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Abstract

The present study investigated the impact of humic acid on the growth, blood parameters, and
antioxidant capacity of common carp (Cyprinus carpio). Fish were fed twice a day until
saturation with increasing doses of humic acid at 0.0, 0.2, 0.4 and 0.8%. In a 60-day feeding
treatment, FW, WG and SGR values (41.37+0.87, 23.26+1.01, 1.37+0.05 respectively) of the
group with 0.4% humic acid had statistically greater values compared to the control group (p <
0.05). RBC (red blood cell), WBC (white blood cell) and Hct (haematocrit) parameters were
evaluated for haematological analyses, the WBC value of the group fed 0.2% and 0.4% humic
acid (20.62+3.74, 21.43+1.50 respectively) increased significantly (p < 0.05). However, serum
biochemistry parameters did not show any statistical difference (p > 0.05). The SOD analysis
evaluated to determine the antioxidant capacity showed that the group fed 0.4% and 0.8% humic
acid had higher values than the control (72.78+3.38, 71.634£5.01 respectively). Our results
indicate that 0.4% humic acid as a feed additive for carp can improve growth parameters,
antioxidant capacity, and general health.
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Introduction

Aquaculture has become one of the world’s fastest-growing animal food production industries
due to the high nutritional value of aquatic organisms and the general increase in the awareness
of healthy nutrition (Atamanalp et al., 2021). Therefore, global fisheries and aquaculture
production will play an increasingly important role in providing food and nutrition in the future.
In 2020, the common carp (Cyprinus carpio) was the fourth most cultivated species in the world
and comprised 8.6% of the production of the leading aquaculture species (FAO, 2022). Carp
cultivation in the Asian region is increasing due to its rich nutritional content and delicious taste
(Zhang et al., 2021; Wang et al. 2015). However, intensive aquaculture to meet the demand and
maximize profitability results in increases in stocking density and subsequent deterioration in
water quality, stressed fish, and the danger of pathogens (Abdel-Latif & Khafaga, 2020). The
sustainability of the global aquaculture industry is severely constrained by unfavorable
conditions and the spread of infectious diseases, resulting in severe economic losses for farmers.
Therefore, stimulating the fish immune system by prophylactic approaches is becoming
increasingly important (Meinelt et al., 2008). With the increasing development of resistance to
chemical substances used for therapeutic purposes, the importance of animal welfare and
increasing social awareness of environmental protection, alternative treatment options, and
immunostimulants that do not leave residues in the environment have become one of the main
topics of study in aquaculture (Lieke et al., 2019). These low-cost alternatives aiming to
improve feed quality and health performance include additives such as phytogenic compounds,
enzymes, essential oils, organic acids, probiotics, and prebiotics (Bharati et al., 2019;
Alemayehu et al., 2018). Humic substances, the main component of natural organic substances,
result from biomolecules' physical, chemical, and microbiological transformation.. These
ubiquitous substances constitute 95% of dissolved organic matter in aquatic ecosystems (Licke
et al., 2019; Thurman, 1985; Haitzer et al., 1998; Steinberg, 2003) and are compatible with all
forms of aquatic life (Gao et al., 2017). Humic substances are widely used in agriculture and
biomedicine owing to their antiseptic, antifungal, antioxidant, antimicrobial and detoxifying
properties (Rupiasih & Vidyasagar 2005). Humic substances are considered to be part of the
natural environment of the fish due to their water origin. This means that the fish's defence
systems identify these natural xenobiotics. This makes humic substances an ideal alternative
additives (Lieke et al., 2019). Humic substances are divided into three main groups according
to their water solubility and molecular weight at different pH levels (Pettit, 2004): humic acid,
fulvic acid and humin (Lieke et al., 2019; Stevenson, 1982). Humic acids can show antiviral
and anti-inflammatory properties, antioxidant activity, immune system stimulation, and metal
chelation owing to the phenol, hydroxyl and carboxyl groups they contain (Deng et al., 2020;
Gao et al., 2017). Quinones, which have fungicidal/bactericidal properties, is responsible for
the production of reactive oxygen (ROS) species in humic acids, which are essential for healing
wounds. Carboxylic acids, especially phenolic groups with free radical scavenging capacity,
are responsible for humic acid's antioxidant and anti-inflammatory properties (Gomes de Melo
et al., 2015). Also, via its metal chelating feature, by transition metal catalysis, humic acid can
control lipid peroxidation and DNA fragmentation by preventing the formation of free radicals
(Marcinc¢ak et al., 2023; Melo et al., 2016). Due to its chemical constituents, which include
proteins, vitamins, digestive enzymes, and different antimicrobial and immunostimulating
chemicals, humic acid significantly increases animal production (Turan & Turgut, 2020). Due
to their antiviral activity, they improve the pH in the digestive system and reduce the number
of infections in the environment by preventing pathogens from attaching to the flora (Cetin et
al., 2006). It has been reported that humic substances used in aquaculture improved feed intake
and growth, increased resistance to diseases, improving the health and welfare of the fish, and
faster recovery from disease damage in C. carpio (Heidrich, 2005; Kodama et al., 2007; Abdel-
Wabhab, 2012; Sharaf & Tag, 2011); Carassius aurata (Heidrich, 2005); Dicenctarchus labrax
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(Soytas, 2015); Plecoglossus altivelis (Nakagawa et al., 2009); Oncorhynchus mykiss (Y1lmaz
et al., 2018a; Yilmaz et al., 2018b); Oerochromis niloticus (Deng et al., 2020). However, there
are only limited studies on the antioxidant properties of humic acid (Adekunle & Ajuwon 2010;
Deng et al., 2020; Prokesova et al. 2021).

