EFFECT OF BIODIGESTER EFFLUENT ON CARBOHYDRATE METABOLIZING

Abstract

Research on the use of biodigester effluent as a feed source in fish farming have been previously

reported,however, its effect on the metabolic activities of fish, which mightuinform‘its safety and
administration guidelinein fish farming is poorly understood. The aim of the present:study was to
determine the effect of pig dung biodigester effluent (PDBE) on the activities of lactate
dehydrogenase (LDH), glucose-6-phosphate dehydrogenase (G-6-PDH), glutathione peroxidase
(GPx), concentration of reduced glutathione (GSH) ‘and total protein in the African Catfish
(Clarias gariepinus). Fifteen catfish (120 + 10 g) where purchased, acclimatized to laboratory
conditions and grouped into three. Group I (control): exposed to freshwater; group two: exposed
to raw PDBE; and group three: exposed to1:10 dilution of PDBE. The experiment lasted for 24
hours after which the serum of the fish was used for metabolic analysis. LDH and G-6-PDH
activities and total protein concentration were measured using Randox kits following the
manufacturer’s protocol while reduced glutathione concentration was measured using Ellman’s
method and glutathione peroxidase activity was also measured using Ellman’s method after
protein concentration and the activities of lactate dehydrogenase, glucose-6-phosphate
dehydrogenase, and glutathione peroxidase as well as a decrease in reduced glutathione
concentration was found in group two exposed to raw PDB effluent. However, the metabolic
parameters of group three catfish were nearly similar to that of control.Findings of the present

study suggests that before using raw pig dung biodigester effluent for fish farming it should be
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diluted using a 1:10 dilution. The present study has provided a comprehensive data for the
development of the right protocol and guideline for the administration of biodigester effluent in

catfish farming. It has also provided biomarkers which can be measured for the evaluation of

Clarias gariepinus, also known as African sharp tooth catfish is a‘species of the air breathing
catfishwhich grows very fast and multiply quickly [1]. It is indigenous to the inland freshwaters
of Africa that is why it is called the African catfishi[2]. Nigeria is the world's largest commercial
producer of the African catfish. Given the continuous rise in the demand for catfish, catfish
farming is currently a very lucrative business in Nigeria [3, 4]. Catfish production occurs in
several communities in Bayelsa State [4]. Bayelsa is a State in Nigeria, whichlies between River
State and Delta State [5]and is part of the largest wetland in Africa, the Niger Delta [6]. Catfish
ponds and sales are very common in“Bayelsa State [4, 7]. Aside from Clarias gariepinus, other
species of catfish. found.in Nigeria are; Heterobranchusbidorsalis, ahybrid ofClariasgariepinus

and Heterobranchusbidorsalisknown asHeteroclarias, and Clarias nigro-digitatus[8].

The high cost of fish feedis a major constraint to catfish production [4, 7].A previous study found
that fish feed accounted for 77.4% of the total cost of catfish production [9]. The conventional
pelleted floating feeds for catfish consist of oil seed meal such as groundnut cake, Soybean cake,
soybean flour [8], cotton seed meal and canola meal [10]. Sometimes unconventional animal by-

products that meet the nutrient requirements of catfish are also used as feed for catfish [10].
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Active research on fish feed formulationswith high quality and low costis on-going [11, 12].A
previous research showed that fish residing close to wastewater effluent discharges tend to have
more weight than those of control [13]. Biodigester effluent is a type of wastewater that is
released from a biodigester during anaerobic digestion of biodegradable wastes [14]. A previous
study showed that bio-digester effluents contained a good amounts of nitrogen, potassium,
phosphates, calcium, magnesium and sodium but with E. coli presence which was removed upon
treatment [15].This suggests that wastewater effluent contains food and nutrients which are
needed for fish growth [13].Other previous studies have reported the use of biodigester effluent
as a rich source of nutrient for plant growth [16, 17]and ‘as fertilizer.for fish growth [18, 19].
Although studies have showed that biodigester effluent can be used as fish feed, however,
evaluation of its effect on key pollution biomarkers. in catfish is limited in literature. Concerns
have been raised over the safety of biodigester effluent'as fish feed [20,21]. Concern has also

been raised over environmental pollution during its application [19].

