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Abstract: Numerous studies have shown that herbs can be used as growth stimulants in
aquaculture. This study aimed to investigate the effect of combined consumption of mint powder
and vitamin D on the growth and health of juvenile rainbow trout, Oncorhynchus mykiss. For this
purpose, a total of 200 juvenile rainbow trout were divided into four groups and treated for 60 days
as follows: The 1%t group (control) used a standard diet; the 2" group had 1.5% mint powder in
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their diet; The 3" group having an additional amount of 120 mg/kg of vitamin D in their diet; The I—I{z:{) s

4™ group fed a diet having mint and vitamin D supplements as 2ed and 3 groups. All groups' Mint

growth and health indices viz. condition factor, hepatic steatosis index, visceral sensitivity index, Vitamin D

spleen somatic index, weight gain percentage, specific growth rate, feed conversion ratio, satiety Fish Diet
Antioxidants

index, food conversion efficiency, and protein efficiency ratio were measured and compared on

days 20, 40, and 60. The results revealed that the use of mint powder in the juvenile rainbow trout
diet not only had no remarkable effect on the growth and health of fish but also improved their
growth. In addition, all the analyzed indications of the mint powder group outperformed than the

vitamin D group.

Introduction

The application of the plant essential oils and herbs in
aquatic and livestock diets has attracted much attention in
recent years (Sonta et al., 2019; Pouladi et al., 2020;
Molajou et al., 2021; Paray et al., 2021; Mucha and
Witkowska, 2021; Nehme et al., 2021; Angane et al.,
2022). Antioxidant properties are found in almost all
essential oils and herbs, helping prevent microbial growth
and toxin production in feed (Ceylan et al., 2019; Dorra
et al.,, 2019). Plant compounds also improve the
performance of livestock and aquatic products, strengthen
their immune system, and have antimicrobial properties
(Ahmadifar et al., 2021). By effectively releasing
digestive enzymes, they increase nutrient digestion and
absorption, and by enhancing nitrogen uptake, they help
protein absorption into the cell (Wainstein et al., 2012).
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Several studies have shown adding herbs to food
improves aquatic growth performance (Manhas and Gill,
2010; Promya and Chitmanat, 2011; Hai, 2015; Prabu et
al., 2017). Medicinal plants have emerged as an
alternative and promising agent for controlling disease in
fish (Zam et al., 2019). Medicinal herbs are used in
aquaculture not only as chemotherapeutics but also as
feed supplements. This is because they include a diverse
range of nutrients in addition to chemical compounds
(Kalita and Borthakur, 2010; Dutta et al., 2020).
Therefore, they have been shown to promote growth,
hunger stimulation, immunological stimulation,
antibacterial activity, and anti-stress activity in
aquaculture (Shakya, 2017; Caipang, 2020). The ease of
access to many plants and their low cost encourages their
application in aquaculture on a large scale (Khosravi et
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Table 1. Contents of the fish feed ingredients.

Content Amount (%)
Protein 39
Fiber 3.7
Raw fat 12
Ash 11
Moisture 10
Phosphorus 1.3

al., 2018; Bharathi et al., 2019; F Ayoub et al., 2019).
Spices and condiments such as mint are used in
foods and are natural sources of antioxidants and
antibacterial chemicals in aquaculture (Azizkhani and
Tooryan, 2015; Abdul Qadir et al., 2017; Khan et al.,
2018). Mentha longifolia (mint), a member of the
Lamiaceae family, is found in the Mediterranean region
and North Africa, Australia, and Europe (Mahmoud et al.,
2022). It has wide application in the food processing and
pharmaceutical industries. Mint's seeds, bark, flowers,
stems, and leaves have all been used in traditional folk
medicine as carminatives, stimulants, antispasmodics,
antimicrobials, and antioxidants, and for the treatment of
various ailments like digestive problems and headaches
(Asghari et al., 2018). The addition of mint in the diet of
poultry improves growth performance and physiological
conditions and raises antioxidant activity and feed
conversion ratio (Kumar and Patra, 2017; Vargas-
Sanchez et al., 2019). Based on the above-mentioned
background, this study aimed to investigate the effects of
mint powder and dietary vitamin D on rainbow trout's
(Oncorhynchus mykiss) health and growth performance.

Methods and Material

In March 2021, 200 rainbow trout juveniles with an
average weight of 3612 g and a total length of 15.2+0.7
cm were purchased and transferred to a wet Lab, at Al-
Farahidi University. The fish were maintained in a 1500-
liter tank for two weeks to acclimatization. During the
adaption period, they were fed a conventional diet of trout
twice a day at a rate of 3% body weight, and 20% of the
tank water was replaced daily. The dietary composition
of the ratio used is presented in Table 1.

The fish were divided into four groups each with
three replications and introduces randomly into twelve
300L tanks, each with a density of twelve fish. The 1%
group (control) was fed a standard diet, the 2™ group fed
1.5% mint powder in their diet, the 3™ group fed a diet
having 120 mg/kg of vitamin D and the 4" group fed a
combination of mint and vitamin D supplements as

mentioned in 2ed and 3™ treatments. The desired amount
of mint powder (1.5%) and vitamin D (120 mg/kg dry
weight) were mixed and converted as pellets with a
diameter of approximately 3.5 mm by a meat grinder. The
pellets were frozen at -18°C after being dry at 45°C for
30 hours (with 10% humidity). On days 20, 40, and 60,
two fish from each tank (6 fish per treatment) were
randomly sampled.