Recent aquaculture applications of organic acid additives such as humic acid have created a
new and practical approach to strengthening immune systems for immunocompromised
organisms in intensive farming environments, achieving faster growth in a short time, and
maintaining overall health. The current study aimed to investigate the effects on growth
performance and general health status of carp and the antioxidant capacity of different doses of
humic acid used as a feed additive.

Material and Method

Experimental Diets

Humic acid (powder form) was purchased from FUJIFILM Wako Pure Chemical Corporation
(Osaka, Japan). The feed content was calculated according to the oil and protein ratios required
by carp, namely about 35% protein and 9% oil. A two-mm diameter feed was made. First, the
powder form was mixed in a drum mixer for thirty min. During the oil mixing process, fish oil
and soybean oil were put into a beaker, and humic acid was added to the oil mix and mixed
with a mixer plate for 30 min. The process was continued by removing starch at the same rate
from the groups to which humic acid was added (Table 1). Finally, it was dried in a freeze-
dryer for one day.

For the treatment groups, increasing doses of humic acid were added to the feed at rates 0of 0.2%
(02HA), 0.4% (04HA), and 0.8% (08HA). Four groups with triplicate were formed, including
the control group (OHA-without humic acid).

Table 1. Dietary formulation (%) and proximate composition of diet (%)

Ingredients (%) OHA 02HA 04HA 08SHA
Fish meal ? 10 10 10 10
Soybean meal 20 20 20 20
Corn gluten meal 25 25 25 25
Wheat flour 15 15 15 15
Soybean oil 2 2 2 2
Fish oil ® 4 4 4 4
Cellulose 4 4 4 4
Alpha starch 15 14.8 14.6 14.2
Humic acid 0 0.2 0.4 0.8
MCP 1 1 1 1
Mineral premix ¢ 2 2 2 2
Vitamin premix ¢ 2 2 2 2
Feed Proximate
Analysis (%)
Protein 35.77+0.03 35.56+0.03 35.71+0.30 36.15+0.18
Lipid 9.34+0.10 9.46+0.14 9.09+0.24 9.50+0.03
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Moisture 4.04+0.01 5.32+0.05 5.77+0.03 3.67+0.23

Ash 5.14+0.09 5.04+0.01 4.98+0.03 5.234+0.01

2Fishmeal (Prime grade Peruvian anchovy meal, Diamante Co., Peru)

® Highcarol-E (Kanematsu Shintoa Foods Co. Ltd, Tokyo, Japan).