Common metabolic markers of pollution and toxicity in fish and other lower animals which have
been reported in previous studies are Glucose-6-phosphate dehydrogenase (G-6-PDH), total
protein, glutathione peroxidase (GPX),reduced glutathione (GSH) and lactate dehydrogenase
(LDH) and other antioxidant enzymes[22 - 27]. Therefore, in order to determine the safety
study investigated the effect of pig dung biodigester effluent (PDBE) on the activities of lactate

dehydrogenase, glucose-6-phosphate  dehydrogenase, glutathione peroxidase, reduced
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2.1 Study location

This research was conducted in the University of Africa Toru —Orua, Sagbama Local

swampy environment that is well watered by the freshwater from ForcadosRiver, surrounding

creeks and lakes that flows across it [30].

obtained from the Biogas Production:and Research Centre in the University of Africa Toru —

Orua, Bayelsa State. The catfishavere grouped into three. Group | (control water): exposed to 20

2.3 Acute toxicity test

The short-term adverse effects of exposing catfish to two different concentrations of pig dung

effluent was evaluated for a period of 24 hours [34, 13]. At the end of the experiment, [olood

,,«—'{Comment [H14]: Expunge ]

,.-»'[Comment [H15]: This place is not properly }

{ Comment [H17]: | don’t think this is necessary.

{ Comment [H18]: “were” not “where”

-1 Comment [H16]: Rewrite as “Experimental fish

{ Comment [H19]: While not from “a catfish

written.

and management”
Whatever you discussed under this heading is your
study design or simply put “study design”.

commercial seller” or something better?

Comment [H20]: Simply put:

Fifteen live catfish (120 + 10 g) were purchased
from commercial catfish sellersin Toru — Orua
community.

- JU

Comment [H21]: What is the condition of this
fresh water? Do you work under the same condition
with the cited reference [32]?

you use specifically?

“{ comment [H23]: Group Il be consistent if you

are using a roman numeral or written number. You
have already stated Group | not group one.

[ Comment [H22]: What type of fresh water did }

[ Comment [H24]: Group Il

[ comment [H25]: Be specific. The use of

freshwater was not clear as we have different types
of freshwater.

{ Comment [H26]: Expunge ]

-1 Comment [H27]: How did you collect it? You did

not state the method used for blood collection may
be it is via heart puncture, retro-orbital sinus, etc.

[ Comment [H28]: “sample” plain sample bottles }

is more preferable




2.4 Determination of total protein (TP) concentration

This was carried out using the manufacturer's protocol for Randox total protein kit based on the
Biuret method, with bovine serum albumin as the protein standard [36].

Principle: Cupric ions, in an alkaline medium, interact with protein peptide bonds resulting in
the formation of a blue coloured complex, which exhibits maximum absorbance between
wavelengths of 530-570 nm [36].

Procedure: Following the Randox kit protocol, 1 ml of reagent R1 [containing Sodium
hydroxide (100 mmol/l), sodium-potassium tartrate (16 mmol/l), potassium iodide (15 mmol/l)
and copper Il sulphate (6 mmol/l)] was added “to 0.02 ml of serum sample. The mixture was
incubated at 25°C and the absorbance was measured against reagent blank at a wavelength of

546 nm. The total protein concentration was expressed as mg/dl.
2.5. Estimation of serum lactate dehydrogenase activity

Lactate dehydrogenase (LDH) activity was carried out following the manufacturer’s protocol for
Randox LDHKitusing UV method [37].

Principle: Pyruvate + NADH + H" LDH L-Lactate + NAD"

The activity of the LDH that leaked from tissues into the blood during tissue damage was
measured in the present study. The reaction principle is based on the catalytic activity of serum
LDH which leads to the reversible reduction of pyruvate to L-lactate mediated by the hydrogen
donor, NADH. The decrease in NADH, was harnessed as a basis for the measurement of LDH
activity. NADH in solution produces a significant absorbance peak at 340 nm, while NAD+ has
virtually no absorbance at this wavelength. This difference was the basis by which LDH activity

was monitored.For the calculation of LDH activity, the rate of absorbance change per minute at



340 nm due to the reduction of NADH was multiplied by 9683 (a factor given in the
manufacturer’s protocol for Randox LDHKIit) and the calculated activity was expressed as
1U/L/min [37].

