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Biochemical and Histopathological Alteration in Cyprinus
Carpio Exposed to CuSO, and Died with Azolla and
Duckweed

Abstract :

Developing suitable materials for fish to prevent heavy
metal pollution in water is a delicate topic in fish farming. The
effect of adding Azolla and Duckweed to the diet of carp
(Cyprinus carpio) and its involvement in coping with copper
toxicity were studied in this study. In the experiment, carp
(Cyprinus carpio) divided into 5 groups. The first group left
untreated (negative control), second group as the positive control
treated with copper sulfate CuSQO, only at a concentration of (0.5
mg/L), the third group was treated with (0.5 mg/L) CuSO, with
Azolla, the fourth group used CuSO, (0.5 mg/L) in duckweed
plant water, while the fifth group used CuSO, (0.5 mg/L) in
Azolla and duckweed mixture. The treatments lasted 56 days.
Each group of treated fish had their overall clinical complaints
assessed. At the end of the 56-day period, the fish from each
group were autopsied. Alanine-aminotransferase (ALT),
aspartate-aminotransferase (AST), urea, uric acid and creatinine
levels were measured. The result reflected different clinical
symptoms in common carp. The blood parameters revealed
significant increase in the second group treated with copper
sulfate and the significant decrease were in the fifth group. The
degree of histopathological alterations and lesions of the liver
and kidney differed depending on the Azolla-aquatic duckweed
plant mixture treated with CuSO,. According to this study,
Azolla and duckweed can be utilized in fish diets to minimize
the harmful effects of copper.
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Introduction
When feeding costs more than half the cost of tasks,
protein is the most expensive element in specially designed diets
in intensive aquaculture. Fish meal (FM) is the costliest form of
amino in both aquaculture meals and a variety of animal diets
due to its well-known nutritional profile and high palatability.
(1). Fish is one of the primary protein sources in aquaculture
zones, and it contributes significantly to both food safety and
economic development. According to experts, aquaculture has
the best possibility of meeting the growing demand for aquatic
food. It is the fastest-growing segment of the food industry (2).
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Poor management, toxicity, and elevated heavy metal levels, on
the other hand, damage fish immune systems and harm the
aquatic ecology, promoting bioaccumulation in fish tissue, and
exposing fish to a variety of disease outbreaks (3).

Cottonseed meal, meal from soybeans, oil from ground
nuts, and mustard oil cake are all examples of oil that is edible.
are common ingredients in formulated feeds, are in low supply,
aquafeed makers and fish farmers do not have easy access to
them. It is apparent that underdeveloped countries cannot rely on
FM as the The primary sources of protein in aquafeeds. This has
hampered the development and cost of aquaculture in the
majority of underdeveloped countries (4). Growing industrial,
agricultural, and commercial activity produces major
environmental problems and has an influence on the species that

dwell in contaminated environments (5).

Animals in terrestrial and aquatic settings are frequently
exposed to heavy metal pollution, which can occasionally cause
serious health problems such as cancer. Heavy metals
accumulate in the tissues of living creatures because they are not
physiologically degradable (6). Copper constitutes one of the
most significant heavy metal contaminants affecting aquatic life
(7). Several studies have found that copper exposure reduces fish
body weight and inhibits lipase and digestive enzymes (8).
Furthermore, human copper toxicity has been linked to
hyperactivity, malignancy, anemia, brain and liver damage, and

renal failure (9).

Azolla is a freshwater floating plant that generates a lot of
biomass and protein. It can be used directly in fish feed or as a
supplement to a different protein source in the diet. Azolla's
value in aquaculture has expanded due to its higher crude protein
content (13% to 30%) and key amino acid composition (EAAS),
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which is high in lysine when compared to other green feed crops

and aquatic macrophytes. (10). Duckweed belongs to a small

family of floating aquatic plants. With 40 species identified to

date, there are four genera: Lemna, Spirodela, Wolfilla, and

Wolffiella. Lemna minor is the most important Lemna species. It

is significantly less expensive than other plant protein sources

and may be manufactured in huge quantities at a reasonable cost.

Duckweed is gaining popularity as a high-protein (40-45% dry

weight) fish food. Duckweed protein is more similar to animal

protein in that way, with higher amounts of the essential amino

acids lysine and methionine than other plant proteins (11). In the

current study, blood biochemical parameters of common carp

exposed to copper sulfate were evaluated to determine the effects

of azolla.