¢ Mineral mixture compostition (g/kg™!): Sodium chloride 50; magnesium sulphate 745; iron
(III) cirtrate n-hydrate 125; trace element mix 50; cellulose 30 [trace element mixture contains
(g kg'!): zinc sulphateheptahydrate 353; manganese sulphate 162; copper (II) sulphate
pentahydrate 31; aluminum chloride hexahydrate 10; cobalt chloride hexahydrate 10; cobalt
chloride 3; potassium iodate 1; cellulose 440.

4Vitamin mixture composition (unit kg™'): Vitamin D3, 2,420,000 1U; Vitamin K3, 6,050 mg;
thiamin, 3,025 mg; riboflavin, 3,630 mg; pyridoxine, 2,420 mg; cyanocobalamine, 6 mg; I-
ascorbic acid, 368,900 mg; nicotinic acid, 24,200 mg; d-pantothenic acid, 6,050 mg; inositol,
121,000 mg; dbiotin, 363 mg; folic acid, 908 mg; para-aminobenzoic acid, 3025 mg.

Fish and Experimental Design

Common carps (20-50 g) were obtained from the Yoshida Research Station, Tokyo University
of Marine Science and Technology, Shizuoka, Japan and transferred to a recirculating
freshwater system. The health status of fish, normal physical form and coloration, the formation
of cysts or spots on the body and gills, behavioral movements such as swimming and feeding
reflexes were visually checked. Prior to the feeding trial, experimental fish were hand-fed twice
a day using a commercial diet for adaptation period. For the humic acid group, 216 fish were
used for the feeding trial with four treatment groups in a triplicate-random design. Experimental
fish with an initial mean weight of 18 g were randomly distributed into twelve fiberglass
aquariums 18 fish in each tank. Throughout a 60-day feeding trial, fish were hand-fed to visual
satiation two times a day (10.00 a.m., and 5.00 p.m.). A 12L:12D light-dark cycle photoperiod
was applied during the trial. Water quality parameters throughout the experiments were
recorded 21-22 °C temperature, 7.2 pH, 0.2—-0.5 mg/L ammonium and 0.02-0.04 mg/L nitrite.
50 % of the water was changed every day.

Blood Sampling

At the end of the 60-day feeding treatment, blood samples were taken for hematological and
immunological analysis. Here, three fish (nine fish per group) from each tank were randomly
caught and processed quickly after the fish were starved for one day. They were anesthetized
with 35 mg/1 ethyl-4-aminobenzoate (Wako, Japan). After blood collection from the caudal vein
of each fish, blood samples were centrifuged to make serum at 5000 xg for 10 min. Serum
samples were stored at -80 °C until analysis. In addition, blood was collected from nine different
fish using heparinized syringes for hematological analysis.

Growth Performance

After 60 days, the fish, which were starved for one day, were weighed individually. Utilizing
the data from initial weight, final weight, total feed consumption and protein ratio of feed,
weight gain (WG), specific growth rate (SGR, % per day), feed conversion rate (FCR) and
protein efficiency rate (PER) was calculated according to the formulas.

Haematological Parameters

Manual methods were used for RBC and WBC counts. The Natt-Herrick solution was first
prepared (Natt and Herrick, 1952). Ten microliters of blood sample were added to 2 ml of Natt-
Herrick solution (200xdilution). Then, the numbers of erythrocytes and leukocytes were
counted using Burker hemocytometers at 400X magnification (McKnight, 1966; Yilmaz et al.,
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2016). Haematocrit analysis was performed using the microhematocrit method and haematocrit
centrifuge (Tomy HC-12A). Here, blood samples were placed into heparinized glass
haematocrit tubes and centrifuged at 12000 xg for 5 min. Measurements were calculated as a
% (percentage) using a haematocrit reader.

Biochemical Analysis

The serum samples were analyzed for biochemical parameters in an automated chemical
analyzer Hitachi 7020 (Hitachi, Tokyo, Japan) using commercial reagents obtained from Wako
(Osaka, Japan). Measured parameters included aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), urea nitrogen (UN) (Urease-GIDH
method), total cholesterol (TCHO) (Cholesterol oxidase-HMMPS method), high (HDL-C) and
low (LDL-C) cholesterol. All samples were analyzed on the same day samples were collected.

