuz’mina [2] noted 
a decrease in sucrase and α-amylase activity in adult Eurasian perch 
compared with fry. However, in this study, the comparison was between 
farmed fish fed a commercial diet, and the age range covered was 
narrower than in the study by Kuz’mina [2]. Moreover, the body size 
of the small fish differed from the fry examined by Kuz’mina [2]. In the 
wild, Eurasian perch changes its feeding habits as it grows, from initially 
eating predominantly plankton as fry to gradually eating more benthos 
as it continues to grow in size. According to [16], Eurasian perch starts 
its adaptation to become piscivorous at an approximate body length of 
14-18 cm, above which the diet is dominated by fish. Thus it appears 
reasonable to assume that the perch examined in the present study 
were physiologically already more or less adapted to eating fish, which 
explains the lack of impact of age and size on carbohydrase activity.

The hypothesis here of slow-growing Eurasian perch having a 
lower digestive enzyme activity was not supported by the results. 
Similarly, Blier et al., [33] studied the activity of several different 
enzymes, including trypsin, chymotrypsin and alkaline phosphatase, in 
transgenic Coho salmon and found little or no difference between fast-
growing transgenic and non-transgenic fish. Kuz’mina [2] did not find 
any difference in proteolytic activity in large and small fry of perch or 
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Figure 1: Enzyme activities (U mg-1 protein, logarithmic y axis) in sections of the gastrointestinal tract of A) Eurasian perch and B) Arctic 
charr. Disaccharidases (sucrase, maltase, isomaltase and trehalase), α-amylase and lipase inthe liver (LI), stomach (ST), pancreas (PA), 
pyloric caeca (PC), mid-intestine (MI) and distal intestine (DI) ofA) Eurasian perch (n=24) and B) Arctic charr (n=6). Bars within enzymes 
marked with different letters are significantly different (P<0.05). Results presented are least squares means and standard error.
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pike, but in bream (Abramis abrama) and roach larger fry had higher 
proteolytic activity. However, Ditlecadet et al., [34] found higher trypsin 
activity in fast-growing Arctic charr than in slow-growing Arctic charr.

In the present study, no distinction was made between endogenous 
and exogenous digestive enzymes. Askarian et al., [35] found amylase-, 
lipase- and protease-producing bacteria in Atlantic cod. However, 
although it is possible that the gut microbiota may contribute to fish 
nutrition, the role of enzyme-producing bacteria isolated from the fish 
gut remains unclear, mainly due to the different utilisation of substrates 
in vitro and in vivo [36].

Carbohydrases

The α-amylase activity in both Eurasian perch and Arctic charr was 
found to be highest in diffuse pancreatic tissues, as also reported by 
Fish [7]. For omnivorous/herbivorous species such as the Mozambique 
tilapia (Oreochromis mossambicus), goldfish (Carassius auratus) and 
river garfish (Hyporhampus regularis ardelio), the amylase activity shows 
a more widespread presence in the gut [7,37,38]. In contrast, Sarbahi 
[37] did not find any α-amylase activity in the gut of the carnivorous 
largemouth bass (Micropterus salmoides). Reimer [39] found very low 
α-amylase activity in Arctic charr, and suggested that it is of exogenic 
origin. However, α-amylase activity has been found in the gut of some 
carnivorous species such as yellowfin tuna (Thunnus albacares) [40], 
rainbow trout [41]and pike (Esox lucius) [2].