Materials and Method

Design of Study

Mosul University's Fisheries Faculty of Agriculture conducted

the study. For 56 days, the studies were conducted in a circular

plastic tank at an average temperature of 22.8, and a pH of 8.1+

0.3. Five experimental groups of 125 common carps were

formed, with a mean weight of 70.2 +/- 0.4 g:

e Group 1: untreated (negative control).

e Group 2: positive control (treatment with copper sulfate
CuSO, alone) for 56 days at a concentration of (0.5 mg/L).

e Group 3: CuSO, treatment with Azolla (0.5 mg/liter) for 56
days.

e Group 4: CuSO, treatment (0.5 mg/liter) in Duckweed plant
water for 56 days.

e Group 5: CuSO, treatment (0.5 mg/liter) with an Azolla
and Duckweed for 56 days. Gross clinical signs were
investigated in the entire fish population of each treatment.
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Sampling

After centrifuging blood after spinning the samples at
3000 rotations per minute for a period of ten minutes, the serum
was extracted. using the Vitros System Chemistry 350. The
serum was then refrigerated at -20 °C until the assays were

performed.

Fertilizer proliferation

The Azolla species are replicated (dechlorinated) in a
pond with some mild shade and tap water. 70 g of sheep
excrement were dissolved in 5 days' worth of tap water to
generate fertilizer. The greenery was then moved to the pond.
The forming material went away after seven days.. Allowing it to
swing and dry in the air for at least two days before storing it in a
plastic bag (12).
Duckweed cultivation

200 square meters (20 m 10 m) concrete ponds were
ready for duckweed cultivation. The pond's bottom was
meticulously cleaned before adding ground water (50 cm). Cattle
dung, bird droppingsAt a rate of 1.052 Kg/m3,, and mustard oil
on a cake (1:1:1) received treatment. Based on the results of
outside concrete tanks, organic manures were chosen to
duckweed cultivation. The pond was used to simulate the L.
minor culture conditions established in the tank trials. Later,
fresh duckweed was grown in a cement tank at Mosul
University's agriculture campus at a rate of 1 kilogram per pond.
It just covered a small area of the pond. Harvesting began once
the plant had entirely engulfed the pond's surface (13).
Biochemical parameter analysis

Using a veterinarian biochemical analyzer (VS2 Abaxis,
USA), Dblood enzymes such as  aminotransferase
aminotransaminase (ALT), aspartate aminotransaminase (AST),
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as well as others had been identified in serum urea, uric acid, and
creatinine.
Histopathological examination

At random, five groups of 125 carp fish were produced.
After a 56-day experiment, the fish were slaughtered so that
samples of their liver and kidney could be collected for rotational

histological analysis() ¢)

Statistical investigation

To generate cross-tabs and obtain the relevant findings,
data were collected, processed, and statistically analyzed using
the SPSS statistical program version 26. The observed data were
tabulated, and the variable groups were assessed with a one-way
ANOVA and an Duncan test. The P-value result was judged
significant when it was less than 0.05; when it was larger than
0.05, it was considered non-significant. The mean and standard
error were used to express the effects of continuous variables
Results

The levels for ALT, AST, urea, uric acid, urea, and creatinine
in the study groups are shown in Table 1. The results showed that
Group 2 (copper sulfate) had a substantially higher ALT of 29.646
2.335, followed by Group 5 (copper sulfate with a mixture of azolla
and Duckweed) and Group 3 (copper sulfate with Azolla) of 15.574
1.029 and 15.524 0.491, respectively. Group 4 (copper sulfate with
water Duckweed plant) had the lowest levels of ALT at 14.88 0.968.
Refer to Table 1. The AST level was greater in Group 2 (copper
sulfate) 177.94 8.398 compared to Group 1 (controls) 90.148 4.834.
Group 3 (copper sulfate with Azolla), Group 4 (copper sulfate with
water Duckweed plant), and Group 5 (copper sulfate with azolla and
Duckweed mixture) 86.82 4.473, 81.976 3.080, and 75.956 4.230,
respectively. Furthermore, the results suggest that urea levels are
much higher in Group 2 (copper sulfate) 8.596 0.562, followed by
Group 5 (copper sulfate with azolla and Duckweed mixture) and
Group 4 (copper sulfate with water Duckweed plant) 6.112 0.452,
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5.458 0.282, respectively. Group 3 (copper sulfate with Azolla) had
the lowest urea level of 2.384 0.181 (Table 1). Uric acid levels were
higher in Group 2 (copper sulfate), followed by Group 3 (copper
sulfate with Azolla) 26.82 1.527, Group 5 (copper sulfate with a
mixture of azolla and Duckweed) 22.204 2.030, and Group 4 (copper
sulfate with water Duckweed plant) 20.724 2.243 compared to Group
1 (controls) 17.532 0.926. Furthermore, the results revealed that
Creatinine was considerably higher in Group 2 (copper sulfate) 288.54
3.964, followed by Group 3 (copper sulfate with Azolla) 34.38 4.135.
Creatinine levels were lower in Group 4 (copper sulfate with water
Duckweed plant) and Group 5 (copper sulfate with a mixture of azolla
and Duckweed) than in Group 1 (controls) at 27.142 1.090 and 18.142

