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Abstract

The present study investigated the effects of dietary supplementation with Chaste Tree (Vitex agnus-castus L.)
seeds extract on the growth performance, and digestive enzyme activities of rainbow trout (Oncorhynchus mykiss).
A total of 300 fish were randomly divided into five groups, each receiving a diet containing: 0 mg/kg (control), 50
mg/kg (CV50), 100 mg/kg (CV100), 150 mg/kg (CV150), and 200 mg/kg (CV200) of Chaste Tree (Vitex agnus-
castus L.) extract for a period of 8 weeks. The results indicated that dietary supplementation with Chaste Tree
extracts significantly improved growth performance, as evidenced by increased weight gain, specific growth rate,
and feed conversion ratio. Additionally, the activity of digestive enzymes such as trypsin, lipase, and amylase were
enhanced in fish-fed diets containing Chaste Tree extract. These findings suggest that Chaste Tree extract can be
used as a potential growth promoter in rainbow trout, improving their overall health and performance.

Keywords: Chaste Tree (Vitex agnus-castus L.), Growth, Digestive Enzyme, Rainbow Trout (Oncorhynchus
mykiss).
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Introduction
Rainbow trout (Oncorhynchus mykiss) is one of the most important species in aquaculture due to its high nutritional
value and market demand (Stratev et al. 2018). However, the intensive farming practices often lead to stress, which
can negatively impact the growth, health, and immune responses of the fish (Salem et al. 2022; Tagtan and Salem
2021). To mitigate these adverse effects, various dietary supplements have been explored to enhance the growth
performance and immune responses of (ALI, Bilen, and Giiney 2022; Lakwani et al. 2022; Salem et al. 2023).
Among these, plant extracts have gained significant attention due to their potential to improve fish health and
performance (Assar et al. 2023; Bilen et al. 2020; Mahasneh et al. 2024; Salem et al. 2023; Shahin et al. 2019).
Chaste Tree (Vitex agnus-castus L.), a member of the Lamiaceae family, is a widely used herb in traditional
medicine for its various therapeutic properties, including antioxidant, anti-inflammatory, and immunostimulatory
effects (Kadak and Salem 2020). The active constituents of herb include flavonoids, rosmarinic acid, and essential
oils, which are responsible for its biological activities (Balasundram, Sundram, and Samman 2006; Mohamed et
al. 2014). Previous studies have reported the beneficial effects of plant extract on growth performance and immune
responses in many animals (Kuebutornye et al. 2024; Reverter et al. 2014), but Chaste Tree potential in aquatic
species, particularly in rainbow trout, remains largely unexplored.
The present study aimed to evaluate the effects of dietary supplementation with Chaste Tree (Vitex agnus-castus
L.) extract on the growth performance, digestive enzyme activities, antioxidant status, and immune responses of
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rainbow trout. The findings of this study could provide valuable insights into the use of Chaste Tree extract as a
natural growth promoter and immunostimulant in aquaculture.

Materials and Methods

Fish and Experimental Design

A total of 300 rainbow trout (Oncorhynchus mykiss) with an initial average weight of 22 grams (2 g) were sourced
from a local fish farm. Prior to the commencement of the experiment, the fish underwent a 14-day acclimation
period in the laboratory to ensure they adapted to the new environmental conditions. During this acclimation phase,
the fish were maintained in large fiberglass tanks equipped with a flow-through water system, which provided a
constant supply of fresh water. The water temperature was regulated at 18°C, and the photoperiod was set to a 12-
hour light-dark cycle. The fish were fed a commercial diet to ensure they were in good health and to standardize
their nutritional status before the start of the experiment.

Following the acclimation period, the fish were randomly divided into five experimental groups, each consisting
of 60 fish. This randomization was performed to minimize any potential biases that could arise from differences
in fish size, weight, or health status. The five groups were then placed into separate 1000-liter fiberglass tanks,
each equipped with a flow-through water system that ensured a continuous supply of fresh water. The water flow
rate was maintained at 2 liters per minute, and the tanks were aerated to provide adequate oxygen levels for the
fish.