Protocol: Following the Randox kit protocol,0.02 ml of serum sample was pipetted into a test
tube followed by 1 ml of Randox reagent. The Randox reagent contained phosphate buffer (50
mmol/l, pH 7.5), pyruvate (substrate 0.6 mmol/l) and NADH (0.18 mmol/l). The serum sample
and Randox reagent were thoroughly mixed together and absorbance was read at 340 nm at 30
sec, 1, 2 and 3 min intervals. The activity of LDHwas calculated by multiplying the change in
absorbance per min (AA 340 nm/min) with9683 (a factor given in the manufacturer’s protocol

for Randox LDHK:it). The calculated activity was expressed as 1U/L/min.

2.6Estimation of Glucose-6-Phosphate Dehydrogenase (G-6-PDH) Activity

This was carried out following the manufacturer’s protocol for Randox G-6-PDHKitbased on
UV method [38].

Principle: The activityof G-6-PDH in the serum was determined by the measurement of the
absorbance change at 340 nm due to the reduction of NADP*. Thisenzymatic dehydrogenase
reaction takes advantage of the ability of the reduced form (NADPH), to absorb light at a
wavelength of 340 nm while the oxidized form (NADP™) do not [38].

Glucose-6-Phosphate + NADP'G-6-PDH  Gluconate-6-Phosphate + NADPH + H*

Protocol: Following the manufacturer’s protocol for Randox kit, 1 ml of reagent R1 containing
triethanolamine buffer (31.7 mmol/l, pH 7.6) and EDTA (3.2mmol/l) was pipetted into a test
tube, followed by 0.03 ml of reagent R2 containing NADP (0.34 mmol/I) reconstituted with 2 ml

of redistilled water and 0.015 ml of serum sample. The mixture was mixed thoroughly and



incubated for 5 min at 37°C. Reagent 3 containing glucose-6-phosphate dehydrogenase substrate
(0.34 mmol/l) was reconstituted with 2 ml of redistilled water and was added to the mixture. The
whole content of mixture was mixed thoroughly and the absorbance was taken at 0 sec 1, 2 and 3
minutes.

Activity of G-6-PDH (U/L/min) = 33650 (factor) x change in absorbance at 340 nm/min.

2.7 Determination of Reduced Glutathione (GSH) Concentration
The method originally described by Ellman [39] was used in estimating the level of reduced

glutathione (GSH).

Principle: The reduced form of glutathione comprises in most instances the bulk of cellular non-
protein sulfhydryl groups. The principle of reaction is therefore based upon the oxidation of
glutathione by the sulfhydryl reagent 5,5"-dithio-bis(2-nitrobenzoic acid) (DTNB) resulting in the
formation of a relatively stable yellow chromogenic derivative called 5'-thio-2-nitrobenzoic acid

(TNB), measured at a wavelength of 412 nm. The sulfhydryl reagent is the Ellman’s reagent.

precipitating solution (2 ml of 5% TCA). The mixture was mixed together and allowed to stand
for approximately 5 min, after which it was centrifuged and filtered. Exactly 1ml of the
supernatant was added to 3.0 ml of 0.2 M phosphate buffer (pH 8.0) and 0.5 ml of Ellman’s
reagent (19.8 mg of 5’, 5’-dithiobis-2-nitrobenzoic acid, DTNB in 100 ml of 0.1% sodium
nitrate) was added and the absorbance was read at 412 nm against a reagent blank.Reduced GSH
concentration is proportional to the absorbance of the final mixture at 412 nm wavelength. GSH

concentration was extrapolated from the standard curve for reduced GSH [39].
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2.8 Evaluation of glutathione peroxidase activity

Glutathione peroxidase activity was determined according to the method of Rotruck et al., [40].
Principle: Glutathione peroxidase catalyzes the oxidation of hydrogen peroxidase (H,O>) using
reduced glutathione. The reduced glutathione is oxidized in the process. Glutathione peroxidase
activity is arrested by TCA (Trichloroacetic acid) and the remaining glutathione in the reaction
mixture is determined by the method originally described by Ellman [39]. In this protocol, thiols
present in the remaining glutathione in the reaction mixture interact with 5, 5’-dithiobis-(2-
nitrobenzoic acid) (DTNB) to form a highly yellow coloured anion with maximum peak at
412nm. Glutathione peroxidase activity is proportional to the amount of glutathione that was
consumed in the reaction.