0.503, respectively. Referring to Table 1.
Table 1: ALT, AST, Urea, Uric acid, and Creatinine levels
varied between research groups.

Parameters ALT AST Urea Uric acid Creatinine
| Study groups | Mean £St. error |
Group 1 14.102 +£1.101 ggégi 2.268 +0.190 %ggg 31.04 +1.865
Controls B = B C = B B
Group 2 177.94 60.742
copper sulfate 29.646A12.335 18398 8.596:\0.562 +3.208 88.54:\3.964
CuSo4 A A
Citap == 15.524 +0.491 86.82 +4.473 2.384 £0.181 26.82 +1.527 34.38 +4.135
copper sulfate with B B 5 B 5
Azolla
Group- 4-
copper sulfate with | 14.88 +0.968 ﬁéggg 5.458 £0.282 Eg;ig ﬂ(l)gg
water Duckweed B - B B - B - B
plant
Group 5
copper sulfate with ~ 15.574 +1.029 Ziggg 2.112 £0.452 Egggg 135133:2,)
a mixture of azolla B - B C - B - C
and Duckweed
| P-value | 0.001 | 0001 | 0.001 | 0001 | 0001 |

Data expressed as Mean + stander error (N= ¢ animals)
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Different letters among groups in rows mean there is significant
difference at p<0.05

The following observations were made using the
histological damage score and histological section analysis.
Histopathological tests indicated severe structural abnormalities
in the livers of fish that had received repeated treatments with
different extracts. The liver of a fish from the CuSO4 treatment
group was histologically examined in this study. This indicated
bile duct epithelial cells, considerable congestion, and edema in
the portal region (figure 1). Figures 2 and 4 show sinusoid
dilatation, edema in pancreatic tissue, congestion with vacuolar
degeneration, fibrosis, and fat deposition (figure 4).
Histological examination of C.carpio fish liver treated with
CuSO4 and Azolla indicated congestion and vacuolar
degeneration (figure 5). Furthermore, the studies demonstrated
that CuSO4-treated fish liverOn the other hand, histological
investigation of C.carpio fish liver treated to CuSO4 with Azolla
revealed congestion and vacuolar degeneration (figure 5).
Furthermore, fish liver treated with CuSO4 and a mixture of
azolla and Duckweed water plant dilatation of sinusoid and
vacuolar degeneration (figure 6).
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Figure(1): Microscopic examination of liver in C.carpio
exposed to CuSO, for 56 day show hyperplasia of epithelial
cells lining bile duct (a), severe congestion (b) edema in the
portal area (c), H&E, 10 * 3X

Figure(2): Microscopic examination of liver in C.carpio
exposed to CuSO4 for 56 day show dilatation of sinusoid (a),
edema in pancreatic tissue(b) congestion (c) with vacuolar
degeneration(d), H&E, 40 * 1.8X.
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Figure(3) :Microscopic examination of liver in C.carpio
exposed to CuSO, show fibrosis (a),H&E, 10 *6.3 X.

*8.8X.
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Figure(5): Microscopic examination of liver in C.carpio
exposed to CuSO,4 with Azolla for 56 day show congestion (a)
and vacuolar degeneration(b), H&E,40*1.8X.

Figure(6) Microscopic examination of liver in C.carpio
exposed to CuSO,4 with a mixture of Azolla and Duckweed
water plant for 56 day show dilatation of sinusoid (a) and

and vacuolar degeneration(b) ), H&E,40*1.8X.
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Histological examination of a CuSO4-treated fish's
kidney indicated the existence of interstitial nephritis, tubular
necrosis, and renal sac occurrence (figure 7). Microscopic
analysis of the kidney in C.carpio subjected to CuSO4 and
Duckweed water plant reveals interstitial nephritis, hydropic
degeneration of the epithelial cell lining the renal tubule, and the
presence of renal sacs (figure 8). Renal hyaline cast, hydropic
degeneration of epithelial cell lining renal tubule atrophy of
glomerular, and heamorraghe were observed in the group
exposed to CuSO4 and a mixture of Azolla and Duckweed water
plant (figure 9).