Antioxidant analysis (SOD assay)

A commercial test kit (Dojindo S311 SOD, WST) was used for SOD analysis. Briefly, 200 pL
of WST solution was added to 20 puL of serum, followed by the addition of 20 uL of enzyme
solution. The samples were then incubated at 37 °C for 20 minutes. Then, readings were made
at 450 nm. The results were evaluated as % inhibition.

Statistical Analysis

SPSS software was used for statistical evaluation of all analysis. For this, significance was set
at p < 0.05. One-way analysis of variance (ANOVA) was used for the data and the resultant
values were presented as Means + Standard Error of Mean (SEM). In case of homogeneity of
variances, Tukey's multiple comparison and Duncan test were used; otherwise, a Tamhane and
Games-Howell post hoc test were applied.

Results

Growth Performance

All experimental groups were observed at each feeding and it was assured that all of them ate
to satiation. During the treatment period, no visible signs of disease were visible in any of the
tanks. Weight gain, specific growth rate, feed conversion rate, and protein efficiency rate were
calculated for growth performance evaluation. According to these evaluations, the FW, WG,
and SGR values of the 04HA group (with feed containing 0.4% humic acid) showed statistically
higher values (41.37+0.87, 23.26+1.01, 1.37+0.05 respectively) compared to the control (p <
0.05). While a statistical difference was observed in the 08HA group (p < 0.05), no difference
was observed in the 02HA group (p > 0.05) in the FW value. No difference was observed
between the groups in FCR and PER values (p > 0.05) (Table 2).

Table 2. Growth performance of common carp (Cyprinus carpio) when fed diets with varying
levels of dietary humic acid (0%, 0.2%, 0.4%, and 0.8%) was observed after 60 days.

0HA 02HA 04HA 0SHA
IW (g) 17.72+0.09 17.57+0.15 18.10+0.32 18.22+0.09
FW (g) 35.77+1.02° 36.12+1.08° 41.37+0.87% 40.35+0.922
WG (g) 18.0441.06° 18.554+0.93° 23.26+1.012 22.13+£0.57®
FCR 1.89+0.06 1.76+0.07 1.84+0.05 1.86+0.02
SGR (% d™) 1.17+0.05° 1.2040.04% 1.37+0.05° 1.334+0.02%
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PER 1.54+0.52 1.70+0.07 1.61+0.04 1.55+0.01

Survival Rate (%) | 100 100 100 100

Values (mean + SEM, n = 3). Different letters in the same line indicate significant differences
within groups (p < 0.05). IW (initial weight), FW (final weight), WG (weight gain), FCR (feed
conversion ratio), SGR (specific growth rate), and PER (protein efficiency rate). (WG) = Final
fish weight (g) - Initial fish weight (g), (SGR) = 100 (In (final fish weight)) - (In (initial fish
weight))/experimental days, (FCR) = feed intake (g) /weight gain (g), (PER) = weight gain (g)
/protein intake (g)

Haematological Variables

Haematocrit, RBC and WBC values were evaluated. Although the RBC value was quantitively
higher in the 02HA and 04HA groups, RBC and haematocrit values were not statistically
different between the groups. The WBC values of the 02HA and 04HA groups showed higher
values compared to the other groups (p < 0.05). In addition, There was a statistical decrease in
the 08HA group compared to all other groups (p < 0.05) (Table 3).

Table 3. Haematological variables of common carp (Cyprinus carpio) when fed diets with
varying levels of dietary humic acid (0%, 0.2%, 0.4%, and 0.8%) was observed after 60 days.

0HA 02HA 04HA 0SHA
RBC (10%/mm?) 3.82+0.15 5.43+1.06 4.98+0.62 4.45+0.18
WBC (10°/mm?) 14.3742.62% 20.62+3.74% 21.43+1.50° 8.35+1.65°
Hct (%) 36.33+£1.86 37.22+1.72 36.22+1.35 36.33£1.15

Values are mean + SEM (n = 9). Different letters in the same line indicate significant differences
within groups (p < 0.05). Variables are RBC (red blood cell) count, WBC (White blood cell),
Hct (haematocrit). WBC= leukocyte count x 200/ (9x0.1x1 000), RBC= erythrocyte count x
200x5/(0.1x1 000 000)

Serum Biochemical Variables

Aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), urea nitrogen (UN), total cholesterol (T-CHO), high (HDL-C) and low (LDL-C)
cholesterol for serum biochemistry results were evaluated. According to the results shown in
Table 4, no statistical difference was observed between the groups (p > 0.05).

