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ABSTRACT

In the present study the intestinal sac method (ex vivo) was used to evaluate the interactions between different fatsin
the diets in the gastrointestinal (Gl) tract of Asian catfish, Clarias batrachus. The catfish was fed with six diets
(FISOL, F1; BETAL, F2; SOYAL, F3; LINOL, F4; MIXOL, F5; SATOL, F6) and a control (NATFO, F7) with
natural food. FISOL BETAL, SOYAL, LINOL and SATOL diets contains 10.0% fish oil, beef tallow, soybean ail,
linseed oil and saturated oil in F1, F2, F3, F4 and F6 diets, respectively. The MIXOL, F5, contains 2.5% each of
fish ail, beef tallow, soybean oil, linseed ail. Histological changes following dietary interventions were assessed by
microscope. Control samples and samples fed with different fat had a similar appearance to intact intestinal
mucosal epithelium, with no signs of cellular damage. However, C. batrachus fed with fish oil showing increased
number of villi. Fishes fed with beef tallow showing more space at the base of villi and longitudinal muscles are
seen degenerated fishes fed with soybean oil depicting more spaces at the base of the villi and more goblet cells are
seen. Linseed oil fed fishes showing appearance of enlarged spaces between circular muscles and base of villi.
Intestine of C. batrachus fed with mixed oil showing elongated lumen in villi and enlarged circular muscles are
normally seen and less prominent. Intestine of C. batrachus fed with saturated oil showing € ongated lumen in villi
and increased in numbers of villi and circular muscles |ess seen, longitudinal muscles are seen normally and serosa
layer is reduced showing some detachment of base of villi observed with more spaces and vacuolation. The results
suggests that supplementation of different fats has direct relation with the histological alterations in the fish
intestinal tissues.
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INTRODUCTION

Good Nutrition in fish production system is essantd economically produce healthy, high qualighfiproducts.
Riche and Garling [1] demonstrated that fish redanethtensive tank systems requires all nutrientsicomplete
pelleted diet since natural food is limited andhftmnnot forage freely for natural foods. The stiaiythe alteration
in fish intestine has been elucidated to see th@gbs, if any, in the tissue on feeding the fighaftonger time on
alternative feeds. Due to the constantly increasiogld production of fish and other aquatic orgamss it is
necessary to replace fishmeal in diets with legsersive raw materials of plant origin. Due to thighbr fiber
content, increased quantity of CHO-, non-nutritiofectors, and imbalance content of amino acids bawe
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deleterious effects on the digestive tract of féstd, therefore, on health and production of cuttufish. The
intestines are the most important organ for thestign and absorption of nutrients from feed. Tfoges examining
histological changes of fish intestine is the mdtbb correct choice in determining the effects ofrient and their
mixtures that use materials of plant or animal sesir

Histopathological analysis of the digestive systsnseems to be a good parameter for the assesshéhe
nutritional status of fish [2, 3, 4]. The intestilsethe most important organs in digestion and giigm of nutrients
from ingested food, and, therefore, examining eksthorgans is considered to be much necessary. [Bismeal
and fish oil as raw material are the preferred ohdn aquaculture system due to better qualitygimowith nearly
balanced amino acid profile [7, 8]. The aim of #tgiaculture feed production is the partial andédrréplacement
of fishmeal and fish oil with less expensive sous€@rotein and fat, generally of plant source. The content of
fibres, CHO- and indigestible non-nutrients, higipeotein level, better amino acid profile, high egtbility,
palatability and digestibility are better charaistes of plant source ingredients in aquafeed(p,Hardy [11]
argues that the industry will soon run out of reedi quantities of fish oil and fishmeal. Even if #iese
characteristics are existing in plant, it does imbers that it can be routinely used as to replésemeal with
balanced amino acids. Recent researches are gpmiirthe scope of almost 100 % replacement of Ri¥ifesh oil
in diets for carnivorous fish species like Atlanfialmon and Atlantic cod with proteins of plantgami without
deleterious effects on growth performances [12,88ly based by-products exhibiting a major plantra®wf
protein and fat in diets for monogastric animats] anany have demonstrated better potential agriisél and fish
oil replacements in diets for many fish species-204 Soybean is low in methionine [21,22] and néedoe
supplemented in fish diet. Air- breeding Asian ichtf Clarias batrachus (Family: Clariidae), locally known as
Magur, is a threatened fish of higher demand aavstthe attention of fish farmers for its upcomingrket value.
Since knowledge of the cellular structure of thiegtine is essential to the understanding of phygical and also
abnormal conditions, this research was undertatethescribe the intestinal histology Gfarias batrachus. This
experiment was carried to study the synergistiect$f of dietary fats on the histological alterationhe intestine of
Clarias batrachus.