Figure(7) Microscopic examination of kidney in C.carpio

exposed to CuSO, for 56 day show interstitial nephritis (a),
tubular necrosis(b) and renal sac occurrence (c),H&E,
10*6X.
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Figure(8) 5wty ot Tnc-E Mg L., « o SIS 5W exposed
to CuSO, and Duckweed water plant for 56 day show interstitial

nephritis (a), hydropic degeneration of epithelial cell lining renal
tubule (b) and renal sac occurrence (c),H&E, 10*6X.

Figure(9) Microscopic examination of kidney in C.carpio
exposed to CuSO,4 and mixture of Azolla and Duckweed
water plant for 56 day show renal hyaline cast (a), hydropic
degeneration of epithelial cell lining renal tubule (b) atrophy

of glomerular (c), and heamorraghe H&E, 40*2.3X.
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Discussions

As a result, it was determined that copper sulphate had the
largest influence on fish. Previous research has shown that
Azolla can protect carp fish from the detrimental effects of heavy
metal pollution (14). This protective function is assumed to be
due to Azolla's high cation capacity. It is well understood that
one of the detrimental effects of heavy metal pollution is the
suppression of enzyme metabolism. Furthermore, it is well
recognized that lipid metabolism, liver and kidney functions, and
levels of cholesterol, lipoproteins, and triglycerides are all linked
(15). According to reports, adding 2-5% Azolla to cattle feeds
enhanced body weight and decreased diarrhea incidence (16).
After considering previous findings and current data, it is
possible to conclude that using Azolla to combat copper toxicity
may protect fish against a variety of detrimental consequences of
the metal. As a result, more research into different dosages and
other fish species is required. In light of these factors, the
outcomes of this study indicate that the Azolla treatment used in
this study was effective in protecting fish from a variety of
harmful repercussions. Alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels are considered.

Other studies on fish and fowl fed diets with varying
Azolla levels came to similar conclusions (17). Furthermore, it
mitigates the effects of copper exposure by eliminating the
copper load from the water (18). When dietary Azolla is ingested
more regularly, cholesterol begins to grow in the other direction.
The liver, kidneys, heart, skeletal muscle, pancreas, spleen,
erythrocyte, brain, and gills can all contain ALT and AST (19).
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These blood plasma enzymes are being studied clinically as
indications of liver health. Because these enzymes are released
into the bloodstream when there is an injury, they may indicate
liver dysfunction. In this study, serum ALT and AST levels
increased significantly after FM was replaced with Azolla meal.
It demonstrates that the liver suffered as a result of the FM
substitution with Azolla. Xu et al. (2018) (20) reported that
blood ALT and cholesterol levels in C. carpio fed FM
replacement meals were significantly lower than those in the
control group (21). Furthermore, in this study, the nutritional
needs of C. carpio fingerlings were addressed by adding fish
meal to Azolla meal. However, the presence of anti-nutritional
factors (ANFs) and a high dietary fiber content may be the cause
of decreased feed efficiency at higher Azolla meal inclusions,
which in turn decreased growth performance (22). Because
Azolla has a comparable digestive enzyme profile and a diet rich
in -6 fatty acids, it has the potential to replace expensive FM in
herbivorous animals (23).

Fish can be exposed to heavy metals in two ways,
according to Yousif et al. (2021) (24), either indirectly through
their skin and gills or directly through consuming contaminated
water or food. It can cause tissue damage even in small amounts,
as demonstrated in the colon and liver. Thus, histological
abnormalities in the liver and intestines of ordinary people were
discovered in our investigation. Toxins such as heavy metals are
detoxified by endogenous waste products and externally
generated liver as a result of their buildup in fish organs;
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consequently, The cumulative influence of metal content in the
liver may cause pathological changes in the liver .

The cellular degradation of the liver may be induced by a
lack of oxygen, heavy metal effects on the circulatory system,
changes in blood vessel permeability, and other factors (25).
Duckweed systems have been used to remove contaminants from
several types of wastewater, including domestic wastewater,
septage, and agricultural wastewater, such as swine water.
According to research, these plants improve the overall quality
of eutrophic water bodies and aid in heavy metal absorption from
contaminated waters. Duckweeds have more potential as a
therapy system than most other aquatic plants due to their
specific morphological and physiological properties, high
nutritional content, and range of reuse prospects (26, 27).