Equation of reaction

Glutathione peroxidase

Reaction: 2 GSH + H,0, 695G + 2 H,0

Abbreviations used: GSH = Reduced glutathione; GSSG = oxidized glutathione

Procedure: The reaction mixture contained 0.2 ml of 0.4 M Tris-HCI buffer, pH 7.0, 9.1 ml of
mM hydrogen peroxide. The reaction mixture was incubated at 37°C for 10 min and was arrested
by the addition 0.4 ml Of 10% TCA, followed by centrifugation at 3000 rpm for 5 min. The
supernatant was assayed for glutathione content by using Ellman’s reagent. Briefly, to 1ml of the
supernatant was added 0.5 ml of Ellmans reagent (19.8 mg of 5’, 5’-dithiobis-2-nitrobenzoic
acid, DTNB in 100 ml of 0.1% sodium nitrate) and 3.0 ml of 0.2 M phosphate buffer (pH 8.0)
and the absorbance was read at 412 nm against a reagent blank.Glutathione peroxidase activity

was obtained by plotting a GSH standard curve and the concentration of the remaining GSH in
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the reaction mixture was obtained from the standard calibration curve by extrapolation from the

curve.
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3.1 Effect of PDB effluent on serum total protein concentration in African catfish (Clarias

gariepinus)

The serum total protein concentration of African catfish (Clarias gariepinus) exposed to PDB
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3.2Effect of pig dung biodigester effluenton the activity of serumlactate dehydrogenase

inAfrican catfish (Clarias gariepinus)

/As showed in Figure 2, compared with control, a significant (P< 0.001) increase in the activity -

Comment [H42]: As shown in Figure 2. Do not

ofLDH was found in group [Zlcatfish exposed to raw PDB effluent (control: 115.00 + 1.57 IU/L

versus group 2: 422.00 £ 5.64 1U/L). On the contrary, no significant difference in the activity of

LDH was found in group B] catfish (105.00 £ 5.18 IU/L) compared with control.

start your statement with this. You may end it with
that after your explanantion.

[ Comment [H43]: “p”

:\{Comment [H44]: 1l

{ Comment [H45]: IlI

w
%]
=]

300

250

200

150

100

Lactate dehydrogenase activity (IU/L/min)

u
Q

Group I (Control) Group II (Raw PDB Group III (Diluted PDB
effluent) effluent)

Study group

Figure 2. Effect of PDB effluent on serumlactate dehydrogenase (LDH) activity in African
catfish (Clarias gariepinus). [Result presented as meanz standard error of mean (SEM). Bars

with different superscripts are significantly different (P< 0.05) while bars with the same

superscript are not significantly different. PDB: pig dung biodigester. Group [1 (control): exposed

11

{ Comment [H46]: Enter this into the next line.

)

{ Comment [H47]: “p”

{ Comment [H48]: |

J
J




effluent (1:10 dilution).

3.3 Effect of pig dung biodigester effluenton the activity of serum glucose-6-phosphate

dehydrogenase in African catfish (Clarias gariepinus)

Results for the effect of PDB effluent on the enzyme activity of glucose-6-phosphate

dehydrogenase (G-6-PDH)in the serum of catfish (Clarias gariepinus) is presented in Figure 3.

G-6-PDH was found in the serum of group 11 (control: 8.00 + 0.40 U/g versus group Il: 32.00 +
0.73 U/g; P< 0.001), while the activity of G-6-PDHin group 11l catfish exposed to diluted PDB

effluentwas found to be similar to that of control with no significant difference(control: 8.00 +
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3.4Effect of pig dung biodigester effluent on reduced glutathione concentration in the

serum of African catfish (Clarias gariepinus)

Results for the effect of PDB effluent on the concentration of reduced glutathione in the serum of

catfish (Clarias gariepinus) is presented in Figure 4. As shown in Figure 4, compared with

S

control a significant (P< 0.001) decrease in the concentration of reduced glutathione was found
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different superscripts are significantly different de 0.001) PDB: pig dung biodigester. Group -

[1(control): catfish exposed to freshwater. Group 2:catfish exposed to raw PDB effluent, and -

group 3: catfish exposed to diluted PDB effluent (1:10 dilution).

