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Abstract:  Investigations  were undertaken to establish the histochemistry  and  pH  of  the  Nile perch gut,
using standard methods. Results revealed that the oral cavity and oesophagus epithelia were lined with goblet
cells containing both neutral carboxylated mucins and acidic sialomucins. The stomach apical cells exclusively
contained neutral carboxylated mucins, while the ceace and intestinal epithelia were rich in acidic sulfated
glycoproteins and sialomucins. Investigation further revealed that the pH in the Nile perch gut is relatively
acidic and that stomach fullness has a significant correlation with the degree of acidity in the different gut
regions. These observations suggest that the nature of mucins and pH of the Nile perch gut have a great
influence on the functioning of the digestive system in relation to its diet.
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INTRODUCTION manufacturing  process  for  any   new  aquaculture

Nile perch is a freshwater species in Uganda and in ingredients.
the East African region. The fish is popular for its white The purpose of this  study  was to characterize the
flesh, omega 3 and rich amino acids [1, 2]. These attributes gut pH and to investigate the mucins and their specific
led to the aggressive harvest of this fish for the regional location in the Nile perch gut. Results from this study will
and international markets, a practice that resulted into a further explain the feeding behavior in Nile perch and
great decline of its wild populations [3]. Several strategies provide information to guide the formulation of artificial
to revamp the species have been suggested; including diets for the culture of Nile perch.
aquaculture. However, no information is available about
the  functional  physiology of the digestive  system of MATERIALS AND METHODS
Nile perch. Such information is crucial in guiding the
development of artificial diets for the intended Samples Collection: Wild Nile perch samples were
aquaculture species. collected from the Northern side of Lake Victoria in

Digestion in fish is a function of the physical- Uganda (32° 26' 15 E, 00° 2' 49 N) using beach seines.
chemical  environment  in  the  gastrointestinal  tract, The fish were starved for twenty-four hours under
which mainly depends on the mucins and pH that freshwater and a continuous oxygen supply.
determine  the suitability  of  the  environment  for Investigations  were  performed  on guts obtained from
digestive enzymes activity [4-9]. Therefore, information Nile perch measuring between 1cm and 40 cm (TL). 24 fish
about  the physiology  of  the  digestive  tract is samples were considered for  this study; they were
important because  it  provides  insights  into  the  ability divided  into  eight  size  classes  (1- 5, 6-10, 11-15, 16-20,
of a fish species to digest feedstuffs. This  study is 21-25, 26- 30, 31-35, 36-40 cm-TL), with three samples
therefore vital to the artificial diet formulation and representing each class.

species [10], since it guides the suitable dietary
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Histochemical Analysis: Tissue sections (5µm) from RESULTS
different regions  (oral cavity, oesophagus, stomach,
caeca and intestine) of the Nile perch gut were processed Histochemistry: Histochemical investigations revealed
using standard histological procedures described by [11]. the presence of neutral, acidic sialomucins and acidic

Stomach Fullness and Gut pH: The fish were anesthetized (Figures 1) and oesophagus (Figure 2) because these
with an over doze of using clove oil before dissection to stained positively with AB (pH 1.0), AB (pH 2.5) and PAS.
extract the gut. Stomach fullness was determined The stomach epithelial cells (Figure 3) showed presence
following procedures applied by [12] in addition to those of only neutral  mucins which stained positively with
by [13]. This was done by pressing the stomach from its PAS; however the mucosal cells in the stomach registered
anterior  end  (the  cardiac region) towards its posterior a weak presence of AB positive mucins. Investigations
(the blind end). Stomach fullness was rated as: empty, further indicated the presence of acidic sulformucins and
quarter,  half,  three  quarters  and  full. In this method, acidic  sialomucins  in  the goblet cells of the caeca
each stomach was awarded points in relation to its (Figure 4) and in the intestine (Figure 5) which stained
fullness from 0 to 4 as follows: 0 = Empty stomach; 1 = ¼ strongly positive with AB (pH 2.5).
full stomach; 2 = ½ full stomach; 3 = ¾ full stomach; and
4 = > ¾ full stomach. The effect of stomach fullness on Effect of Stomach Fullness on the Gut pH: The stomach
the gut pH was assessed following procedures used by in  Nile perch  was  acidic  with  pH levels ranging
[14]. Dietary and tissue adherent pH were determined by between  4.36±1.11  to  6.77±0.72;  the  gut  pH  then
making slurry of the food (chyme) and lumen tissue from tended  to  neutral towards the hind intestine (Table 1).
the stomach, pyloric caeca and intestine. Distilled water The post-hoc Tukey’s HSD tests showed no significant
was separately added to each extract at a ratio of 1:1. pH difference  (p>0.05)  in  the  pH  of  the  digesta found in
was then measured using calibrated pH meter. the  anterior  intestine  and  rectum. However, a significant