Total α-amylase activity in the different tissues was higher in Eurasian 
perch than in Arctic charr (0.13 vs. 0.03 U mg-1 protein, respectively), 
including higher α-amylase activity in the pancreas and pyloric caeca. 
This could be a species specific effect and indicates that Eurasian perch 
may have a higher capacity to digest starch than Arctic charr. There 
is a variation in α-amylase activity between species and it appears to 
be higher in herbivorous and omnivorous species than in carnivorous 
ones [2,4,41,42]. Thus, this suggests that feeding habits and long-term 
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Figure 2: The enzyme activities (U mg-1 protein) of the disaccharidases A) 
sucrase, B) maltase, C) isomaltase and D) trehalase in the liver (LI), stomach 
(ST), pancreas (PA), pyloric caeca (PC), mid-intestine (MI) and distal intestine 
(DI) of Eurasian perch and Arctic charr (n=6 for both). Bars within tissues 
marked with different letters are significantly different (P<0.05). Results 
presented are least squares means and standard error.
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Figure 3: The enzyme activities (U mg-1 protein) of A) α-amylase and B) lipase 
in the liver (LI), stomach (ST), pancreas (PA), pyloric caeca (PC), mid-intestine 
(MI) and distal intestine (DI) of Eurasian perch and Arctic charr (n=6 for both). 
Bars within tissues marked with different letters are significantly different 
(P<0.05). Results presented are least squares means and standard error.
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selection and adaptation could explain species related differences. In 
some studies, no relationship between α-amylase activity and feeding 
habits has been found [1,8].The difference in α-amylase activity 
between species might also be related to the higher NFE content in the 
diet fed to Eurasian perch. However, recent experiments conducted 
by this research group (Abro, Lundh and Lindberg, unpublished data) 
confirmed a higher α-amylase activity in Eurasian perch than in Arctic 
charr when feeding fish diets that have different inclusion levels of NFE. 
Furthermore, no significant correlation between α-amylase activity and 
dietary NFE levels could be found in that study.

The relatively high activity of some digestive enzymes in the liver 
of both Eurasian perch and Arctic charr was unexpected. This may be 
due to an infiltration of endocrine or exocrine pancreatic tissue into the 
liver [5,9,17] or due to intracellular liver enzymes. The liver contains 
amylo-1,6-glucosidase, acid α-glucosidase and neutral α-glucosidase 
[43], which might have cleaved glucose units off the disaccharides. 
However, digestive enzyme activities have been found in the liver of 
rabbit fish (Siganus canaliculatus) [5] and in that of animals such as 
rats [44].

The highest sucrase activity in Arctic charr was found in the 
liver, while in the liver of Eurasian perch it was as high as in the mid-
intestine (Figures 1A and 1B). Moreover, the activity was twice as high 
in the liver of Eurasian perch as in that of Arctic charr (Figure 2A). 
The disaccharidase with the highest activity in both the Eurasian perch 
and the Arctic charr was maltase, followed by isomaltase, trehalase and 

sucrase in that order. Higher maltase activity than trehalase and sucrase 
activity has also been reported for hybrid tilapia (O. niloticus×O. 
aureus), hybrid striped bass (Morone saxatilis×M. chrysops), rainbow 
trout and Atlantic salmon [3,9,45]. In the present study, sucrase, 
maltase and isomaltase activity was higher in Eurasian perch than in 
Arctic charr. Consequently, this indicates that the capacity to digest 
carbohydrate-rich feed is higher in Eurasian perch than in Arctic charr. 

Lipase

Carnivorous fish usually consume a fat-rich diet [1], which might 
explain the much higher activity of lipase than of carbohydrases 
in Eurasian perch and Arctic charr in this study, as well as in other 
carnivorous fish species [7,12]. The highest lipase activity was found 
in the pyloric caeca and mid-intestine of the Arctic charr, and in the 
diffuse pancreatic tissue of the Eurasian perch. The lipase activity in 
the pancreas of the perch was around six times higher than in charr, 
while the lipase activity in charr pyloric caeca and mid-intestine was 
about seven and eight times higher respectively than in perch. Noaillac-
Depeyre and Gas [46] reported that lipids are absorbed in the proximal 
segment of the intestine in Eurasian perch, which is in line with 
observations in several other fish species [47]. Thus it could be expected 
that the highest lipase activity should be found in the same region of 
the GI tract in both Eurasian perch and Arctic charr. The unexpected 
discrepancy in enzyme activity in different gut segments between the 
two species might be explained by complications with sampling. In 
comparison to the Arctic charr, the Eurasian perch had more loose 
connective tissue along the GI tract, of which some was sampled as 
diffuse pancreatic tissue. Much of this loose connective tissue consists 
of visceral adipose tissue which is known to express hormone-sensitive 
lipase [48] and lipoprotein lipase activity [49]. The method used in 
thiss tudy did not distinguish between the activities of different types 
of lipases. Consequently, the exocrine pancreas in Eurasian perch 
synthesises lipase, which is secreted into the lumen, but not to the same 
extentas in Arctic charr. In the present study it cannot definitely be 
shown that the higher lipase activity in PC and MI of Arctic charr is a 
species-related effect, or whether the slightly higher dietary lipid intake 
in Arctic charr has influenced the secretion and expression of the lipase.

