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KEYWORDS ABSTRACT
D Introduction: The aquaculture industry, a fundamental pillar of food security
Antioxidative . . o
and a means of meeting the ever-growing nutritional demands of human
status populations, holds a strategic position. However, the sustainable development
Ctenopharmeodon of this industry faces numerous obstacles, including a wide range of bacterial
phRATynE diseases, such that grass carp, Ctenopharyngodon idella farms in Iran are
idella currently grappling with complex biological, managerial, and health challenges.
Growth In this context, the novel approach of using phytogenic supplements and organic
acids as a safe and sustainable alternative to antibiotics, due to the detrimental
Zingiber officinale  consequences of indiscriminate antimicrobial use in culture systems, has
. emerged as a key and increasingly adopted global strategy. Among natural
Malic acid . o $ . o . .
compounds, ginger, Zingiber officinale, owing to its bioactive constituents such
Nonspecific as gingerol, shogaol, and zingerone, exhibits remarkable anti-inflammatory,
. . antioxidant, and antimicrobial properties. Furthermore, malic acid (MA), as an
immunity

organic acid, can effectively improve digestion and nutrient absorption,
particularly under high stocking densities, by reducing gastrointestinal pH and
inhibiting pathogenic bacterial populations within the intestinal tract.

Materials and Methods: In the present study, a total of 240 juvenile grass carp
with an average initial weight of 4.4 + 0.01 g were fed for 58 days under a
completely randomized design with four dietary treatments. The experimental
treatments included To: control group (without any supplement), Ti: diet
containing 0.25% MA, T2: diet containing 0.2% ginger, and T3: diet containing
a synergistic combination of both supplements (0.25% MA + 0.2% GP). The
evaluated parameters comprised growth performance (WG, FCR, SGR, PER,
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and FE), digestive enzyme activities (protease, lipase and amylase), non-specific
immune components (Ig, total IgG and lysozyme activity), and antioxidant
defense indices (GPx, SOD and CAT). Statistical analyses were performed
using SPSS (v.22) at a 95% confidence level (P<0.05).

Results: Quantitative findings from the measurements demonstrated significant
increases in WG, SGR, and PER in all supplemented treatments (T1, T2 and T3)
compared to the control group. Concurrently, these treatments led to a marked
and significant reduction in FCR (P< 0.05). Moreover, digestive enzyme
activities (particularly protease and lipase), Ig levels and lysozyme activity, as
well as antioxidant enzyme efficiencies (GPx, SOD and CAT), were
significantly elevated in the supplemented groups relative to the control. Among
these, the combined treatment (T3) exhibited the most pronounced and
statistically significant positive effects across all measured parameters
compared to the other treatments.

Discussion: The results of this study clearly indicate the positive and substantial
impact of GP and MA supplements, particularly in their synergistic
combination, on the physiological and immunological parameters of grass carp.
It appears that GP, by stimulating the secretion of digestive enzymes such as
amylase and protease, facilitates the efficient digestion of carbohydrates and
proteins, and through appetite enhancement and improvement of beneficial
intestinal microbial populations, lays the groundwork for optimal growth. On
the other hand, MA, by lowering intestinal pH, creates an unfavorable
environment for pathogenic bacteria and contributes significantly to the balance
of gut microflora. While both supplements exhibited relatively similar potency
in stimulating antibody secretion and disrupting the membranes of invading
bacteria, GP demonstrated superior efficacy in the context of antioxidant
defense, particularly in decomposing hydrogen peroxide and scavenging
reactive oxygen species. Overall, the synergy of these two nutritional agents
(T3), through their concurrent influence on growth, immunity, and antioxidant
axes, delivered a performance far beyond their individual applications, thereby
strengthening their scientific and practical recommendation.

Conclusion: In general, the present study demonstrated that dietary
supplements derived from plant sources and organic acids possess the potential
to serve as more sustainable and effective alternatives to conventional
antibiotics in aquaculture systems. The synergistic combination of GP and MA,
compared to each compound alone, exhibited considerably higher efficacy in
improving growth performance indices, enhancing the immune defense system,
and boosting antioxidant capacity. Moreover, while promoting overall fish
health and mitigating adverse environmental impacts, this combination can be
recommended as a practical and effective strategy to improve the productivity
of grass carp farming operations in the country.