Table 4. Biochemical parameters of common carp (Cyprinus carpio) when fed diets with
varying levels of dietary humic acid (0%, 0.2%, 0.4%, and 0.8%) was observed after 60 days.

OHA 02HA 04HA 08HA

AST (U/L) 336+84.03 516£196.22 365.33£97.33 284+34.02
ALT (U/L) 9.33+1.33 16+4.00 13.33+1.33 12+2.31
ALP (U/L) 137.33+£9.61 138.67+16.38 | 128+6.11 137.33£19.91
UN (mg/l) 3.6+0.23 2.67+0.13 3.33+0.13 3.6+0.83
T-CHO (mg/dl) | 171.04+13.44 144.25+11.69 | 168.41+13.64 176.08+15.57
HDL-C (mg/dl) | 124.13+11.74 109.6+7.94 122.93+7.08 129.2+8.4
(omom . = S
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LDL-C (mg/dl) | 106.27+9.96 93.07+6.37 98.13+£5.28 109.73+8.44

Values are mean + SEM (n =9). Different letters in the same line indicate significant differences
within groups (p < 0.05). Variables are GOT (glutamic oxaloacetic transaminase), GPT
(glutamic pyruvic transaminase), ALP (alkaline phosphatase), T-COL (total cholesterol), HDL-
C (high-density lipoprotein cholesterol) and LDL-C (low-density lipoprotein cholesterol)

Antioxidant Capacity

SOD (superoxide dismutase) analysis was evaluated to determine the antioxidant capacity of
humic acids. All treatment groups showed an increase compared to the control. The groups
containing 0.4% and 0.8% humic acid showed statistically high values compared to the control
(p <0.05). No statistical change was observed in the 02HA group (p > 0.05) (Table 5).

Table 5. Antioxidant parameter of common carp (Cyprinus carpio) when fed diets with varying
levels of dietary humic acid (0%, 0.2%, 0.4%, and 0.8%) was observed after 60 days.
OHA 02HA 04HA 08HA

SOD (% inhibition) 51.81+1.35° 62.79+5.91% 72.78+3.38* 71.63+£5.012

Values are mean + SEM (n = 9). Different letters in the same line indicate significant differences
within groups (p < 0.05). Variable is SOD (superoxide dismutase)

Discussion

The search for alternative additives to enhance growth and improve the health and welfare of
fish has been the recent focus of aquaculture. Alternative additives such as organic acids
increase mineral absorption by reducing feed and intestinal pH. It also prevents the colonization
of harmful bacteria in the intestines and increases the utilization of nutrients. In addition, the
hygienic quality of feed increases in an acidic environment, and the loss of nutritional value
decreases (Ng & Koh, 2016).

Humic acids adhere to the mucous epithelium in the digestive system and form protective films
against infections and pathogens, thus protecting the intestinal flora and helping to improve the
digestion of nutrients (Y1ilmaz et al., 2018b; Islam et al., 2005). Hence, humic acids provide a
higher food conversion rate, significantly improving growth performance parameters (Islam et
al., 2005).