At this time, comprehensive and thorough discussion and
comparisons cannot be done due to a lack of study addressing
the particular features and implications of Azolla minerals. As a
result, more research is needed to determine the biological and
metabolic features, as well as the consequences of Azollas in
different species.
Conclusion

The nutritional value of Azolla meal with duckweed as a
component of C. carpio communis fingerling diets was
determined in this study. It appears to be a good substitute for
fishmeal in real-world diets; with no deleterious effects on C.
carpio communis histopathology or serum biochemical
indicators. With its expansion, azolla and duckweed meal could
be efficiently included to provide cost-effective and
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environmentally friendly feeds for the bulk production of
fingerling C. carpio communis.
Conflicted interested: None
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ISSN: 2537-0804 elSSN: 2537- 0855



Biochemical and Histopathological Alteration.., Rana Altaee et al.

References

1. Shpigel M, Guttman L, Shauli L, Odintsov V, Ben-Ezra D,
Harpaz S. Ulva lactuca from an Integrated Multi-Trophic
Aquaculture (IMTA) biofilter system as a protein supplement
in gilthead seabream (Sparus aurata) diet. Aquaculture.
2017;481:112-118. doi:10.1016/j.aquaculture.2017.08.036.

2. Yakubu SO, Falconer L, Telfer TC. Scenario analysis and
land use change modeling reveal opportunities and
challenges for sustainable expansion of aquaculture in
Nigeria. Aquaculture Reports. 2022;23:101071.
doi:10.1016/j.aqrep.2022.101071.

3. Jaber MMT, Al-Jumaa ZM, AL-Taee SK, Nahi HH, Al-Salh
MA, AL-Hamdany MO, Al-Mayahi B. Bioaccumulation of
heavy metals and histopathological changes in muscles of
common carp (Cyprinus carpio L.) in the Iraqgi rivers. Iraqi
Journal of Veterinary Sciences. 2021;35(2):245-249.
doi:10.33899/ijvs.2020.126744.1375.

4. Ghosh K, Ray AK, Ringo E. Applications of plant
ingredients for tropical and subtropical freshwater finfish:
possibilities and challenges. Rev Aquac. 2019;11:793-815.
doi:10.1111/raq.12268.

5. Granada L, Sousa N, Lopes S, Lemos MF. Is integrated
multitrophic aquaculture the solution to the sectors’ major
challenges?-a review. Reviews in Aquaculture. 2016
Sep;8(3):283-300.

6. Masindi V, Muedi KL. Environmental contamination by
heavy metals. Heavy metals. 2018 Jun 27;10:115-32.

7. Singh J, Kalamdhad AS. Effects of heavy metals on soil,
plants, human health and aquatic life. Int J Res Chem
Environ. 2011 Jan;1(2):15-21.

8. Kumar N, Krishnani KK, Singh NP. Effect of zinc on growth
performance and cellular metabolic stress of fish exposed to

ISSN: 2537-0804 elSSN: 2537- 0855



LAY E galga (YV)E. (V)0 By o aglald B o) bnd)

multiple stresses. Fish physiology and biochemistry. 2020
Feb;46:315-29.

9. Ashish B, Neeti K, Himanshu K. Copper toxicity: a
comprehensive study. Research Journal of Recent Sciences
ISSN. 2013;2277:2502.

10.Mosha SS. A review on significance of Azolla meal as a
protein plant source in finfish culture. J. Aquac. Res.
Develop. 2018;9(7):1-7. doi:10.4172/2155-9546.1000462.

11. Kabir A, Hossain M, Rahman M. Use of Duckweed as Feed
for Fishes in Polyculture. Journal of Agriculture & Rural
Development. 2010;7(1):157-160.
doi:10.3329/jard.v7i1.4789.

12.Roshidi, M. A. H.; Mahyuddin, H. S.; Mohamad, M. A. N
and Noh, A. L. (2020). The Effect of Different Fertilizer and
Extraction Method on Secondary Metabolites of Azolla
Pinnata. Acta Chemica Malaysia, 4(1): 28-32. https://doi.org/
10.2478/acmy-2020-0005

13.Chakrabarti R, Clark WD, Sharma J, Goswami RK,
Shrivastav AK, Tocher DR. Mass Production of Lemna
minor and Its Amino Acid and Fatty 1 Acid Profiles. Front
Chem. 2018:6:479. doi:10.3389/fchem.2018.00479.