Trypsin and chymotrypsin

Torrissen [50] found higher trypsin activity in the second half of 
the small intestine and the first part of the large intestine than in the 
pyloric caeca and second part of the large intestine in Atlantic salmon 
and rainbow trout. This is in accordance with our results for Artic 
charr, but not for Eurasian perch, which had highest activity in the 
pyloric caeca. In Atlantic salmon, trypsin and chymotrypsin enter the 
gut through the pyloric caeca [51], but are stored in and secreted from 
the pancreas [52]. Probably trypsin and chymotrypsin are stored and 
secreted in the same manner in Arctic charr and Eurasian perch as in 
Atlantic salmon. Therefore, it is unexpected that the highest proteolytic 
activities were found in the pyloric caeca in Eurasian perch and not in 
the mid-intestine as in Arctic charr. The proteolytic activity declined 
in the distal intestine in Arctic charr, but was unchanged in Eurasian 
perch. Similar results were reported by Fish [7], who found a higher 
activity of alkaline proteases in the lower intestine than in the upper 
intestine and pyloric caeca in Eurasian perch.

Chymotrypsin activity was higher than trypsin activity in both 
Eurasian perch and Arctic charr, in agreement with findings in several 
other species: Atlantic salmon [51,52], silver carp (Hypophthalmichthys 
molitrix) and common carp [53], Limia vittata and Gambusia punctate 
[4] and Spotted sorubim (Pseudoplatystoma corruscans). In contrast, 
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Figure 4: The enzyme activities (U mg-1 sample) of A) trypsin and B) 
chymotrypsin in the pyloric caeca (PC), mid-intestine (MI) and distal intestine 
(DI) of Eurasian perch and Arctic charr (n=10 for both). Bars within tissues 
marked with different letters are significantly different (P<0.05). Results 
presented are least squares means and standarderror.
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some authors found the opposite relationship between trypsin and 
chymotrypsin activities in Eurasian perch larvae [19], Coho salmon (O. 
kisutch) [33], wels catfish (Silurus glanis) [53] and Atlantic salmon [54].

Total chymotrypsin activity was higher in Arctic charr than in 
Eurasian perch, while no difference in total trypsin activity was found 
between the two species. Previous studies have reported higher trypsin 
and chymotrypsin activities or total proteolyticactivity in carnivorous 
fish than in omnivorous, herbivorous and detritivorous fish [4,12]. 
However, in a study by Hidalgo et al., [41] no correlation was found 
between total proteolytic activity and feeding habits.

In conclusion, the high lipase and protease activity and low 
carbohydrase activity in both species can be linked to their carnivorous 
feeding habits. Total carbohydrase activity was higher in Eurasian perch 
than in Arctic charr, which had a higher total chymotrypsin activity 
and lipase activity in the mid-intestine. The data presented suggests 
that feed formulation should be different for Eurasian perch and Arctic 
charr in order to match their inherent digestive enzyme activities. This 
applies in particular to the carbohydrate content and composition of 
the feed. Based on the recorded α-amylase and carbohydrase activities, 
the carbohydrate content, in particular starch, can be higher in feed for 
Eurasian perch than in feed for Arctic charr.
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