Statistical Analysis: SPSS version 20 was used to the stomach, ceca and  middle  intestine at different
analyse the data. Comparison  across the gut sections degrees of stomach fullness. All the low pH values in the
was done using Tukey`s Multiple Comparison Test set at empty  and  ¼  full  stomachs  were  generated  from fish
p<0.05. The relationship between gut pH and stomach that  had   digesta   in   their  intestines,  while  the  high
fullness amongst the samples was analysed using pH  readings  in  empty   stomachs   were   only  observed
Pearson correlation matrix set at a p<0.05. in   fish   that   did  not  have  digesta  in   their  intestines.

sulformucins in the  goblet  cells  in the oral cavity

difference was observed in the pH of the digest found in

Fig. 1: Oral cavity of Nile perch showing the mucins in the goblet cells (arrow). AB & PAS (X 400)
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Fig. 2: Sections of the oesophagus of Nile perch showing the mucins in the goblet cells (arrow). AB & PAS (X 400)

Fig. 3: Stomach of Nile perch showing the mucins in the epithelial cells (arrow). AB & PAS (X 400)

Fig. 4: Caeca of Nile perch showing the mucins in the goblet cells (arrow). AB & PAS (X 400)
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Fig. 5: Intestine Nile perch showing the mucins in the goblet cells (arrow). AB & PAS (X 400)

Table 1: pH ranges in different sections of the Nile perch gut at different degrees of stomach fullness

pH range in the different gut sections 

---------------------------------------------------------------------------------------------------------------------------------------------------

Degree of Stomach fullness Stomach Caeca Anterior intestine Middle intestine Hind intestine

0 (Empty) 6.66±0.07 6.63±0.08 6.69±0.10 6.75±0.09 6.79±0.10

1 (¼ full) 6.06±0.12 6.56±1.82 6.62±0.13 6.65±0.18 6.66±0.18

2 (½ full) 5.98±0.14 6.17±0.16 6.45±0.16 6.58±0.13 6.57±0.12

3 (¾ full) 5.84±0.16 6.23±0.13 6.55±0.11 6.81±0.09 6.89±0.10

4 (¾ full) 6.07±0.07 6.39±0.05 6.55±0.06 6.95±0.06 6.76±0.07

Comparisons of the relationship between gut pH and friction during ingestion. The mucins are therefore not
stomach fullness amongst the samples, using Pearson important for digestion, since no enzyme secreation has
correlation matrix revealed a significant correlation been reported in oral cavity and anterior section of the
between stomach fullness and stomach pH (r=0.337), ceca oesophagus in fish [20].
pH (r=0.214) and middle intestine pH (r=0.235).  However, High levels of neutral glycoconjugates (intense PAS
a very weak correlation was observed  between stomach staining) in the epithelia cells and low levels of sulfated
fullness and the pH in the anterior intestine (r=0.106) and glycoconjugates (weak  AB  1.0,  2.5 stainng) in the
that in the hind intestine (r=0.031) at P=0.05. mucosa were observed in the stomach of L.niloticus.