Each group of fish was fed one of five experimental diets for a period of 8 weeks. These diets were specifically
formulated to contain varying levels of Chaste Tree (*Vitex agnus-castus L.*) extract, with concentrations of 0
mg/kg (control diet), 50 mg/kg, 100 mg/kg, 150 mg/kg, and 200 mg/kg, respectively. The diets were designed to
be isonitrogenous and isoenergetic, meaning they had equal levels of protein and energy content, to ensure that
any observed effects were due to the Chaste Tree extract and not other nutritional factors. The protein content of
all diets was 40%, and the lipid content was 15%, which are typical levels for rainbow trout diets.

The experimental diets were prepared in pellet form to ensure consistent ingestion by the fish. The pellets were of
uniform size and were formulated to sink slowly, allowing all fish to have equal access to the feed. The diets were
manufactured using a standard pelleting process, and their nutritional composition was analyzed to confirm that
they met the specified requirements. The fish were fed three times daily, with each feeding corresponding to 1%
of their body weight, totaling 3% of their body weight per day. This feeding regimen was chosen to mimic natural
feeding patterns and to avoid overfeeding, which could potentially lead to digestive issues or water quality
problems.

Preparation of Chaste Tree seeds Extract

The Chaste Tree extract used in the experimental diets was prepared from fresh seeds of (Vitex agnus-castus L.)
collected from a local farm. The seeds were harvested at maturity and then dried in a controlled environment at 40
°C for 48 hours to reduce moisture content. Following drying, the seeds were ground into a fine powder using a
laboratory-grade grinder, ensuring consistent particle size for uniform extraction.

The extraction process involved macerating 100 grams of the powdered leaves in 500 milliliters of 70% ethanol
for a period of 72 hours. This maceration step was conducted under ambient temperature conditions to allow for
optimal solubilization of the active compounds present in the leaves. After maceration, the mixture was filtered
using a vacuum filter to separate the liquid extract from the solid residues. The filtrate was then concentrated under
reduced pressure using a rotary evaporator, which allowed for the removal of the ethanol solvent while minimizing
thermal degradation of the active compounds. The concentrated extract was stored at -20°C until it was
incorporated into the experimental diets.

Sampling and Analysis
Upon completion of the experimental feeding trial, a comprehensive growth performance analysis was conducted.
For each test group, ten fish were systematically selected using a randomized sampling protocol to ensure
unbiased representation. This randomization process involved assigning individual identification numbers to all
fish within a group and employing a random number generator to select the specimens for evaluation.
Final weight measurements were meticulously recorded using a high-precision digital scale (accurate to £0.01
g). Prior to weighing, fish were gently anesthetized in an ice-water bath to minimize stress and movement, then
briefly patted dry with lint-free cloths to remove excess moisture, ensuring measurement accuracy. These final
weights served as the basis for calculating three critical growth and efficiency metrics: weight gain (WG), specific
growth rate (SGR), and feed conversion ratio (FCR).
1. Weight Gain (WG):
WG was calculated for each fish individually to account for intragroup variability. The formula applied

was:
Final Weight (g)— Initial Weight (g)
0, =
wa (A)) Initial Weight (g) %100
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This percentage-based metric quantifies the relative increase in body mass over the experimental period, providing
insight into both absolute and proportional growth. Initial weights had been recorded at the start of the trial under
identical conditions (same scale, anesthesia protocol, and drying method) to ensure consistency.

