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Introduction

Rainbow trout (Oncorhynchus mykiss) is one of the most widely farmed fish species in Iran and
globally, valued for its economic and nutritional significance. However, intensive aquaculture
practices often lead to physiological stress, liver dysfunction, and increased susceptibility to bacterial
infections such as yersiniosis, caused by Yersinia ruckeri. The emergence of biotype 2 strains with
reduced sensitivity to conventional vaccines has raised concerns about vaccine failure and disease
outbreaks in trout farms (Austin et al., 2003; Kumar ef al., 2017). In recent years, medicinal plants
have gained attention as natural immunostimulants and hepatoprotective agents in aquaculture.
Elderberry (Sambucus ebulus) is one such plant, known for its flavonoid compounds with
antimicrobial, antioxidant, anti-inflammatory, and immune-boosting properties (Ivanova et al., 2014;
Ngugi et al., 2015). Previous studies have demonstrated the positive effects of dietary elderberry leaf
supplementation on blood parameters, serum biochemistry, immune response, and disease resistance
in rainbow trout (Ghiasi et al., 2023). Despite promising findings, previous research suggests that this
plant has strong potential to be introduced as a dietary immunostimulant and growth enhancer in
aquaculture. The aim of this study was to evaluate the effects of encapsulated elderberry leaf extract as
a dietary supplement to promote growth and immunity. As a complementary strategy alongside
conventional vaccines, it may play a significant role in reducing mortality and enhancing trout

production in Iran.
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Methodology

To prepare the herbal extract, S. ebulus leaves were collected from Sefrabad (Sari, Iran) and
authenticated by the Semnan Agricultural Research Center. After shade-drying, the leaves were
extracted using a modified Soxhlet method with 70% ethanol (Pavaloiu et al., 2020). The concentrated
extract was freeze-dried and microencapsulated with gelatin through high-speed homogenization.
Encapsulation efficiency and extract yield were assessed spectrophotometrically (Shu et al., 2006).
Experimental diets were formulated weekly by spraying the dissolved microcapsules onto commercial
trout feed (GF1, Beyza Co., Iran), followed by air-drying and cold storage. A total of 280 rainbow
trout (O. mykiss, 59.11£2.55g) were randomly assigned to 12 fiberglass tanks. After a 2-week
acclimation, fish were fed for 8 weeks with diets containing 0, 0.1, 0.25, and 0.5% extract, adjusted to
2-2.5% of body weight daily. At weeks 4 and 8, blood samples were collected from anesthetized fish
to evaluate hematological and immunological responses. Standard methods were used to measure
RBC, WBC, Hct, Hb, MCV, MCH, and MCHC (Blaxhall and Daisley, 1973; Seiverd, 1964), while
differential leukocyte counts were performed on Giemsa-stained smears (Lee et al., 1998). Respiratory
burst activity was assessed using luminol-based chemiluminescence (Binaii et al., 2022). Serum levels
of TP, Alb, Chol, Tri, ALT, AST, total IgM, and lysozyme activity were measured using commercial
kits and turbidimetric assays (Ellis, 1990; Binaii et al., 2014). At the end of the trial, fish were
challenged with Y. ruckeri strain MT968739 via intraperitoneal injection (Ghiasi et al., 2023).
Mortality was monitored for 14 days, and survival rates were calculated. All data were statistically
analyzed using one-way ANOVA followed by Duncan’s multiple range tests at a 95% confidence
level (Zar, 1994).