MATERIALSAND METHODS

Experimental diets

Six semi-purified experimental diets were formuthigith iso-energetic (19.55 kJ/g, F1-F6) diets. gtieid dry
ingredients and some water were poured into a nairdrthe resulting dough processed in a handtizeltdo make
2 mm diameter pellets. Compounded feed pellets wdesl in an oven at 60°C, packed separately amdtat -
20°C until used during the feeding trial. The digta@eatments were designated as FISOL (Fish BE)TAL (Beef
tallow), SOYAL (Soybean oil), LINOL (Linseed oilMIXOL and SATOL (Vegetable oil) containing lipid sce
@ 10% lipid source in all the five feeds excepMitXOL (containing FISOL, BETAL, SOYAL, LINOL in theatio
of 1: 1: 1: 1 w/w) and results are compared wittured food (NATFO). Table 1 gives the summary ajriedients
used in the formulation of experimental.

Fish rearing and feeding trials

Clarias batrachus grow-outs ( Av. initial weight 55.83 8.14 g) were hatchery bred at National Bureau ish F
Genetic Resources (NBFGR), Lucknow and shiftedht® wet laboratory. Fishes were acclimated to laboya
conditions in a 1500 L capacity Fibre Reinforcedstit (FRP) tank, feeding on crumbled pelleted feadaining a
minimum of 500 g per kg crude protein for one weelrther, fishes were accustomed to aerated, 368pacity
plastic pools with two - thirds filled with watend covered with plastic covers. Four hundred twéRigplicate 3 X
Feed 7 X Fish 20) grow-out were randomly sampledi distributed into 21 plastic pools containing ab200 L of
water. During the experiment, the fishes were fedd a day at 10:00 and 17:00 hoaddibitum.

Histological studies

After twelve weeks at the end of experiment of fegdrials (Table -1) the animals were sacrificétie distal
intestine from (NATFO) and experimental fishes feith various fats were excised and fixed in 4 ¥%nfaldehyde
and processed by standard histological techniqueg&ept in aqueous Bouin’s fluid for 24-h and ke for 8-hr in
running tap water. The organs were routinely preedgdehydrated in ethanol series, embedded iffipaiserially
sectioned sectioned at 6u). Sections of the imestiere stained with Haematoxylin and Eosin (HE)mdson,
[23]. Histological slides were observed under nscape (Labomed, Model : Digi 2).
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Table: 11ngredients composition (w/w) of feedsfor Clarias batrachus

Feed F-1 F-2 F-3 F-4 F-5 F-6 F-7
Ingredients FISOL BETAL SOYOL LINOL MIXOL SATOL NATFO
Soybean meal 35.0 35.0 35.0 35.0 35.0 35. -
Starch Soluble 29.0 29.0 29.0 29.0 29.0 29.0 -
Caseil 195 19.5 19.f 195 195 195 -
Carboxy Methyl Cellulose 2.0 2.0 2.0 2.0 2.0 2.0 -
Papain 0.5 0.5 0.5 0.5 0.5 0.5 -
Vitamin & Mineral Mix. 4.0 4.0 4.0 4.0 4.0 4.0 -
Fish Oil 10.0 - - - 25 - -
Tallow - 10.0 - - 25 - -
Soybean O - - 10.C - 2.t -
Linseed O - - - 10.C 2.t - -
Saturated Oll - - - - - 10.0 -
Live Fish/ Natural Food - - - - - - 100.0
FISOL = Fish Oil; BETAL = Beef Tallow; SOYOL = Soybean Qil; LINOL = Linseed Qil; MIXOL = Mixed Oil ( Fish Oil :

Tallow : Soybean Oil : Linseed Oil :: 1:1:1:1w/w); SATOL = Saturated Oil; NATFO = Natural Food

