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Introduction

Aquaculture has become one of the fastest-growing sectors of global food production, playing a
pivotal role in meeting the rising demand for high-quality animal protein. Nevertheless, the
intensification of aquaculture systems, characterized by high stocking densities and exposure to
various environmental stressors, has increased the vulnerability of cultured fish to infectious diseases,
oxidative stress, and impaired growth performance. Traditionally, antibiotics have been widely used to
control disease outbreaks and improve productivity. Nevertheless, their indiscriminate and prolonged
use has resulted in serious concerns, including the development of antimicrobial resistance,
accumulation of drug residues in fish tissues, and adverse environmental impacts. These challenges
have prompted a paradigm shift toward the exploration of natural, eco-friendly altemnatives to
antibiotics in aquaculture systems. In this context, phytogenic feed additives derived from medicinal
plants have gained considerable attention due to their diverse biological properties, such as
antimicrobial, antioxidant, anti-inflammatory, and immunostimulatory effects. Among various
medicinal plants, Berberis vulgaris (barberry) is particularly notable for its rich composition of
bioactive compounds, including alkaloids (notably berberine), phenolic acids, flavonoids, and other
secondary metabolites (Harikrishnan et al, 2011a). Berberine, the principal active compound in
barberry, has been extensively reported to exhibit antimicrobial, hepatoprotective, hypoglycemic, and
antioxidant properties (Imanshahidi and Hosseinzadeh, 2008). Previous studies have demonstrated that
plant-derived compounds can enhance fish growth, modulate immune responses, and improve
resistance to environmental stressors (Shakeri et al., 2024). Despite these advantages, the application
of plant extracts in aquaculture feeds is often limited by their low stability, poor solubility, and

reduced bioavailability in aquatic environments and within the gastrointestinal tract of fish. To address
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these limitations, nanotechnology-based delivery systems, particularly nanoemulsions, have been
introduced as an innovative strategy to improve the efficacy of bioactive compounds. Nanoemulsions
are colloidal systems with droplet sizes typically ranging from 20 to 200 nm, which provide enhanced
surface area, improved stability, and increased absorption of encapsulated compounds (McClements,
2012). The use of nanoemulsified phytogenic additives has shown promising results in improving
growth performance, antioxidant capacity, and immune function in aquatic organisms. Therefore, the
present study was designed to investigate the effects of dietary supplementation with barberry (B.
vulgaris) extract nanoemulsion on growth performance, hematological parameters, and antioxidant
status in common carp (Cyprinus carpio), a commercially important freshwater species widely
cultivated around the world (FAO, 2022).

Methodology

The feeding trial was conducted using a completely randomized design comprising four dietary
treatments, each with three replicates. A total of 144 healthy juvenile common carp (C. carpio) with
an average initial body weight of 50.0+£0.5 g were obtained from a local hatchery and acclimated to
laboratory conditions before the commencement of the experiment. Following acclimation, the fish
were randomly assigned to 12 glass aquaria (40 L capacity), with 12 fish stocked per aquarium
(Golshan et al., 2018). The experimental diets consisted of a commercial basal diet containing 32%
crude protein, supplemented with barberry nanoemulsion at four inclusion levels: 0 mg/kg (control),
250 mg/kg, 500 mgkg, and 750 mg/kg of diet. The barberry extract was prepared using a
hydroalcoholic extraction method with 96% ethanol, followed by filtration. The nanoemulsion was
formulated by mixing the extract with sunflower oil and Tween 80 as a non-ionic surfactant under
magnetic stirring, followed by ultrasonication to achieve nanoscale droplet size. The mean particle size
of the nanoemulsion was determined to be approximately 105 nm using dynamic light scattering
(DLS), indicating a stable nanoemulsion system. The prepared nanoemulsion was uniformly sprayed
onto the feed pellets, and a natural binder was used to enhance adhesion. Fish were fed three times
daily to apparent satiation over an 8-week period. Water quality parameters, including temperature
(24-26°C), pH (7.2-7.8), and dissolved oxygen (6—7 mg/L), were maintained within optimal ranges
throughout the experiment, and 30% of the water was renewed daily. At the end of the feeding trial,
growth performance indices were calculated, including final body weight (FW), weight gain (WGQG),
specific growth rate (SGR), feed conversion ratio (FCR), and survival rate (Bekcan et al., 2006). For
hematological analysis, blood samples were collected from anesthetized fish via caudal vein puncture.
Parameters such as red blood cell count (RBC), white blood cell count (WBC), hemoglobin
concentration (Hb), hematocrit (HCT), and differential leukocyte counts were determined using
standard laboratory techniques (Blaxhall and Daisley, 1973). Serum samples were separated for
biochemical analysis of antioxidant and liver enzymes. The activities of antioxidant enzymes,
including superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPX) were
measured. Additionally, liver function enzymes such as alanine aminotransferase (ALT), aspartate
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aminotransferase (AST), alkaline phosphatase (ALP), and lactate dehydrogenase (LDH) were assessed
using spectrophotometric methods (Gulcin, 2020; Hoseinifar et al, 2020; Hemmat Koohsar et al.,
2024). Statistical analysis was performed using one-way ANOVA followed by Duncan’s multiple
range test, with significance set at p<0.05.