In our study, FW, WG, and SGR values showed a statistically significant increase in the group
fed 0.4% humic acid. Consistent with the positive effects of growth parameters obtained in our
study on humic acid, Abdel-Wahab et al. (2012) reported that carp fed with three different doses
of humic acid (0.4, 0.8, and 1%) showed the highest value of body weight gain and condition
factor in high dose groups. In a 55-day study conducted by Turan and Turgut in 2020, they
found that Carassius auratus fish showed significant improvements in FCR values when fed
with leonardite at a rate of 25g kg™ and 5g kg™!, a substance containing a high amount of humic
acid. In C. carpio fed with humic acid (1%, 3%, 5%) additive for 21 days, all groups showed
an increase compared to the control, while the highest body weight gain was observed in the
1% supplemented group (Rousdy & Wijayanti, 2015). In addition, although positive effects on
growth were observed in studies on C. carpio (Sharaf & Tag, 2011) and sturgeon (Vasiliev et
al., 2020), in studies on Dicentrarchus labrax (Soytas, 2015) and Oncorhynchus mykiss (Y1lmaz
et al., 2018a) no contribution of humic substances on growth was observed. Also, There was
no statistical difference in the growth parameters of Clarias gariepinus fed with commercial
humic substances (1%, 3%, 6%) (Prokesova et al., 2021). These different findings show that
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the effect of humic acid may depend on the species, time, and doses used. Similar to other
studies evaluating the effect of humic acid on carp, in our study humic acid addition to feed
contributed to WG and SGR of carp. The digestibility and transfer of nutrients affect feed
utilization and growth in fish (Esmaeili et al., 2017). Thus, additives such as humic acid, which
increase nutrient digestion, can stimulate digestive enzymes and contribute to growth.

Hematological analyses are the most important techniques used to determine general fish health
and physiological state and are considered indicators of diseases, nutritional deficiencies, and
stress caused by adverse environmental conditions (Witeska et al., 2016). These values change
during periods of infection and are widely used to detect the adverse effects of diseases (Ispir
et al., 2004). RBC is responsible for carrying oxygen to the gills and tissues. Elevated RBC
values contribute to the health and growth of the fish by providing better oxygen delivery to the
tissues (Esmaeili, 2021). Decreases in RBC and Hct ratios are indicators of anemia (Blaxhall &
Daisley, 1973). In addition, since there is a decrease in erythrocytes in fish exposed to
pathogens, they are an essential criterion for understanding the health status of fish (Yilmaz,
2017). WBC, a necessary part of innate immunity, plays a vital role in body defense and
combating disease agents by phagocytosis (Y1lmaz, 2017).

Humic acid improves immunity and stress management via its many beneficial effects,
including antibacterial, antiviral, and anti-inflammatory properties (Islam et al., 2005). In this
study, RBC and hematocrit values did not differ between the groups, but WBC values increased
significantly in the 0.2% and 0.4% humic acid groups. Similar results were seen in feeding
studies on O. mykiss when 0.1, 0.2, and 0.4% rates of commercial FARMARIN composed of
humic substance components (Yilmaz et al., 2018a) and 0.3, 0.6 and 1.2% rates of humic acid
sodium salt (Yilmaz et al., 2018b) were added to the feeds, no significant changes were
observed in hematological values such as RBC, Hct and Hb. However, Rousdy and Wijayanti
(2015) reported a significant increase in erythrocyte and hematocrit values with 1% humic acid,
while the highest leukocyte values were observed in feed containing 3% humic acid. In the
humic acid (0.25, 0.50, 0.75, and 1.5%) study on D. labrax, the RBC, Hb and Hct values of the
0.50% group were greater than the groups infested with Amyloodinium spp (Soytas 2015).
However, the haematological values decreased in the groups that received higher doses of
humic acid, as previously documented by Soytas (2015).

In these previous studies, conditions such as fish species used, treatment doses applied, and
environmental factors may have caused differences in haematological values. In our research,
the high WBC values of the group containing 0.2% and 0.4% humic acid may indicate that the
doses used can improve immune defense and respond better to stress factors. It was also
observed that the RBC values of the 02HA and 04HA groups were quantitively higher than the
control, although not significantly so. Notably, when compared with the growth performance
of the 04HA group, this may support the linear relationship between RBC increase and growth.

Serum biochemistry parameters are valuable indicators of the health status of animals fed with
feed additives (Yilmaz et al., 2018b). The serum enzymes AST, ALT, and ALP are indicators
of damage to tissues and organs (Campbell et al., 2004). These liver enzymes are evaluated for
diagnosing liver problems (Campbell et al., 2004; Hart et al., 2010). AST, ALT, ALP, UN, T-
CHO, HDL-C, and LDL-C were evaluated in serum biochemistry analysis in our study, with
no significant changes in experimental groups.