3.5Effect of pig dung biodigester effluent on serum glutathione peroxidase activity in

African catfish (Clarias gariepinus)

As shown in Figure 5, compared with control, the activity of serum glutathione peroxidase (GPx)
was found to be significantly higher in group Il catfish exposed to.raw PDB effluent than in

control. However, the enzyme activity of GPxdecreased significantly (H< 0.001) lower than that
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Figure 5. Effect of PDB effluent on the activity of glutathione peroxidase in the serum of

African catfish (Clarias gariepinus). [Results presented as meant standard error of mean

Discussion|

Comparative evaluation of the biomarkers of pollution in.catfish exposed to raw PDB effluent
and catfish exposed to diluted PDB effluent was carried out.in the present study. Both LDH and
G-6-PDH are carbohydrate metabolizing enzyme:that serve as biomarkers for pollution and
toxicity [25]. Given that the liver is one of the richest sources of LDH [37], the increase in serum
LDH activity beyond normal serum level which was found in the present study in group two
after exposure to pig dung biodigester effluent suggests that raw PDBE induced excessive
damage and destruction to the liver cells of catfish which may have led to increased permeability

of liver cells and leakage of LDH aswell as other parameters into the blood. However this was

Findings of the present study corroborates findings of a previous study where an increase
inlactate dehydrogenase was found in the freshwater fish calledChanna punctatusfollowing
exposure to‘increasing concentration of tannery waste water [43].Increase in the activity of LDH
was also found in the liver and muscle cells of tilapia fish (Oreochromis mossambicus) following
exposure to fumaronitrile, a persistent organic pollutant of industrial waste water [27].

Significant changes in the activity of LDH was also previously foundin the armored catfish,
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Rhinelepisstrigosain(Siluriformes, Loricariidae)after exposure to hypoxia and temperature variation

compared with the unexposed group [44].

A previous study found thatexposure of fish to cadmium and lead also resulted in a significant
decrease in LDH and G-6-PDH activities[45].Furthermore, another previous study also showed a
reduction in the activity of glucose-6-phosphate dehydrogenase in the erythrocytes of dogfish
and 5 other fish species from Black Sea after exposure to stress [46].These. findings are
consistent with the findings of the present for group 2. However the reverse was found for group

111 catfish placed in diluted PDBE in the present study.

Enzymatic and non-enzymatic antioxidants serve as important biological defense against
environmental oxidative stress and have been reportedly used as biomarkers of pollution in
several animal studies [47].Comparative evaluation of-reduced glutathione levels between catfish
exposed to raw PDB effluent and catfish exposed to diluted PDB effluent was also carried out in
the present study. The present<study. found a.decrease in glutathione concentration and an
increase in the antioxidant enzyme activity of catfish exposed to raw PDB effluent. This is in
agreement with the <findings of previous studies where a decrease in glutathione level was
foundin the freshwater snail calledBellamyapurificata after exposure to landfill leachate effluent
and bisphenol A [48]. The same was observed in the fish,Channa punctatusafter exposure to a
thermal power plant effluent in a previous study [49]. Elevation of glutathione peroxidase
activity:has also been reported in a previous study where the effect of waste water on fish was
evaluated [50]. The present study suggests that the induction of glutathione peroxidase activity
was caused by pollutants present in PDBE. GSH and GPx may be considered as potential

specific biomarkers for PDBE pollution.
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The present study found that the administration of 1:10 dilution of PDB effluent to group Il
catfish restored the altered metabolic parameters in group 1l to that of control and better than that
of control for GSH and GPx. This suggests that the concentration of PDBE should be taken into
consideration when using it as feed source or supplement in fish farming. The present study is
quite novel because while previous studies mainly focused on only the effect of raw wastewater
on fish, the present study focused on the effect of both the raw waste water and. the diluted
wastewater in order to determine the proper guideline for the application.of PDBE for fish

farming.

Aside from providing a guideline for PDBE administration in-fish- farming, the present study has
also showed that when the levels of pollutants exceed:safe.limits, a reduction in the overall

health of fish can occur. These impacts can also adversely affect human health (Mustafa, 2024).