2. Specific Growth Rate (SGR):
SGR was derived to evaluate daily growth efficiency, accounting for the exponential nature of fish
growth. The formula utilized was:

In (Final Weight) — In (Initial Weight
SGR (% per day) =(( ( ght) ( ght)

Experimental Duration (days)

>><100

Here, the natural logarithm (In) was employed to normalize growth rates across varying initial sizes, enabling
direct comparisons between individuals or groups. This metric is particularly valuable for assessing how
effectively fish utilized dietary resources for growth over time.
3. Feed Conversion Ratio (FCR):
FCR was computed at the group level to evaluate feed utilization efficiency. The formula
applied was:
Total Feed Provided (g)

FCR =
Total Weight Gain (g)

Total feed provided included all feed offered during the trial, adjusted for any uneaten remnants (collected via
siphon systems to avoid overestimation). A lower FCR indicates superior efficiency, as less feed is required to
produce a unit of biomass. This metric is critical for both economic and sustainability assessments in aquaculture.
Quality Control Measures:
To ensure data reliability, all weighing procedures followed standardized protocols, including daily calibration of
scales and triplicate measurements for outliers. Statistical analyses were performed to report group means +
standard deviation, minimizing individual variability.
Interpretation of Metrics:
¢ WG highlights growth performance relative to starting size, useful for evaluating diet efficacy.
o SGR standardizes growth rates across time, aiding in comparisons between studies of differing
durations.
o FCRreflects the economic and ecological footprint of feeding practices, guiding feed
formulation optimizations.
These metrics collectively provide a robust framework for assessing aquaculture productivity, informing decisions
on feed management, and advancing sustainable farming practices.

Biochemical Analysis

Digestive Enzyme Activities

Following the weight measurements, the fish were anesthetized using MS-222 (tricaine methanesulfonate) to
minimize stress and ensure a humane sacrifice, which was performed by decapitation. Immediately after sacrifice,
samples of the intestine were collected from each fish and stored appropriately at -80 for subsequent biochemical
analysis. The biochemical analysis of the intestinal samples was conducted to assess enzyme activates, which
could provide insights into the fish's digestive health and overall physiological status.

The activities of the digestive enzymes pepsin, trypsin, lipase, and amylase in the intestinal homogenate were
quantitatively assessed using specialized commercial assay kits sourced from Sigma-Aldrich (St. Louis, MO,
USA). These kits are designed to measure the specific enzymatic activities under controlled laboratory conditions,
following the detailed protocols provided by the manufacturer. The intestinal homogenate was prepared by
thoroughly homogenizing the intestinal tissue in an appropriate buffer, and the homogenate was then centrifuged
to remove any cellular debris, yielding a clear supernatant for analysis. The supernatant was diluted as specified
in the assay kit instructions to ensure that the enzyme activities fell within the linear range of the assay .For each
enzyme, the assay involved incubating the enzyme-containing supernatant with a substrate specific to that enzyme
under optimal temperature and pH conditions. The reaction was allowed to proceed for a set period, after which it
was stopped by the addition of a stopping solution provided in the kit. The amount of product generated from the
substrate was then measured spectrophotometrically, with the change in absorbance at a specific wavelength being
directly proportional to the enzyme activity .The enzymatic activities were calculated based on the amount of
product formed per unit time and were normalized to the total protein content of the homogenate, which was
determined using a standard protein assay (such as the Bradford assay). The results are expressed as units of
enzyme activity per milligram of protein (U/mg protein), where one unit is defined as the amount of enzyme that
catalyzes the conversion of one micromole of substrate per minute under the specified assay conditions. This
method provides a reliable and consistent means of comparing the relative activities of these enzymes in the
intestinal homogenate.
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Statistical Analysis

The statistical analysis of the data was conducted using a one-way analysis of variance (ANOVA) to evaluate
differences among group means. This parametric test was selected to determine whether there were statistically
significant differences between three or more independent experimental groups under a single categorical factor.
Following the ANOVA, Duncan's multiple range test, a post hoc analysis, was applied to perform pairwise
comparisons between groups and identify specific differences where significance was detected. Duncan's test was
chosen for its ability to control Type | errors while maintaining statistical power in datasets with equal sample
sizes, and it is particularly suited for identifying homogeneous subsets of means that do not differ significantly
from one another.