Results

The results indicated that dietary supplementation with barberry nanoemulsion had a significant
impact on growth performance and physiological parameters of common carp. Fish fed the diet
containing 500 mg/kg nanoemulsion exhibited the highest final weight, weight gain, and specific
growth rate, along with a significantly improved feed conversion ratio compared to the control group
(»p<0.05). In contrast, fish receiving the highest level (750 mg/kg) showed reduced growth
performance, suggesting a dose-dependent response and the existence of an optimal supplementation
level. Hematological analysis revealed that fish in the 500 mg/kg treatment group had significantly
higher RBC, WBC, and hemoglobin levels compared to the control and other treatments (p<0.05).
These findings indicate enhanced oxygen transport capacity and improved immune status. Although
hematocrit and certain leukocyte differentials did not show statistically significant differences, the
overall trend suggested improved physiological condition in fish receiving moderate levels of
nanoemulsion. The antioxidant analysis demonstrated that SOD activity was significantly elevated in
the 500 mg/kg group, accompanied by increased GPx activity and reduced MDA levels, indicating
enhanced antioxidant defense and reduced oxidative stress. While CAT activity did not differ
significantly among treatments, the observed increase in key antioxidant enzymes highlights the
beneficial effects of barberry nanoemulsion in mitigating oxidative damage. Furthermore, liver
enzyme activities (ALT, AST, and ALP) were significantly higher in the 500 mg/kg group compared
to the control (p<0.05), but remained within normal physiological ranges. This suggests increased
metabolic activity rather than pathological liver damage. No significant changes were observed in
LDH activity across treatments.

Discussion and conclusion

The findings of this study demonstrate that dietary supplementation with barberry extract
nanoemulsion can significantly enhance growth performance, hematological parameters, and
antioxidant capacity in common carp, particularly at the optimal level of 500 mg/kg. The improved
growth performance may be attributed to enhanced nutrient digestibility and absorption, potentially
mediated by the bioactive compounds present in barberry, such as berberine and polyphenols. The
nanoemulsion system likely played a crucial role in improving the bioavailability and stability of these
compounds, thereby maximizing their physiological effects (Shekari et al., 2024). The observed
improvements in hematological parameters reflect enhanced immune competence and physiological
resilience, which are critical for maintaining fish health under intensive aquaculture conditions.
Additionally, the enhancement of antioxidant enzyme activities and reduction of lipid peroxidation

indicate that barberry nanoemulsion effectively mitigates oxidative stress, thereby protecting cellular
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integrity and promoting overall health. However, the reduced performance observed at higher
supplementation levels suggests that excessive intake of bioactive compounds may have negative
effects, possibly due to reduced palatability or the presence of anti-nutritional factors. Therefore,
careful optimization of dosage is essential to achieve maximum benefits. In conclusion, barberry
nanoemulsion at an inclusion level of 500 mg/kg can be considered a promising natural feed additive
for improving growth performance, health status, and antioxidant defense in common carp. The use of
such phytogenic nanoformulations represents a sustainable and effective strategy for reducing reliance
on antibiotics and enhancing the productivity of aquaculture systems.
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Table 1: Results of growth indices (mean + SD) of Cyprinus carpio fed with different levels of nanoemulsion of
Berberis vulgaris

18%% FW WG SGR . o
Treatment @ ) (%) (%) FCR Survival (%)
T1 50.08 £1.1 72.51 £ 0.5 44.79 £ 2.4° 0.66 +£0.03° 1.24 £0.23% 100
T2 49.74 + 0.7 71.09 +0.5¢ 42.93 + 2 .2bc 0.62 £0.03¢ 1.27+£0.78 100
T3 51.06 £ 0.6 78.21 £1.22 53.17£3.6° 0.76 £0.02° 1.22 £0.22b 100
T4 50.31£0.6 74.01 £ 0.3 47.11 £2.7° 0.68 £0.03° 1.24 £0.50° 100

T3 2,5 eIyl 0,55 5 25 o B+ vy 0 112 5555 oyl el 5515 5 5 Jon Y0+ vl ooz TL it
SGR:o%g ol 55 WG 109 (hl¥l GeSils FW i ol 039 AW iadgl ()39 T4 2S5 Gomad galgils 0 55k 30 0,57 (oo VO - 4y 00
P12 0) ol s gime (g le] BB onimoylid (ygiw o 50 Ggliie Bg,> FCR : glie Jas oo o
T1(Basal diet), T2(Basal diet +250 mgkg' Barberry nanoemulsion), T3(Basal diet + 500 mg kg ' Barberry nanoemulsion),
T3(Basal diet + 500 mg kg Barberry nanoemulsion). TW: Initial weight; FW: Final weight, WG: Weight (%amer; SGR: Specific
growth rate; FCR: Food conversion ratio. Different letters in each row indicate a statistically significant difference (p<0.05).
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Table 2: Hematological parameters (mean £ SD) of common carp (Cyprinus carpio) fed diets containing different
levels of barberry (Berberis vulgaris) extract nanoemulsion