After anesthesia using MS222, the fish were killed
and following growth parameters viz. Condition Factor
(CF) (Osho and Usman, 2019), the Hepatic Steatosis
Index (HSI) (Ribeiro et al., 2013), Visceral Sensitivity
Index (VSI) (Torstensen et al., 2011), Spleen Somatic
Index (SSI) (Abdel-Tawwab et al., 2021), Weight Gain
Percentage (WG%) (Besson et al., 2016), Specific
Growth Rate (SGR) (Korzen et al.,, 2016), Feed
Conversion Ratio (FCR), Satiety Index, Food Conversion
Efficiency (FCE) (Zhang et al., 2010), and Protein
Efficiency Ratio (PER) (Moogouei, 2014; Taee et al.,
2017; Adeshina et al., 2018) were measured.

After verifying the data for normality with the
Kolmogorov-Smirnov test, a one-way analysis of
variance (ANOVA) was used to analyze the data. Using
Duncan's multiple range test (MRT), mean differences
between the groups were obtained. Data analysis was
performed using SPSS software version 25. Data analysis
was performed using SPSS software version 25.

Results and Discussion
No signs of disease or mortality were observed in the
treatments during the experimental period. The findings
revealed no differences between the experimental groups
except for visceral and satiety indices on the 20th day. On
this day, when comparing vitamin D treatment to others,
VSI and satiety had increased significantly (P<0.05) (Fig.
1). VSI shows gastrointestinal-specific anxiety, affective,
and cognitive response to the fear of gastrointestinal
symptoms, sensations, and the circumstances in which
these visceral symptoms and sensations manifest
themselves (Torstensen et al., 2011). In addition, the
satiety Index describes the sensation of being full and
losing one's appetite after eating (Zhang et al., 2010)
Significant increases in the VSI, satiety coefficient,
WG%, PER, SGR, and FCE were observed in the
treatment of mint powder on the 40th day. On this day,
other treatments revealed no significant differences from
the control one (P<0.05) (Fig. 2). There are reports on the
positive growth effects of mint on the broiler and aquatic
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Figure 1. A comparison of growth indicators in juvenile trout fed
with a variety of diets on day 20 of the experiment.
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Figure 2. A comparison of growth indicators in juvenile trout fed
with a variety of diets on day 40 of the experiment.

animals (Hong et al., 2012). In line with our findings,
Emami et al. (2012) reported similar results. Also, SSI in
mint and vitamin D supplemented treatments was
significantly lower (P<0.05). Spleen Somatic Index is a
critical metric for determining a fish's relative
vulnerability to various stressors (Serrat et al., 2019;
Abdel-Tawwab et al., 2022).

The VSI increased in the mint powder supplemented
treatments on day 60 (P<0.05) (Fig. 3). The satiety index
for mint powder treatment was higher than others.
Compared to the control group, mint powder treatments
significantly improved SGR, PER, WG%, and FCE
(P<0.05). In these indices, there was no difference
between the vitamin D group and the control one.
Regarding HSI and VSI, the supplement of the mint
powder showed a nearly uniform trend over time. While
little changes were found in the control and vitamin D
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Figure 3. A comparison of growth indicators in juvenile trout
fed with a variety of diets on day 60 of the experiment.

groups regarding these indices, i.e. a significant decline
was found in HSI and VSI in the vitamin D group on days
40 and 60. HSI is diagnosed when the amount of fat
within the liver is greater than 5% of the total weight
(Eguchi et al., 2012; Machado and Cortez-Pinto, 2013;
Abd El-Kader and El-Den Ashmawy, 2015; Liu et al.,
2017), on day 60, VSI in the control group decreased
significantly. On this day, there was a substantial decline
in the satiety index in the control and vitamin D groups.
In previous works, vitamin D has caused an increase in
the immune system and other hematological factors
(Dehghanizadeh et al., 2014), despite a decrease in the
studied growth parameters.

No differences were found in the supplemented mint
powder groups. Except in the control group on day 40, no
other changes in the SSI were seen. Although there is no
remarkable change in the weight gained in all study
groups, the trajectory of change in this index in the mint
powder group had a distinct tendency in the 40th and 60th
days compared to the 20th day. Until the end of the
experiment, the condition factor increased significantly in
all of the groups, including the control group. The
condition factor of a fish reflects the fish's biological and
physical circumstances, as well as oscillations in those
circumstances caused by the interaction between feeding
environments, parasite diseases, and physiological factors
(Osho and Usman, 2019; Jafari-Patcan et al., 2018;
Mouludi-Saleh and Eagderi 2019; Eagderi et al., 2020).
Although there were no significant differences in any of
the studied groups regarding the feed conversion ratio, the
reduction in this index was noticeable on days 40 and 60.
But in the mint treated groups, the indices of specific
growth rate, feed conversion efficiency, and protein
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efficiency ratio exhibit showed increasing trends, with a
significant difference on the 40th day compared to the
20th day.

Conclusion

According to the findings of this study, mint powder-
receiving juveniles exhibit a considerable improvement
in growth and health indices at the end of the trial period,
i.e., day 60, compared to other groups. Furthermore, the
trend of changes in the group receiving mint powder
during the experiment revealed that mint powder has a
proper effect on the growth of juvenile rainbow trout.
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