DISCUSSION of Umbrina cirrosa [6] and Halobatrachus didactylus

Neutral (PAS positive) and acidic sialomucins and stomach epithelum of Nile perch may be important for
sulfomucins (AB pH 2.5, AB pH 1.0 respectively) were regulating the pH in the stomach [11], making it suitable
present in the oral cavity and oesophagus of L. niloticus. for specific enzyme activity and for forming a visco-elastic
Similar mucins were described in the same region in barrier that provides physical protection  to the
Trichomycterus brasiliensis [11] Solea senegalensis [15] underlying mucosa against hdyrochloric acid and
Diplodus sargus [16], Esox lucius, Silurus glanis [7] proteolytic enzymes produced in the gastric glands [22].
Thunnus thynnus [8] and in Cynoscion guatucupa [17]. These neutral mucins could also be important in the
These mucins are probably important for lubrication [18] absorption of  easily digestible substances such as
and protection [19], since Nile perch is a swallower whose double sugars and fatty acids [15]; while the sulfated
buccal cavity requires maximum protection and minmum glycoconjugates   observed  in  the   mucosa,   could  form

Similar observations have  been reported in the stomach

[20]. The neutral glucoconjugates produced by the
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Table 2: pH ranges in the guts of different organisms

Organism Main food (s) in the diet pH Reference

Tilapia guineensis Leafy material and Blue green algae 2.0 (stomach) [29]
Grey mullets Liza falcipinnis Algae 3.3-8.5 (gut) [30]
Red sea surgeonfish Acanthurus nigrofuscus Algae 2.5-7.5 (gut) [31]
Rainbow trout Oncorhynchus mykiss Fish 2.6-8.65 (gut) [32]
Rat Rattus norvegicus Seeds 1.3-7.95 (gut) [32]
Burmese python Python molurus Mammals and small birds 1.5-7 (gut) [33]
Bearded vulture Gypaetus barbatus Bones 0.8-1.0 ( stomach) [34]

complexes with proteinases as a way of buffering and among other functions [31, 35] and which occur in reptiles
stablizing them [23]. The presence of diverse [36] and in birds [37]. This low acidity could partly explain
glycocogugates in the Nile perch stomach therefore the efficiency with which L. niloticus completely digests
facilitates chemical digestion. the whole fish it swallows without mastication, including

Intense staining of AB pH 2.5, 1.0 and very weak PAS the scales and bones, as observed in other predators [38].
staining were observed in the caeca and intestinal The need for the gastric acid in the breakdown of prey
epithelal regions of Nile perch, indicating high levels of could also be explained by the significant correlation
acidic   sialo-and   sulfated  glycoconjugates, together observed between the stomach fullness and the digesta
with  very  low  levels  of  neutral  glycoconjugates. pH in the stomach. This suggests that as soon as food is
Similar observations have been reported in the intestine detected in the stomach, the environment is instantly
of Oncorhynchus mykiss [18], Orthrias angorae [24], stimulated to a low pH [14, 39]. This observation is close
Tilapia spilurus and Mylio cuvieri [25]. These to that observed in the salmonids, where the amount of
mucosubstances have been found to provide cofactors pepsin and acid in the gut was seen to be proportional to
required for enzymatic breakdown of food in teleost fishes the degree of distension of the stomach [40].
[26]. Sialomucins  and sulfomucins have been reported to The pH ranges observed in the Nile perch gut in this
increase gut resistance against bacterial degradation [27]; study are close to those  observed in the rainbow trout
acidic mucins have been found to protect the intestinal gut and in  some algae-eating tilapines, but are higher
epithelium against the degrative action of glycosidases than those observed in the bone-eating vultures and rats
[28] mainly found in the intestine. The presence of these (Table 2).
different types of glycoconjugates in the intestinal region
of Nile perch suggests that this region provides a suitable CONCLUSION
environment that facilates effictive chemical digestion at
the appropraite pH. The study shows variation in mucosubstances

Investigations  from  this study revealed  that the Nile across the Nile perch gut, indicating the functional roles
perch stomach is generally acidic, with the gut pH tending played by the different segments as regards the digestive
to neutral towards the hind intestine (Table 1). The function. It also reveals  the  acidic nature of the Nile
present results suggest that acid secretion in the Nile perch stomach and intestinal contents, suggesting its
perch gut probably intensifies as the digestion process specialization in digesting protein rich food items.
continues (Table 1), in order to create an effectively acidic
environment to enhance the performance of the protelytic ACKNOWLEDGEMENTS
enzymes and to breakdown the prey scales and bones.
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