RBC (x10°)  WBC (x10%) Lymphocyte Neutrophil Monocyte

Treatment  ismm®) (cells.mm®) 1P (@/dL)  HCT (%) (%) (%) (%)
Tl 1665+ 115 29.67+104° 5.16+0.18% 3.0£00°  70.67=241°  21.67=1.08% 1.64+037°
T2 17.00 + 3.50° 39.65 + 2.08° 3.90 + 1.38" 20+£1.02 71.31 £2.5102 20.00 £2.00®> 229 +0.542
™ 25304152 48.67+ 1420 7.60+168 20+£00°  7267+1.55  2560+£241%  2.35+0.67°
T4 15234057 2933+1.52° 653+£030° 3.0+1.0°  71.00£2.64°  19.00£2.00° 1.64+1.13°

T3 5555 a3l o555 o 5 o 07+ radly o502 T2 355,595 I516 0,518 1o 0,5 oo Y0+ vy o AT il oy
HCT 2y ,Sgilon « Hb 1y 0slg00 « WBC roiis JoulS ¢ R—BC 30,8 Joud8 T4 :Ss )5 g solgil p,55LS 10 0,5 Lo YO« 440l 0>
O<1-0) el o gixe (g el BB onimoylis fygiw o 10 Sglae By,
T1 gBasal diet), T2(Basal diet + 250 mg.kg™! Barberry nanoemulsion), T3(Basal diet + 500 m(%.k -! Barberry nanoemulsion),
T3(Basal diet + 500 m%chgrl Barberry nanoemulsion). Red Blood Cell: RBC; White Blood Cell: WBC; Hemo%lobm: HB;

Hematocrit: ; Different letters in each row indicate a statistically significant difference (p<0.05
Ol s bl wcesl 039) S5 gemndgalgil ojlas ST 5T gloes 5T
o ,» AST 4 ALT.ALP .SOD 6LmM;T cdles 6&’@:‘.}3] 5 GS (_;me.i)’ﬂ el e mlbs
Sgr logme A Gl wely e L jles o) wmls el sals @l Y Jaas o Sl sl
bae il plo cdled Gl yo Ly (<10 0) Olee (b Sl o) 4 &5 wadee (LS Joux
aals Jled b gylogme gl (LDH.GPX.CAT) adllas cpl o oudig Skl ‘_gl.mp.i)’ﬂ ol collss
P<-1+8) aii eaalis (T3) pSokS ;5 o5 ke 00 ol Jlod & Lguye

alio g ghuw b ouds 41345 (Jgoro ygu5 olo (i Bl pilF (2Kilao) (S |51 9 (605 (slas 3T cadlad yl5n0 Y Jguir
Table 3: Amount of liver and antioxidant enzyme activity (mean + SD) of Cyprinus carpio fed with different levels of
nanoemulsion of Berberis vulgaris

Treatment CAT SOD GPX LDH ALP ALT AST
(UML) (U/ML) (UML) (U/L) (U/L) (U/L) (U/L)

T1 0.25+0.032 27.0+1.0° 11.0 £ 0.0 26.31 £3.41® 31.67 £2.31° 3.65+0.37¢ 5.0+7.53¢

T2 0.25+0.032 26.64+1.52°  11.0+£1.0% 27.67 £ 1.0 76.0 £3.02 19.0 £2.0° 25.0+1.0°

T3 0.28+0.03* 36.6+1.52* 13.0£1.0* 29.67 +1.0° 79.0 £5.02 29.0+2.02 27.0+1.0°

T4 0.25+0.01* 20.0+1.0° 10.0£1.0° 25.0+£1.42° 31.0£1.0° 14.0 £3.0¢ 9.0 £1.0°

T3 15555 Gaedsalsls pyS3hS o )5 oo B+ vl 0 T2 1555 Cgdsolyll o SoLS 1o 0,8 oo YO+ vl oy T il o or
OIS GPX: 5ot 5 455668 SSOD 156 ganns 9unST 9 <CAT: VU T4 2S5 gmad solgil p S5LS 10 0.5 Lo YO+l 0 >
0o LES gt 2 0 Siglate g, LDH 15654 0000 LS AST :jl ansl 5gicel b Ll (ALT 35l ausl Sgical (p¥T (ALP 556l
D<A 10) Sl o e (5 loT M
T1 gasal diet), T2(Basal diet + 250 mg.kg! Barbe nanoemulsion% T3(Basal diet + 500 mg.kg'! Barberry nanoemulsion),
T3(Basal diet + 50! m}gl.lkg'1 Barberry nanoemulsion). Catalase: CAT; Superoxide dismutase: SOD; Glutathione peroxidase:

GPX; Alkaline Phosphatase: ALP; Alanine Aminotransferase: ALT; Aspartate Aminotransferase: AST; Lactate
Dehydrogenase: LDH. Different letters in each row indicate a statistically significant difference (p<0.05).
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