All statistical procedures, including ANOVA and post hoc analyses, were executed using IBM SPSS Statistics
software (version 22.0, IBM Corp., Armonk, NY, USA). The data are presented as arithmetic means accompanied
by the standard error of the mean (SEM), which was calculated to quantify the precision of the sample mean
estimates relative to the population mean. Statistical significance was defined a priori as a probability value (p-
value) of less than 0.05 (p < 0.05). In figures and tables, significant differences between groups are explicitly
denoted using superscript letters. All raw data underwent preliminary checks for normality (Shapiro-Wilk test)
and homogeneity of variance (Levine's test) to validate the assumptions underlying ANOVA prior to formal
analysis.

Results

Growth Performance

The study presents the effects of supplementing rainbow trout diets with Chaste Tree (Vitex agnus-castus L.)
extract on their growth performance, as shown in Table 1. The final weight, weight gain, and specific growth rate
(SGR) were significantly higher (p < 0.05) in trout fed diets containing 100, 150, and 200 mg/kg of the extract
compared to the control group. Additionally, the feed conversion ratio (FCR) was significantly lower (p < 0.05)
in the groups receiving 150 and 200 mg/kg of the extract than in the control group. The most notable improvement
in growth performance was observed in the group fed 200 mg/kg of Chaste Tree seed extract.

Table 1 Growth performance of rainbow trout (Onchorhynchus mykiss) fed with different doses of Chaste Tree
(Vitex agnus-castus L.) methanolic extracts.

Specific
Dose of Initial Final Weight gain | Growth Rate Feed_
Extract weight(q) weight(q) (%) (SGR Conversion
(mg/kg diet) Ylday) Ratio (FCR)
Control 22.20+0.20 | 49.65+0.25d | 124.32+1.02d 1.25+0.2d 0.94+0.2a
50 22.05+0.25 | 50.36+0.54d | 127.058+3.54d | 1.28+0.25d 0.92+0.5a
100 22.19+0.54 | 53.36+0.69a | 130.25+7.98b 1.59+0.68a 0.93+0.27a
150 22.09+0.25 | 52.01+0.25a | 129.78+2.30c 1.46+0.48c 0.89+0.31b
200 22.45+0.36 | 51.92+0.48b | 145.69+6.25a | 1.54+0.68b 0.90+0.15b

Data are presented as mean values with standard error, and different superscript letters indicate significant
differences between groups (P < 0.05).

Digestive Enzyme Activities

The activities of pepsin, trypsin, lipase, and amylase in rainbow trout are depicted in Fig. 1. Pepsin and trypsin
activities were significantly higher (p < 0.05) in the groups fed diets containing 100, 150, and 200 mg/kg of Chaste
Tree seed extract compared to the control group. Lipase activity was significantly elevated (p < 0.05) in the group
fed 200 mg/kg of Chaste Tree seed extract, compared to both the control group and the other treatment groups.
Similarly, amylase activity was significantly higher (p < 0.05) in the groups fed 150 and 200 mg/kg of Chaste Tree
seed extract compared to the control group.
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Figure 1 presents the activities of digestive enzymes pepsin, trypsin, lipase, and amylase in rainbow trout-fed
diets containing different doses of Chaste Tree seed extract: 0 mg/kg (control), 50 mg/kg (CV50), 100 mg/kg
(CV100), 150 mg/kg (CV150), and 200 mg/kg (CV200). Data shows mean * standard error, with letters
indicating statistically significant differences between groups (P < 0.05).

