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Abstract
Standard qualitative and quantitative methods were employed to determine the presence and
activity of digestive carbohydrases in different regions of the alimentary canal and associated
organs of the African snakehead, Parachanna africans. Qualitatively, amylase, maltase,
sucrase, and lactase were present in the stomach, pyloric ceca, anterior and posterior intestine,
liver and spleen. No carbohydrases were found in the esophagus whereas cellulase was com-
pletely absent throughout the canal and organs. Quantitatively, a relatively large amount of lac-
tase and maltase was found throughout the canal and organs (except the esophagus) while
sucrase was active in varying degrees in all the canal regions and associated organs (except the
esophagus). 

Introduction
Reports on several marine and freshwater
fishes have shown that relative activities of
digestive enzymes correlate with the nature
and composition of the food consumed (Al-
Hussaini, 1949; Fish, 1960; Cockson and
Bourne, 1972; Jonas et al., 1983; Olatunde et
al., 1991) and that there are seasonal varia-
tions in digestive enzyme activity (Ananichev,
1959; Gelman et al., 1984). Sucrase, maltase,

lactase and amylase are among the carbohy-
drate-digesting enzymes in various species of
fish (Phillip, 1969). Olatunde and Ogunbiyi
(1977), working on freshwater species from
Lake Kainji, Nigeria, reported the presence of
amylase activity in the tropical catfish
Entropicus niloticus and Schilbe mystus but
were unable to detect any cellulase, lactase,
sucrase or maltase activity in these species.
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Akintunde (1984) recorded enzymes capable
of digesting carbohydrates, proteins and lipids
in different sections of the gut of Sarotherodon
galilaeus and that the enzymatic activity cor-
related with the diet of the fish. Other works
include those on Clarias lazera (Olatunde et
al., 1988), Sarotherodon melanotheron
(Ugwumba, 1989), Heterotis niloticus
(Ugwumba, 1993) and other freshwater fish
(Ugwumba et al., 1998), which reported the
presence of amylase and maltase and the
absence of sucrase, lactase and cellulase. In
contrast, Sarbahi (1951) reported sucrase and
maltase activity in the goldfish, Carassius
auratus.

This work continues earlier investigations
of digestive enzymes in commercial tropical
freshwater fishes such as Clarias anguillaris
(Kori-Siakpere, 1999) and Clarias buthupogon
(Kori-Siakpere, 2000). This paper focuses on
carbohydrases in the alimentary canal and
associated organs of the African snakehead,
Channa africans. Snakeheads are very com-
mon in the swamps of the Niger Delta,
Nigeria, and are cherished by consumers
(Alfred-Ockiya, 1998). Fish farmers are begin-
ning to include them in polyculture systems as
'police fish' to control the over-population of
tilapia (Wee, 1982). Fagbenro (1989) used
Channa obscura for the control and produc-
tion of Tilapia guineensis in a freshwater
semi-intensive culture system. The implication
is that the demand for snakehead will
increase, and the need for its management is
obvious. Hopefully, the obtained results will
contribute to the understanding of carbohy-
drate digestion and aspects of nutritional
physiology in Parachanna africans.

Materials and Methods
Fish. Live specimens of the African snake-
head, P. africans, were obtained from a local
fish market, transported to the laboratory in
their natural water and kept in plastic basins.
The fish ranged 14-28.5 cm (average 17.75
cm) and 88.5-105.9 g (average 94.5 g). They
were maintained in the laboratory for a mini-
mum of 48 hours during which they were not
fed, to clear the alimentary canal of extrane-
ous materials and bring them to approximate-

ly similar physiological conditions for the
enzyme assays. Fish of both sexes were used
without discrimination and all were considered
normal on the basis of their healthy-looking
appearance and absence of obvious signs of
disease. 

Preparation of the enzyme extract. After
preliminary examination of length and weight,
the fish were sacrificed. The entire alimentary
canal and associated organs were promptly
dissected out and placed on ice. The alimen-
tary canal was cut into portions: the esopha-
gus, stomach, pyloric ceca, anterior intestine
and posterior intestine. The liver and spleen
were similarly dissected out. All samples were
flushed with normal saline (0.85% NaCl),
weighed and then homogenized with ten parts
of iced distilled water to produce a 1:10
homogenate which was refrigerated overnight
to ensure complete extraction of the enzymes.
The homogenate was then centrifuged for 15
min at 4800 rpm. The supernatant was
strained through glass wool to remove the
lipids; the clear supernatant was used as the
source of enzyme activity without further
purification and kept refrigerated at -4°C. Bile
was used directly after 1:10 dilution as the
source of enzyme activity.