RESULTS

Intestine ofC. batrachusfed with Natural feed (NATFO, F7) showingormal architecture of intestine with
circular muscles, longitudinal muscles, serosawltiqFig.-1). Intestine ofC. batrachus fed with fish oil (FISOL) (
F1) showing normal appearance of circular musdtewitudinal muscles, serosa and villi. Numbervitli also
increased (Fig. — 2) Intestine 6f batrachus fed with beef tallow (BETAL) ( F2) showing normappearance of
circular muscles, serosa and villi. There are nspace at the base of villi and longitudinal musdes seen
degenerated (Fig. — 3) Intestine ©f batrachus fed with soybean oil in the diet (SOYOL)(F3) depig normal
appearance of circular muscles, longitudinal mssderosa and villi. More spaces at the base ofitlh@and more
goblet cells are seen( Fig. — 4).

Intestine of C.batrachus fed with linseed oil (LINOL) ( F4) showing appeaca of enlarged spaces between
circular muscles and base of villi. Normal circutauscles, longitudinal muscles and serosa are @&gn— 5).
Intestine ofC. batrachus fed with mixed oil (MIXOL) ( F5) showing elongatédmen in villi. Circular muscles are
enlarged, longitudinal muscles and serosa are rflyrseen and less prominent (Fig.- 6).

Intestine of Chatrachus fed with saturated oil (SATOL) ( F6). Showing eyated lumen in villi and increased in
numbers of villi. Circular muscles less seen, ltigjnal muscles are seen normally and serosa layerduced
showing some detachment of base of villi obserw#ti more spaces and vacuolation (Fig. — 7). Tharias
batrachus fed F7 with natural feed ieArtemia nauplii and minced chicken alimentary canal meat showorgnal
architecture of intestine with circular muscles)ditudinal muscles, serosa and villi (Photo-1)sires of fishes fed
with F2-F6 were compared with the control (F7).

(35
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Fig.-1 Control Intestine of C. batrachusfed Fig.-2 Intestine of C. batrachusfed with
with natural food (F7) FISOL (F-1)
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Fig.-3 Intestine of C. batrachusfed with Fig.-4 Integtine of C. batrachusfed with
BETAL (F-2) SOYOL (F-3)

Fig.— 1 Intestine o€. batrachus fed with Natural feed (NATFO, F7) showing normathitecture of intestine with circular musclesyddudinal
muscles, serosa and villi. H/E X 125.

Fig.- 2 Intestine o€. batrachus fed with fish oil (FISOL) ( F1) showing normal sggrance of circular muscles, longitudinal musddespsa and
villi. Number of villi also increased. H/E X 125.

Fig.-3 Intestine ofC. batrachus fed with beef tallow (BETAL) ( F2) showing normappearance of circular muscles, serosa and Viilker& are
more space at the base of villi and longitudinatafes are seen degenerated. H/E X 125.

Fig.— 4 Intestine ofS. batrachus fed with soybean oil in the diet (SOYOL)(F3) dejig normal appearance of circular muscles, lomtjital
muscles, serosa and villi. More spaces at the dfathe villi and more goblet cells are seen. H/E25.

Fig.-5 Intestine of C. batrachusfed Fig.-6 Intestine of C. batrachusfed with
with LINOL (F4) MIXOL (F-5)

Fig.-7 Intestine of C. batrachusfed with
SATOL (F-6)
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Fig.-5 Intestine ofC. batrachus fed with linseed oil (LINOL) (F4) showing appeacanof enlarged spaces between circular muscle dase of
villi. Normal circular muscles, longitudinal mussland serosa are seen. H/E X 125.

Fig.-6 Intestine ofC. batrachus fed with mixed oil (MIXOL) (F5) showing elongatddmen in villi. Circular muscles are enlarged, lindinal
muscles and serosa are normally seen and lessr@omiH/E X 125.

Fig.-7 Intestine ofS. batrachus fed with saturated oil (SATOL) (F6). Showing elated lumen in villi and increased in numbers df.\@ircular
muscles less seen, longitudinal muscles are semmatip and serosa layer is reduced showing somechetent of base of villi observed with
more spaces and vacuolation. H/E X 125.