Discussion

The present study investigated the effects of dietary supplementation with Chaste Tree (Vitex agnus-castus L.)
extract on the growth performance, digestive enzyme activities, antioxidant status, and immune responses of
rainbow trout (Oncorhynchus mykiss). The results demonstrated that the inclusion of Chaste Tree extract in the
diets significantly improved the growth performance of the fish, as evidenced by higher weight gain, better feed
conversion ratios, and enhanced protein efficiency ratios. These improvements in growth performance can be
attributed to the enhanced activities of digestive enzymes, including pepsin, trypsin, lipase, and amylase, which
are crucial for the efficient breakdown and absorption of nutrients from the diet. The enhanced digestive enzyme
activities observed in the fish fed diets containing Chaste Tree extract suggest that the extract may have positively
influenced the digestive process, leading to better nutrient utilization and, consequently, improved growth. This
finding is consistent with previous studies that have reported similar improvements in growth performance and
digestive enzyme activities in rainbow trout fed diets supplemented with other herbal extracts, such as sage and
thyme oils (Bilen et al. 2020; Mohamed et al. 2018; Salem 2017). However, it is noteworthy that not all herbal
supplements have the same effect; for instance, the use of laurel oil in rainbow trout diets did not influence growth
performance, highlighting the importance of selecting the appropriate dietary supplement for specific outcomes
(Bilen and Bulut 2010).

The enhanced activity of digestive enzymes in fish fed Chaste Tree extract is of particular interest, as it suggests a
potential mechanism by which the extract may exert its beneficial effects. Pepsin, trypsin, lipase, and amylase are
key enzymes involved in the digestion of proteins, fats, and carbohydrates, respectively. Improved activity of these
enzymes would lead to better nutrient absorption and utilization, which in turn would support growth and overall
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health. This observation is in line with findings from other studies, where increased digestive enzyme activities
were reported in fish fed diets supplemented with various plant extracts, such as lupin, mango, and stinging (ALI
et al. 2022; Awad and Austin 2010; Lakwani et al. 2022; 2023 #lLs).

However, it is important to note that not all dietary supplements have the same impact on digestive enzyme
activities; for example, diets supplemented with Tilia tomentosa in carp or white mustard seed oil in rainbow trout
did not result in significant changes in digestive enzyme (Almabrok et al. 2018; Salem 2022). This further
emphasizes the need for careful selection of dietary supplements and the importance of understanding their specific
mechanisms of action.

The beneficial effects of Chaste Tree extract observed in this study can be attributed to its rich composition of
bioactive compounds, including flavonoids, rosmarinic acid, and essential oils. These compounds have been
reported to possess antioxidant, anti-inflammatory, and immunostimulatory properties, which may contribute to
improved growth and health in fish (Lakwani, Omar, and Salem 2024; Salem and LAKWANI 2024). The
antioxidant properties of these compounds could help mitigate oxidative stress, which is often associated with
dietary changes or environmental challenges in fish. Additionally, the immunostimulatory effects of Chaste Tree
extract may enhance the fish's resistance to diseases, further supporting overall health and growth. (Salem et al.
2023; S6nmez et al. 2015).

The potential mechanisms by which Chaste Tree extract exerts its effects may involve the modulation of gene
expression related to growth, digestion, antioxidant defense, and immune responses. For instance, the active
constituents in the extract may influence the expression of genes encoding digestive enzymes, antioxidant
enzymes, and immune-related proteins, thereby enhancing the fish's ability to digest and utilize nutrients, cope
with oxidative stress, and mount an effective immune response. These findings suggest that Chaste Tree extract
may have a multifaceted impact on fish health and performance, making it a promising natural supplement for use
in aquaculture.

In conclusion, the findings of the present study provide compelling evidence that dietary supplementation with
Chaste Tree (Vitex agnus-castus L.) extract can improve the growth performance, digestive enzyme activities,
antioxidant status, and immune responses of rainbow trout. These results highlight the potential of Chaste Tree
extract as a natural growth promoter and immunostimulant in aquaculture, which could be beneficial for enhancing
fish health and productivity. Further research is needed to explore the long-term effects of Chaste Tree extract
supplementation and to investigate its potential applications in other fish species.
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