Assay for carbohydrases. Amylase, mal-
tase, lactase, sucrase and cellulase were
assayed. Various carbohydrates were used
as substrates to assay the carbohydrases. A
freshly prepared solution of 1% starch in 0.1
M sodium acetate buffer at pH 5.0 was used
for amylase, a 1% sucrose solution in 0.1 M
acetate buffer at pH 5.0 was used for sucrase,
a 1% lactose solution in 0.2 M phosphate
buffer at pH 7.0 was used for lactase, a 1%
maltose solution in 0.2 M phosphate buffer at
pH 7.0 was used for maltase and a 1% solu-
tion of carboxymethyl cellulose in 0.1 M
acetate buffer at pH 5.0 was used for cellulase

One ml of the crude enzyme extract was
added to 1 ml of the appropriate buffered sub-
strate and incubated in a water bath at 35°C
for 24 hours. After equilibration, the reaction
was started by adding 2.0 ml of the crude
enzyme extract. Simultaneous controls con-
tained denatured (boiled) enzyme extract or
distilled water and the substrate instead of the
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enzyme extract. After incubation, digestion
was stopped by placing the test mixture in
boiling water for 1 min. Qualitative determina-
tion of carbohydrases was carried out by heat-
ing samples with 5 ml of Benedict’s qualitative
reagent for 15 min. The solution was cooled
and color changes were observed. A positive
result was indicated by a brick-red color or for-
mation of a colored precipitate. Quantitatively,
the presence of free-reducing sugars in the
enzyme extract was determined using the col-
orimetric estimation of reducing sugar by the
dinitrosalicylate (DNS) method of Plummer
(1978). The presence of free-reducing sugars
was determined and the amounts of DNS
reduced in the presence of the substrates and
extracts were compared. One unit of carbohy-
drase activity was defined as the amount of
enzyme that caused an increase in
absorbance at 540 nm of 0.001 nm per min on
a spectrophotometer. Enzyme activity values
are averages of five enzyme preparations for
each region of the alimentary canal or associ-
ated organ. 

Results
Qualitative distribution of carbohydrase activi-
ty. The hydrolytic activities determined by
Benedict's qualitative test are shown in Table
1. No carbohydrase activity was recorded in
the esophagus. Amylase activity was weak

throughout the alimentary canal and associat-
ed organs. Maltase activity was strong only in
the posterior intestine and liver. Lactase activ-
ity was weak in the stomach, but strong in the
rest of the canal sections and organs.
Sucrase activity ranged from very weak in the
stomach and pyloric ceca to fairly strong in the
anterior intestine, posterior intestine and
spleen. Cellulase activity was completely
absent in all regions of the alimentary canal
and associated organs.

Quantitative distribution of carbohydrase
activity. The quantitative carbohydrase activi-
ty is presented in Table 2. Relative activity for
the canal sections and organs and for the car-
bohydrases is presented in Figs. 1 and 2,
respectively. Fig. 1 shows the relative amount
of each carbohydrase in each section or
organ compared to the total of that carbohy-
drase in the system. Fig. 2 shows the relative
amount of each carbohydrase in each section
or organ compared to the total carbohydrases
in that section or organs.

Discussion
Results indicate that carbohydrase activity in
P. africans varies between regions of the ali-
mentary canal and associated organs, with no
activity in the esophagus. This can be expect-
ed because, in most animals, the esophagus
does not perform the function of digestion, it
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Carbohydrase Esophagus Stomach Pyloric Anterior Posterior Liver Spleen
ceca intestine intestine

Amylase - + ± ± ± ± ±

Maltase - ± + + ++ ++ +

Lactase - + ++ ++ ++ ++ +++

Sucrase - ± ± ++ ++ + ++

Cellulase - - - - - - -

- no activity, ± very weak activity, + weak activity, ++ fairly strong activity, +++ strong activity

Table 1. Qualitative distribution of carbohydrase activity in the alimentary canal and associ-
ated organs of Parachanna africans.
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being just a passageway between the buccal
cavity and the stomach. The fact that food is
not stored or kept there means that the pres-
ence of enzymes in this region is unneces-
sary.

The distribution of carbohydrases along
the gut of this fish corresponds with that of
other animals including fishes. Amylase activ-

ity was found in the stomach, indicating that
starch digestion begins in the stomach and
continues downward in the other parts of the
alimentary canal. Similar results were report-
ed by Fange and Grove (1979) and Fraisse et
al (1981), who showed that digestion of starch
begins in the stomach and that there is a
decreasing gradient towards the posterior

Digestive enzymes in the African snakehead

Table 2. Quantitative distribution of carbohydrase activity* in the alimentary canal and asso-
ciated organs of Parachanna africans.