Results

Microencapsulation showed strong formulation performance, yielding 92% with an encapsulation
efficiency of 78%. Hematological profiles at weeks 4 and 8 revealed no significant differences in RBC
count, hemoglobin, hematocrit, MCV, MCH, or MCHC between treated and control groups, though
treated fish tended to display slightly higher values. In the 0.25% group, WBC count and neutrophil
percentage increased, accompanied by a reduction in lymphocytes, while other treatments followed
similar but non-significant trends. Serum biochemistry remained stable for AST and albumin across all
groups, yet treated fish generally exhibited improved profiles. Cholesterol declined slightly at week 4
and significantly by week 8 in all treatments. Triglycerides consistently decreased, while total serum
protein rose in the 0.25% and 0.5% groups. ALT levels were lower in all treatments, suggesting
enhanced liver function. Immunological responses were strengthened, with IgM levels significantly
elevated in all treated groups at both time points. Lysozyme activity increased in the 0.25% group at
week 4 and further in the 0.25% and 0.5% groups by week 8, while the 0.1% group showed a non-
significant rise. Respiratory burst activity was consistently higher, with the 0.25% group showing the
strongest response at week 4 and sustained elevations across treatments by week 8. Upon challenge

with Y. ruckeri, survival improved markedly in all supplemented groups. Fish receiving 0.1%, 0.25%,
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and 0.5% supplementation achieved survival rates of 56.67%, 73.33%, and 66.67%, respectively,
compared to only 23.33% in controls.

Discussion and conclusion

This study shows that dietary supplementation with microencapsulated herbal extract can enhance
both physiological and immunological status in rainbow trout. While hematological indices did not
differ significantly, treated fish generally displayed improved profiles. Biochemical changes, including
reduced ALT and triglycerides together with higher total protein, point to better liver function and
metabolic stability. Immunological outcomes such as elevated IgM, lysozyme activity, and respiratory
burst highlight strengthened innate immunity, especially in the 0.25% and 0.5% groups. Most
importantly, survival after Y.ruckeri challenge was markedly higher in all supplemented groups,
confirming the protective effect of the extract. Overall, the formulation proved effective in supporting
fish health and disease resistance, with the 0.25% dose delivering the most consistent benefits
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Table 1: Comparison of mean hematological indices in rainbow trout fed different levels of encapsulated elderberry
extract at the end of weeks 4 and 8 of the experiment. Data represent as mean + SE. Data in the same columns with
different superscriptare significantly different (p<0.05).

Neutrophil Lymphocyt MCHC MCH MCV Hb Hct WBC (IIEPCII :t‘;: Sl‘:f:l’
D) D) (@) g (L) (gdL™) * mm > eell mmcg) ent _ Time
6.00+2.22°" 93.83 + 1.86 ™ 16.42+0.44* 46.77+1.91* 285.53+5.28* 597+029* 36.83+0.91" 7950.00 +3.05 * 1.27+0.53* 0.1
8.00+1.86" 92.00+1.45* 16.50+0.33* 46.58 £1.57* 284.48+6.41* 6.12+0.23* 36.67+0.88" 9866.67 + 650.47" 1.30+* 0.32 0.25
4.17£1.44 95.83 +1.42*" 16.10+0.43* 46.80£1.61* 292.17+6.36* 6.01+0.18* 37.00+0.93* 7566.67 £609.19 * 1.27+0.60* 0.5 S;lj
1.50+£0.43* 98.50 £1.90 ® 16.10 +0.47* 4748 +£291°% 295.20+5.51* 5.89+0.17% 36.00£1.12*" 6666.67 £672.64 * 1.25+0.38* C Week
7.67+1.61* 92.33+ 1.61 ™ 16.78 +£0.28 * 42.15+0.66* 251.35+3.77* 586+025* 36.50+1.99* 7916.67 £256.15* 1.32+0.06* 0.1
11.17+2.07" 88.83£2.07" 17.06 £0.35"  43.43+£1.10"  254.53+3.60"  554+021"  37.67+2.04" 9333.33 £257.77" 128+0.07"  0.25 End
9.83+3.80" 90.1743.80 * 16.65+£0.27"  43.68+1.73"  262.00+7.77"  544+024"  32.83+£193" 8166.66 £190.90 * 1.43+0.13* 0.5 \;&)/f 8k
eel
1.83+0.48*" 98.17£1.17"° 14.77+£0.38"  43.07+ 1.74" 291.95+6.58"  531+0.28"  32.67+193" 7533.33+295.15* 120+0.03* C

erslEsen Hb (oo S silan tHEt s J5olS: WBC 30,8 J5lSRBC
RBC, Red blood cells; WBC, White blood cells; Htc, Hematocrit; Hb, Hemoglobin concentration
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Table 2: Comparison of mean serum biochemical indices in rainbow trout fed different levels of encapsulated

elderberry extract at the end of weeks 4 and 8 of the experiment. Data represent as mean + SE. Data in the same
columns with different superscriptare significantly different (p <0.05).

