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Nile tilapia Introduction: Nile tilapia, Oreochromis niloticus is one of the commercially
P important fish species in many parts of the world. Red algae constitute a
Red algae widely-used composition of the diet. The purpose of the present study was to

Histomorphology

Enzymes

replace the red algae on the diet with enzymes and its impact on Nile tilapia
gastrointestinal tract.

Materials and methods: A total of 120 pieces of tilapia with an average
weight of 30 £ 1 g after acclimation for 6 weeks in 100-L aquariums were
divided in 4 groups and three replicates (10 fish in each tank) and then fed
with basic diet (BioMar Company, France) containing zero, 3%, 6%, and 9%
red algae (C, Tz, Tew and Toe). At the end of the rearing period, the fish was
anesthetized by clove powder and after dissecting the abdomen, a 0.5-cm
tissue samples were removed from the middle of the esophagus, as well as
the anterior, middle, and posterior parts of the intestine, then placed in 10%
neutral buffered formalin as a fixative solution. After going through the
routine steps of tissue preparation, including dehydration with alcohol,
clarification with xylol, blocking with paraffin, cutting with a thickness of 4-
6 microns with a microtome, and hematoxylin-eosin staining, finally, the
evaluation was done with a light microscope.

Results: Histological examination in the mid-esophagus, anterior, middle,
and posterior parts of the intestine showed that the highest number of mucous
cells, the highest thickness of the epithelium and muscle layer, as well as the
highest height and thickness of the esophageal villi were observed in the
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group receiving the diet containing 9% red algae. Also, protease, amylase and
lipase enzymes in the treatments had a higher level than in the control group,
with the exception that the amount of protease was higher than amylase and
lipase.

Conclusion: According to the results of the present study, it can be
concluded that using red algae in the diet of Nile tilapia exhibited no side
effects at the aforementioned levels, even improved tissue metric parameters.

*Corresponding author: abdir@kmsu.ac.ir
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Figure 1. Light micrograph of the middle part of the esophagus in the control (A) and the treatment
containing 9% red algae powder (B; H&E, 40X). Mucous layer (M), Submucosal layer (Sm),
Mucosal folds (F), Epithelial cells (Ec), Mucosal cells (Mc), Serosa (S), and Muscular layer (m).
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Table 1 Mean =+ SEM of tissue indices measured in the esophagus of Nile tilapia following the
replacement of red algae powder in the diet in different treatments for 8 weeks. Different letters in

each row indicate a significant difference in the level (p < 0.05).

Indices Control Ts% Teo Tow
Mucous cells (100 pm?) 25.2 +13.81° 4417 £ 28.22 36.2 + 22.65° 41.3+11.61°
Epithelium thickness (um) 51.24 + 22.1° 25.2+11.51° 81.76 + 27.1° 33.2+31.61°
Muscle layer thickness (pum) 136.23 £22.77° 14022 + 11.74* 142.32 + 44.52% 158.45 + 15.61°
Villi height (um) 135.30 £ 13.13* 137.33 £ 13.56* 140.44 + 15.15* 151.47 +12.38°
Villi thickness (um) 45.3 £ 35.66% 49.3 £ 32.19% 54.4 + 25.25° 66.4 +52.12°
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Figure 2. Light micrograph of control group, the anterior part of the intestine (A) as well as the
posterior part of the intestine in treatment containing 9% red algae powder (To%; B; H&E, 40X).
Mucous layer (M), Lamina propria (Lp), Submucosa layer (Sm), Muscularis mucosae (Mm),
Muscular layer (M), Serosa (S), Mucous glands (Mg).
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Table 2 Mean = SEM of the tissue indices measured in the intestine of Nile tilapia following the
replacement of red algae powder in the diet in different treatments for 8 weeks. Different letters in
each row indicate a significant difference at the level of p < 0.05).

Indices Control T1 T2 T3
Anterior of the intestine

Mucous cells (100 pm?) 21.36 £ 2.192 25.33+2.13? 29.29+2.332 38.12 + 3.66°
Epithelium thickness (um) 21.22+2.132 25.21 + 2.642 30.18 + 3.81¢ 39.21 +3.11°

Muscle layer thickness (um) 132.22 +12.33% 137.25+ 13.39° 143.44 + 14.39* 155.16 + 15.63°
Villi height (um) 98.55+8.33* 105.11+11.228 117.12+12.18" 130.88 + 12.83¢
Villi thickness (um) 42.66 + 2,182 46.11 +5.19? 51.75 + 4,682 60.13 + 5.99°
Middle of the intestine

Mucous cells (100 pm?) 24.66+2.442 29.16+2.622 32.18+3.112 40.163.26°
Epithelium thickness (um) 23.12+2.672 27.21+2.882 34.76+£3.712 45.42+14.99°
Muscle layer thickness (um)  121.1712.58*  133.26+12.76* 138.65+13.19° 158.1715.33°
Villi height (um) 100.4549.13*  111.11+11.72%  121.1712.58°  130.38+12.93°
Villi thickness (um) 43.19+3.992 48.31+4.112 53.55+4.88° 65.99+5.11°¢
Posterior of the intestine

Mucous cells (100 pm?) 25.16 + 2.312 31.33+2.622 36.68 + 3.11° 42 44 + 3.56°
Epithelium thickness (um) 2322+ 25 28.11 + 2.382 32.88 +3.61° 35.86 +3.11°
Muscle layer thickness (um) 138.66 + 12.44® 141.55+ 13.88° 148.22 + 1459 160.77 + 15.88°
Villi height (um) 91.55 + 9.442 98.09+8.33* 110.11+10.28° 118.88 +12.43°
Villi thickness (um) 51.11+4.33*  57.23+4.79°  61.52+580°  73.22+7.73°
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Table 3 Mean = SEM of Nile tilapia digestive enzymes (units per mg of protein) following the

replacement of red algae in the diet in different treatments for 8 weeks. Different letters in each row
indicate a significant difference at the level of p<0.05.

Indices Control T1 T2 T3

Amylase 39.26 £+ 11.1 48.18 +12.1 66.59 + 12.11 55.89 + 14.1
Lipase 5.45+0.77 5.33+0.38 6.55 + 0.48 755+0.11
Protease 1.08 £ 0.452 2.21+£0.572 3.33+0.89% 5.11 + 0.91°
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