14.Al-Taee S, Anaz M, Al-Badrany MS, ALHamdani A.
Biochemical and behavioral responses in carp fish exposed to
tricaine methane sulfonate (MS-222) as anesthetic drug under
transport conditions. Iraqi Journal of Veterinary Sciences.
2021;35(4):719-723. doi:10.33899/ijvs.2020.126792.1395.

15.Tepe Y, Akyurt I, Ciminli C, Mutlu E, Calisgkan M.
Protective effect of clinoptilolite on lead toxicity in common
carp (Cyprinus carpio). Fresenius Environmental Bulletin.
2004;13(7):639-642.

ISSN: 2537-0804 elSSN: 2537- 0855



Biochemical and Histopathological Alteration.., Rana Altaee et al.

16.Fu Z, Xi S. The effects of heavy metals on human
metabolism. Toxicology mechanisms and methods. 2020 Mar
23;30(3):167-76.

17.Ghaly AE, Ramakrishnan VV. Nitrogen sources and cycling
in the ecosystem and its role in air, water and soil pollution:
A critical review. Journal of Pollution Effects & Control.
2015;3(2):1-26.

18. Safaeikatouli M, Jafariahangari Y, Baharlouei A. An
evaluation on the effects of dietary kaolin and azolla on
broilers' blood parameters, T4, TSH, and growth hormones.
Pakistan  Journal of Nutrition. 2011;10(3):233-237.
d0i:10.3923/pjn.2011.233.237.

19.De Schamphelaere KA, Janssen CR. Effects of chronic
dietary copper exposure on growth and reproduction of
Daphnia magna. Environmental Toxicology and Chemistry:
An International Journal. 2004 Aug;23(8):2038-47.

20.Hadi A, Shokr A, Alwan S. Effects of aluminium on the
biochemical parameters of freshwater fish Tilapia zillii. J Sci
Applica. 2009;3:33-41.

21. Xu X, Ji H, Yu H, Zhou J. Influence of replacing fish meal
with enzymatic hydrolysates of defatted silkworm pupa
(Bombyx mori L.) on growth performance, body composition
and non-specific immunity of juvenile mirror carp (Cyprinus
carpio var. specularis). Aquac Res. 2018;49:1480-1490.
doi:10.1111/are.13598.

22.Zhao SP. Theoretical base of blood lipid metabolism and
clinical relevant issues. Clin Focus. 2006;21:989-993.
doi:10.3969/j.issn

23. Magouz FI, Dawood MAO, Salem MFI, Mohamed AAI. The
effects of fish feed supplemented with Azolla meal on the
growth performance, digestive enzyme activity, and health
condition  of  genetically-improved  farmed tilapia

ISSN: 2537-0804 elSSN: 2537- 0855



LAY E galga (YV)E. (V)0 By o aglald B o) bnd)

(Oreochromis  niloticus).  Ann  Anim  Sci.  2020.
doi:10.2478/aoas-2020-0016.

24. Ahmed I, Khan YM, Lateef A, Majeed A, Shah MA. Partial
replacement of fishmeal by Azolla cristata in diets for
fingerling common carp, Cyprinus carpio var. communis.

25.Yousif R, CHOUDHARY MI, AHMED S, AHMED Q.
Review: Bioaccumulation of heavy metals in fish and other
aquatic organisms from Karachi Coast, Pakistan. Nusantara
Bioscience. 2021;13(1). doi:10.13057/nusbiosci/n130111.

26. Mohamed FAS. Impacts of environmental pollution in the
southern region of Lake Manzalah, Egypt, on the histological
structures of the liver and intestine of Oreochromis niloticus
and Tilapia zillii. J. Egy. Acad. Society Environ. Develop.
2001;2:25-42.

27.Wendeou S, Aina M, Crapper M, Adjovi E, Mama D.
Influence of Salinity on Duckweed Growth and Duckweed
Based Wastewater Treatment System. Journal of Water
Resource and Protection. 2013;5(10):993-999.
doi:10.4236/jwarp.2013.510103.

28. Roshidi MAH, Mahyuddin HS, Mohamad MAN, Noh AL.
The Effect of Different Fertilizer and Extraction Method on
Secondary Metabolites of Azolla Pinnata. Acta Chemica
Malaysia. 2020;4(1):28-32. doi:10.13140/RG.2.2.35804.97925.

ISSN: 2537-0804 elSSN: 2537- 0855