Carbohydrase Esophagus Stomach Pyloric Anterior Posterior Liver Spleen
ceca intestine intestine

Amylase - 0.25 0.15 0.16 0.18 0.17 0.08

Maltase - 0.13 0.43 0.46 0.50 0.53 0.34

Lactase - 0.22 0.45 0.55 0.57 0.45 0.78

Sucrase - 0.09 0.12 0.53 0.48 0.37 0.50

Cellulase - - - - - - -

* = ∆ nm/min, measured by spectrophotometer

Fig. 1. Percent of the total respective carbohydrase found in each section of the alimentary canal and
associated organ in Parachanna africans.
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parts of the intestine. This trend is referred to
as the descending proximo-distal gradient
(Kuz’mina, 1985).

Maltase activity was detected throughout
the alimentary canal, with the posterior intes-
tine and liver having the highest activity.
Maltase activity in these sites indicates that
the snakehead must cope with a high level of
dietary carbohydrates and ensures that
dietary starch and maltose are efficiently and
completely hydrolyzed to glucose. Maltase
activity has been reported in Carassius aura-
tus (Sarbahi, 1951), Cyprinus carpio, Pagrus
major and Plecoglossus altivelis (Kawai and
Ikeda, 1971), Chanos chanos (Chiu and
Benitez, 1981), Sarotherodon melanotheron
(Ugwumba, 1989), Heterotis niloticus
(Ugwumba, 1993) and other freshwater fish
species (Ugwumba et al., 1998).

Lactase recorded the highest activity
among all the carbohydrases studied, with the
highest value in the spleen. Lactase activity
was low in the liver, pyloric ceca and
intestines and lowest in the stomach. The

presence of lactase is an important revelation
since teleost do not normally consume milk,
which is the main substrate for lactase. Lagler
et al. (1977) reported the presence of lactase
in the pyloric ceca of the trout while Olatunde
et al. (1988) reported the presence of lactase
in the intestine of Clarias lazera. Similarly, the
presence of lactase in the alimentary canals
of Clarias anguillaris (Kori-Siakpere, 1999)
and Clarias buthupogon (Kori-Siakpere, 2000)
was reported. Olatunde et al. (1991) attributed
the presence of lactase in the gut of fish to the
possibility that there are materials in algae,
diatoms and desmids, normally eaten by fish,
that have a structure similar to lactose 

Sucrase activity was strong in the anterior
and posterior intestine and the spleen.
Sucrase activity was not detected in earlier
works such as Olatunde and Ogunbiyi (1977),
Akintunde (1984), Ugwumba (1989, 1993),
Ugwumba et al (1998) and Kori-Siakpere
(1999, 2000). According to Olatunde and
Ogunbiyi (1977), sucrase is one of the
enzymes not normally found in teleosts, prob-

26 Kori-Siakpere

Fig. 2. Percent of each enzyme in alimentary canal sections and associated organs in Parachanna
africans. 
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ably due to the absence of the substrate for
the enzyme in the usual fish diet. However,
Chiu and Benitez (1981) reported sucrase
activity in the milkfish Chanos chanos.

The only carbohydrase not recorded in
this study was cellulase. No trace of cellulase
was found in the alimentary canal and associ-
ated organs of the experimental fish. This is in
agreement with the observations of most
researchers working on indigenous cellulase
of fish. No cellulase activity was detected in
Tilapia mossambica (Fish, 1960), Salmo
gairdneri (Kitamikado and Tachino, 1960),
Sarotherodon melanotheron (Ugwumba,
1989), Heterotis niloticus (Ugwumba, 1993)
and other freshwater fish species (Ugwumba
et al., 1998). Yokoe and Yasumasu (1964)
and Stickney and Shumway (1974) indicated
that fishes as well as other chordates do not
produce enzymes that hydrolyze cellulose
and other polysaccharides of high molecular
weight. Instead, the cellulose in the intestinal
tract of chordates is decomposed by micro-
organisms and other invertebrates capable of
digesting cellulose in the gut of fish. It has also
been suggested that the evolutionary devel-
opment of vertebrates is accompanied by a
reduction or loss of cellulase activity (Yokoe
and Yasumasu, 1964).

The presence and activity of these carbo-
hydrases in the alimentary canal and associ-
ated organs of P. africans shows that the fish
is well adapted to and capable of digesting the
plant component of its diet. The amount of
activity also shows the proportion of carbohy-
drates included in its diet. Based on the distri-
bution of the various carbohydrases, it could
be said that its food contains a high proportion
of lactose, followed by maltose, sucrose and
amylose, in descending order. On the whole,
the generally low activity of carbohydrases in
this fish indicates its carnivorous mode of
nutrition, feeding almost exclusively on fishes
and frogs. 
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