AST ALT Alb TP Tri Chol Treatment Sampelling

1UdL! 1UdL! gdL™! gdL! mgdL™! mgdL™! Time
255.45£9.29* 5.02+0.39* 2.30+0.78* 4.27+£0.24 210.33£17.49* 222.75+6.978 * 0.1
235.47+8.31* 5.53+£027* 2.60+0.73* 4.75+0.18"° 217.87+12.58* 223.60£13.75* 0.25
227.83£11.93 5.28+028% 2.58+0.91% 4.63+0.18° 205.88+15.68 * 226.13+15.258 * 0.5 End of 4
267.55£9.76 * 6.60 £0.55" 2.37+£0.99* 4.05+0.23° 273.08+13.15 " 264.65+15.66 * C Week
225.02£13.07 * 4.13+£0.29° 2.58+£0.19° 4.25+0.58° 209.17+12.72* 198.80+7.36 * 0.1
208.72+20.07 * 4.87 £0.58* 2.55+0.15° 6.17+0.37"° 199.05+8.30 * 206.57+6.91 * 0.25
190.75+19.03 * 4.25+0.38° 2.80+0.15° 535+0.57° 211.18+16.88 * 198.80+£11.98 0.5 E&(]iec;ifi
236.17£20.93 * 6.43 £0.44 " 2.38+0.28* 4.05+0.35° 304.27+£14.04 ® 238.70+8.91 P C

il gicel b ,Lwl :AAST lhawil 5 gl (uVTALT (agdT:ALD o s o 5550 TP oy Sy 5 Tl (g 7S «Chol
Chol, Cholesterol; Tri, Triglysrid; TP, Total protein; Alb, Albumin; ALT, Alanine aminotransferase; AST, Aspartate

aminotransferase
m0.1 m0.25 0.5 mC

180 - b

160 - bobv 9

140 - b b
120 - b a
= 100 - I
E 80 -

60 -

40 -

20 -

0 = T
Week 4 Week 8

4 bools . iuloiT A g F axis (yLb 5o T 4l gusS 0 lac calizko gl b ooy 45335 YT J33 oy ldlo o6 IEM ¢yl 5o (raKiloo g o 1) S
(P<o[+8) Conl 0o 3 B grdaw 50 Hlolze BB ouldd LS (ygtiow 38 50 diliio el Bg po L ilouds &1yl Hlaro Bl poxil £ . Kileo O g0
Figure 1: Comparison of total IgM levels in rainbow trout fed different levels of encapsulated elderberry extract at

the end of weeks 4 and 8 of the experiment. Data represent as mean = SE. Data in the same columns with different
superscriptare significantly different (p<0.05).
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Figure 2: Comparison of mean lysozyme levels in rainbow trout fed different levels of encapsulated elderberry extract
at the end of weeks 4 and 8 of the experiment. Data represent as mean = SE. Data in the same columns with different
superscriptare significantly different (p<0.05).
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Figure 3: Comparison of mean respiratory burst activity in rainbow trout fed different levels of encapsulated
elderberry extract at the end of weeks 4 and 8 of the experiment. Data represent as mean = SE. Data in the same
columns with different superscriptare significantly different (p<0.05).
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Figure 4: Comparison of survival rate (right) and cumulative mortality (left) in control and treated rainbow trout
following exposure to Yersinia ruckeri at the end of week 8 of the experiment
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