Consistent with our study of humic acid treatment, no significant changes were observed in C.
gariepinus serum biochemistry parameters following the feeding of humic additives (1, 3, and
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6%) (ProkeSova et al., 2021). Although there was no statistically significant change in AST,
ALT, CHO, and ALP values in O. mykiss, the triglyceride level decreased compared to the
control (Yilmaz et al., 2018b). While the CHO value did not change in the study on D. labrax,
GLU, TPROT, ALB, and GLO parameters were lowest in the group containing 0.75% humic
acid additive (Soytas, 2015). Given the wide range of experimental variables seen in previous
studies, it is safe to conclude that adding humic acid to feed does not adversely affect the general
health of the fish and does not cause any damage to internal organs.

Antioxidants are substances that protect cells from damage caused by free radicals and prevent
oxidative damage by neutralizing electrical charges (Goel & Dhingra, 2021). Humic substances
can effectively eliminate free radicals by utilizing functional groups, such as hydroxyl and
phenolic hydroxyl, which they contain (Deng et al., 2020). They also induce biotransformation
enzyme activities and affect antioxidant defense in fish (Yurchenko & Morozov, 2022).
Improvement in defense system enzymes such as SOD, CAT, and GST, needed to maintain the
complex fish immune system, may increase the possibility of overcoming environmental stress
(Deng et al., 2020). To determine the antioxidant capacity of humic acid, the SOD enzyme, one
of the important components of the antioxidant defense system, was evaluated. Our SOD
analysis found all treatment groups having quantitively higher values than the control, while
the antioxidant capacity of the 04HA and O8HA groups were significantly higher.

Studies on feeding-related antioxidant values of humic substances in fish are limited. Adekunle
and Ajuwon (2010), exposed Clarias gariepinus to different levels of humic acid (100, 250,
500, and 1000 mg/1). In SOD, CAT, and GSH analyses performed to evaluate antioxidant levels,
all treatment groups decreased compared to the control. In a study where sodium humate was
added to Oreochromis niloticus (GIFT) diets at 0.1, 0.2, 0.4, and 0.6%, no significant
relationship was recorded in SOD, CAT, GPx, and ACP activities, although an increase in GSH
and AKP activity was observed as the doses increased. (Deng et al., 2020). Although GSH and
GSSG ratios of fish fed for 56 days with 1, 3 and 6% humic acid were not statistically
significant, the GSH/GSSG ratio was higher with 3% humic acid compared to the other groups
(Prokesova et al., 2021).

Many studies have reported that an increase in SOD and CAT enzymes is directly proportional
to increasing immune response (Zhou et al., 2010; Park et al., 2016). Thus, an improvement in
antioxidant enzymes levels may increase the probability that fish can overcome environmental
stress (Deng et al., 2020). Our results show that a feed additive of 0.4% and 0.8% humic acid
can improve the antioxidant defense activity and enhance antistress capability. The positive
effects of humic substances on animal health are well known. These alternative additives can
reduce the physiological problems caused by stress and strengthen immune responses.
However, some studies have failed to document these positive effects. Although the alternative
additives we used are similar to other studies, the literatures are replete with great variability in
methods, such as; different species and sizes of fish, different doses administered, dosing
technique, feed composition, experimental physical conditions and experimental season.
Accordingly, the findings obtained in our study cannot be fully compared with the findings in
the literature.

Conclusion

In addition to the fact that humic acid increases growth and reaches market size quickly,
strengthens immunity, and provides resistance to diseases, its eco-friendly, easily accessible,
and low rates of effect, reducing antibiotic and chemical costs, makes humic acid a sustainable
and economical alternative. In our 60-day study, the groups containing 0.2% and 0.4% humic
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acid with high WBC values had a better immune response. Notably, the 0.4 % humic acid group
displayed solid increases in WBC and SOD enzymes, with a concomitant decrease in oxidative
stress effects and stimulated immune response. The growth performance, hematological value,
and antioxidant capacity in the 0.4 % humic acid group contributed to the growth and health of
the fish. Therefore, incorporating humic acid into fish feed can promote fish health and growth
while maintaining ecological and economic sustainability.
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