Conclusion|

The knowledge provided in the present study might aid the understanding of PDBE utilization in
fish farming. It will also be a significant resource for fish farm managers and authorities to
improve onthe formulation of low cost fish feeds for fish farming. It can be concluded from the
present study that although fishes had reduced metabolic activity after been exposed to a high
concentration of raw PDBE, however, the metabolic activities of catfish greatly improved in the
catfish exposed to diluted PDBE. This implies that at a high concentration of PDB effluent
impairs metabolism in catfish, while at a low concentration of PDB effluent enhances
metyabolism in catfish. The result of the present study also implies that total protein, G-6-PDH,

LDH, GSH and GPxwill be valuable tools in biological monitoring of PDBE pollution.In
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addition, the present study has provided comprehensive data for the development of guidelines
for the administration of biodigester effluent in aquaculture. It has also provided biomarkers to
be measured for the evaluation of biodigester effluent toxicity. Finally, the present results
suggests that a 1:10 dilution of PDBE might be a very effective practice for the detoxification of

PDBE for catfish farming.
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These results suggest that raw PDB effluent induces oxidative stress, tissue damage, and an
inflammatory or immune response in Clarias gariepinus, as evidenced by the elevated levels of

proteins and oxidative stress markers (LDH, G-6-PDH, GPx) and the reduction in GSH. In
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contrast, diluted effluent significantly reduces these impacts, indicating a concentration-
dependent effect. This distinction between raw and diluted exposures emphasizes the potential

risk mitigation strategy through dilution when managing effluent disposal to protect aquatic life.

The findings present clear biochemical evidence of the harmful effects of undiluted PDB effluent

on fish health, highlighting the need for effluent management strategies, such as dilution, before

- . L
release into aquatic ecosystems. N \

Suggestion for discussion (revised):

'Y

L @

The comparative evaluation of LDH and G-6-PDH activities in Clarias gariepinus exposed to

raw and diluted PDB effluent in this study demonstrates the enzymes' utility as biomarkers of
- v
A o O 4
pollutant-induced stress. The marked increase in LDH activity, especially in fish exposed to raw
o L )
PDB effluent, likely reflects hepatic cellular damage due to pollutant stress, causing enzyme

W

E%/(((&\
leakage into the serum (REF). These findings align with similar studies showing LDH elevation
in freshwater species exposed to wastewater pollutants, highlighting potential hepatotoxic effects

. L 4
o N

(REF). The restoration of these biomarkers to near-control levels in fish exposed to diluted

effluent underscores the protective potential of effluent dilution, suggesting practical applications

L\\\\\

for safe effluent integration into ‘aquaculture (REF).

o A

This study’s novel inclusion of both raw and diluted PDB effluent exposures offers valuable
‘ i

guidél\\i[)es ”fgmr effluent usage in aquaculture, emphasizing the importance of effluent

W, 00 W

|

concentration\management. Given the potential for toxic bioaccumulation, it is crucial to control
pollutant levels to safeguard fish health and, by extension, human health upon consumption.
Therefore, regulating PDB effluent levels for use in aquaculture could be a viable strategy for

balancing nutrient supply with environmental and food safety (REF).
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Suggestion for conclusion (revised):

The findings of this study contribute valuable insights into the potential utilization of PDB
effluent in aquaculture, specifically for enhancing fish metabolism and optimizing cost-effective

feeding strategies. While high concentrations of raw PDBE adversely affected catfish

L §
metabolism, a 1:10 dilution of PDBE significantly improved metabolic health, suggesting that
oy o

f

&

appropriate dilution mitigates toxicity while providing metabolic benefits.s,

& ¢
Furthermore, biomarkers such as total protein, G-6-PDH, LDH, GSJ-L and GPx

reliable indicators for monitoring PDBE pollution in aquaculture setti

gs. This research therefore

provides a foundation for developing safe guidelines for PDBE ﬁse in fish farming and offers a

" BN

practical recommendation for fish farm managers: a 1:10 dilution may be an effective practice
p Z ‘mmuux //////// .

for detoxifying PDBE, making it a viable resource for sustainable fish farming.
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