*Corresponding author: afshin.ghelichi@iau.ac.ir
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Table 1 Ingredients and proximate compositions (g/kg diet) of the fish experimental diets (Adineh

et al. 2021)
Ingredients g/kg diet Proximate composition* %
Fish meal! 120 Dry matter 90.13
Soybean protein 90 Crude protein 33.36
Casein 170 Crude lipid 5.82
Gelatin 80 Ash 5.20
Corn starch 50 Energy (kcal/kg) 4044.21
Wheat flour 150 Carbohydrate 45.47
Fish oil 20
Soybean oil 20
Vitamin premix? 10
Mineral premix> 20
Cellulose 59.5
a-starch 180
Monocalcium phosphate 20
Choline chloride (50%) 10
Ethoxyquin (30%) 0.5

! Pars kilka Co., Mazandaran, Iran (Kilka powder analysis; Protein: 70-72%, Fat: 8-11%, Ash: 11.6%,

Moisture: 7-9%).

2 Vitamin premix (per kg of diet): vitamin A: 2000 IU; vitamin B, (thiamin): 5 mg; vitamin B,
(riboflavin): 5 mg; vitamin Bs: 5 mg; vitamin B1z: 0.025 mg; vitamin D3: 1200 [U; vitamin E: 63 mg;
vitamin Kj3: 2.5 mg; folic acid: 1.3 mg; biotin: 0.05 mg; pantothenic acid calcium: 20 mg; inositol: 60

mg; ascorbic acid (35%): 110 mg; niacinamide: 25 mg.

3 Mineral premix (per kg of diet): MnSO4: 10 mg; MgSO4: 10 mg; KCI: 95 mg; NaCl: 165 mg; ZnSO4:
20 mg; KI: 1 mg; CuSO4: 12.5 mg; FeSO4: 105 mg; Co: 1.5 mg.

4 Assessed based on AOAC

3 Superoxide dismutase enzyme
4 Catalase enzyme

! Immunoglobulin
2 Glutathione peroxidase enzyme
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Table 2 Comparative assessments of growth performance indices in juvenile grass carp subjected
to dietary supplementation with malic acid, ginger powder, and their synergistic combination,

relative to the control group

To T T> T3
Initial weight (g) 4.44+0.12 4.40 + 0.09 437 +0.08 443 +0.11
FW (g) 7.62+0.11*  8.18+0.13° 8.38£0.10° 8.49 +(.13¢
WG (g) 3.18 +0.20° 3.78 £ 0.22° 4.01 £0.15¢ 4.06+0.21¢
FCR 3.80 + 0.24° 3.19+0.18° 3.00+0.11¢ 2.97 £015¢
SGR (%/day) 0.96 + 0.06 1.11 £ 0.06° 1.16 £ 0.05° 1.16 £ 0.06°
S.R (%) 100 100 100 100
PER 0.79 + 0.09? 0.94 + 0.05° 1.00 + 0.02° 1.01 +£0.03°
FE (%) 26.3° 31.3° 33.3° 33.6°
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FW: finial weight; WG: weight gain; FCR: food conversion ratio; SGR: specific growth rate; SR:
survival rate; PER: protein efficiency ratio; FE: feed efficiency

Values in row assigned with different letters denote significant difference (P<0.05). Data are presented
as mean + SD.

Control group (To), 0.25% malic acid (T;) and 0.2% ginger powder (T>) in separate and in combination

(T3)

w2 09,5 9 S} 308y «Sllo sl (alis (glag )5 53 lgiile j9u8 ldlo azm (5195 Lo 35T 0 Slos gl ¥ Jgur

=55 21
Table 3 Comparative evaluation of digestive enzyme performance in juvenile grass carp across
the control, malic acid-supplemented, ginger powder-supplemented, and combined synergistic
treatment groups.

Enzyme* To T T> T3

Total protease 79.1+£9.1° 95.1 +7.1% 101.8 +3.3° 109.7 £2.7°
Amylase 7.3£0.29° 7.7+0.28° 7.9+0.37° 8.22 +0.35°
Lipase 2.09+0.17 2.04+0.18 2.17 £ 0.26° 2.2+0.15°

*Activities are expressed as follows: Total protease as mmol of tyrosine released min/mg/protein;
Amylase activity as mg starch hydrolyzed min/mg/protein; Lipase activity as mmol of substrate
hydrolyzed min/mg/protein; Values are averages + SEM, n = 3.

Different letters within a row denote significant differences (P<0.05). Control group (To), 0.25% malic
acid (T) and 0.2% ginger powder (T>) in separate and in combination (T5).
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Figure 1 Performance indices of immune factors in grass carp juveniles across control, malic acid,
ginger powder, and combined synergy group.
Control group (Ty), 0.25% malic acid (T1), 0.2% ginger powder (T>) separately and in combination (T3).
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malic acid, ginger powder, and combined synergy group.
Control group (To), 0.25% malic acid (T1), 0.2% ginger powder (T>) in separate and in combination (T3).
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