DISCUSSION

Histology of the intestine was investigated on aligtmanipulations with various fats. The histol@giarchitecture
of the digestive tract is: mucosa, which consigtthe lamina epithelialis and lamina propria (cocthe tissue);
sub-mucosae, consisting of two layers; musculagrland serosa [24]. This histopathological strectwas not
changed even in the experiments in which fish viedefood containing metals [25,26]. Histopatholagichanges
in the intestine may differ from species to specaiad feed ingredients used in the experimentafitrere is no
much reported information on the negative effedtslietary fat on the histological alterations ofdstine. The
adjustment of the fish gastrointestinal tract titeai situation on availability of different foodr@ well documented
like cod with the high feed intake had comparagivieigher weight of different sections of the inteat tract in
comparison to cod with the less feed intake [2He Tindings of Gomez-Requeni et al. [28], whereghieiwas
depressed up to 30% in the group that had 100%agepient of FM with plant lipid and proteins was Iwel
demonstrated. Hanseab al. [13] found a low trend decline in feed intake twitomplete replacement of meal and
fish oil with plant ingredients in the diet for coBeduced intake may be a consequence of replatexh&M by
lipid and proteins of plant origin[7]. The resuttsChowdhary et al. [29] indicates that animaldigind protein rich
feeds with glucosamine were more acceptable thamt jgrigin feeds for Asian catfisff]arias batrachus. Uran et
al. [30] reported that carp show significant deniat®n of enteritis when fed high levels of saltbrough diet.

In the present study, histopathological changdhkerintestine oClarias batrachus have been observed on feeding
different oils, proliferation of villi, and serosaucosa and sub-mucosa as well as space in Vile intestinal wall

of Clarias batrachus comprised of four distinct layers, viz. mucosabraucosa, muscularis and serosa. The
mucosal layer being thrown into finger like vilikhich is made up of simple, long columnar cells andherous
goblet cells (mucous cells) with centrally placedaclei. Sub-mucosa is thin and projected into macdslds
constituting the lamina propria. This layer is gmwsed of loose connective tissue with numerousgeh fibres
and blood cells. Muscularis consists of innerkhtircular, and outer, thin, longitudinal museukyers. Serosa is
formed of peritorial layer and blood capillaries.

Intestine ofC. batrachus fed with Natural feed (NATFO, F7) showingormal architecture of intestine. Fishes
fed with fish oil (FISOL) ( F1) showing normal aggrance of circular muscles, longitudinal muscéespsa and
villi. Number of villi also increased. And fishésd with beef tallow (BETAL) ( F2) showing normegbpearance of
circular muscles, serosa and villi. There are nspace at the base of villi and longitudinal musdes seen
degenerated. Intestine ©f batrachus fed with soybean oil in the diet (SOYAL)(F3) depict normal appearance of
circular muscles, longitudinal muscles, serosavltidMore spaces at the base of the villi and engoblet cells are
seen. More spaces at the base of the villi and moléet cells are also seen after feeding withelasoil (LINOL) (
F4) showing appearance of enlarged spaces betwermac muscles and base of villi. Normal circutauscles,
longitudinal muscles and serosa are seen. Fislwiftadmixed oil (MIXOL) (F5) showing elongated lumém villi.
Circular muscles are enlarged, longitudinal musales$ serosa are normally seen and less promimeastine ofC.
batrachus fed with saturated oil (SATOL) ( F6) showing elated lumen in villi and increased in numbers ofi.vil
Circular muscles less seen, longitudinal muscles ssen normally and serosa layer is reduced shosonge
detachment of base of villi observed with morecggaand vacuolation. However, showing some detachofe
base of villi observed with more spaces. Similadiing have been reported by few authors [31-33keDations
made by earlier workers relating to histopatholagithanges in intestine in response to variousifat lipid and
protein are being enumerated here. The histologibahges in intestine can also reduce growth pagoce on
feeding plant lipid and proteins [34-37]. The plgnbtein fed fishes showed an alteration in theegtihal
architecture in this threatened fish[38]. Thesehars[38] suggests that supplementation of glucasarhas no
direct relation with the histological alterations the fish intestinal tissues. The growth perforogin the same
experiment was demonstrated by Yadav et al.[39¢dimclusion, the histological changes observedénittestine
of C. batrachus indicate that the fish were responding to thedieffects of the dietary lipids/ fat. Hence safety
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measures must be taken into account when fat ighesed in fish through dietary manipulations. ©heervations,
in the present study, suggest that manipulatioh different fat sources in the feed has directti@tawith cellular
level modifications in the intestine &f batrachus.
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