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Plants contain active phytochemicals that can affect metabolism and gene expression
pathways and improve aquatic animals’ growth. So, in this study, to investigate the effect
of adding savory extract (Satureja hortensis) to the diet of zebra fish (Danio rerio), 240
fish with an average weight of 65.37+5.9 mg were fed diets containing 0.5, 1, and 2%
ethanolic savory extract for 8 weeks. The control group was also fed only the basal diet.
The results showed that adding savory extract to the diet improved growth indices
compared to the control group. The highest final weight, weight gain percentage, and
specific growth rate were observed in the treatment receiving 2% extract, which differed
significantly from the other groups (P<0.05). Although food intake increased significantly
with increasing savory extract, the difference in feed conversion ratio was not significant
(P>0.05). Examination of the expression levels of genes related to appetite and growth
showed that a relative increase in the expression of all three genes, ghrelin, growth
hormone (GH), and insulin-like growth factor (IGF-1), was observed in fish fed savory
extract, but this increase was only significant in the case of IGF-1 compared to the control
group (P<0.05). Therefore, a savory ethanolic extract at up to 2% improved growth indices
in zebrafish by increasing appetite and food intake and by regulating downstream
metabolic pathways of the growth axis, thereby increasing IGF-1 expression. This result
can be generalized to other species due to the similarity between zebrafish growth and
metabolic pathways and those of other species.
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EXTENDED ABSTRACT

Introduction

The addition of plants to aquatic feed is an important topic in modern nutrition and aquaculture. Today,
researchers are no longer focusing solely on growth and feed conversion but are also investigating how
these substances affect gene expression. Summer savory is an annual plant from the mint family. The
main components of savory essential oil include phenolic compounds such as carvacrol, thymol, and
geraniol, as well as terpenoids such as limonene and alpha- and beta-pinene. This plant contains
compounds with potent antioxidant and antimicrobial activities and can positively affect growth
performance, resistance to environmental stresses, and susceptibility to infectious diseases in aquatic
animals. The zebrafish genome has been completely sequenced, which makes it an important biological
model. Therefore, in this study, the use of different concentrations of savory ethanol extract on growth
efficiency and the expression of genes related to growth hormone (GH) and insulin-like growth factor
(IGF-1), which are ultimately responsible for growth in fish, as well as ghrelin hormone as an appetite
hormone and a stimulant of growth hormone secretion in zebrafish, was investigated.

Material and Methods

For this experiment, 240 healthy 40-day-old zebrafish with an average weight of 65.37+5.9 mg were
obtained from the Royan Institute (Tehran, Iran) and distributed individually in 40-liter glass aquariums
at a density of 20 fish per aquarium. After two weeks, the aquariums were assigned to four experimental
treatments, each replicated three times. To prepare the experimental diets, different levels of savory
ethanolic extract (0.5, 1, and 2%) were added to the feed ingredients. At the end of the 8-week
experimental period, growth indices and expression of genes related to growth hormone (GH), insulin-
like growth factor-1 (IGF-1), and ghrelin were measured. Data were analyzed using one-way analysis
of variance (ANOVA) in SPSS. Differences in means were analyzed using Tukey's multiple range test
at a significance level of P<0.05.

Results

The results showed that growth indices, including final weight, weight gain percentage, and specific
growth rate in fish, increased significantly by adding 0.5 to 2% savory extract to the diet, and the highest
growth rate was achieved in the group fed with 2% savory extract, which was significantly different
from the other groups (P<0.05). Also, the food absorption rate increased significantly with increasing
savory extract percentage, with the highest rate observed in the 2% treatment, although no significant
difference was observed between the treatments in terms of feed conversion ratio (P<0.05). The survival
rate was also 100% in all treatments. Gene expression analysis showed that for all three genes, growth
hormone (GH), ghrelin, and insulin-like growth factor (IGF-1), the relative expression of the genes in
the treatments fed with savory extract was higher than the control group, although only in the case of
the IGF-1 gene was this difference with the control group significant at concentrations of 1 and 2%, and
no significant difference was observed for the other genes (P<0.05).

Discussion

In this study, zebrafish growth indices and feed intake were significantly improved by adding savory
extract to the diet, especially at 2%, compared with the control group, whereas feed conversion ratio
was not. These results showed that although savory extract can improve intestinal health, digestion, and
nutrient absorption, the resulting metabolic improvements were mild, and savory mainly increased
growth through appetite stimulation and increased food intake. Also, the expression of ghrelin and
growth hormone genes was not significant, whereas IGF-1 expression increased significantly compared
to the control group. In fish, especially zebrafish, the expression of IGF-1 can be influenced by other
factors and does not necessarily require an increase in growth hormone. The first is through the
activation of growth pathways at the tissue level. Savory phenolic compounds, such as carvacrol and
thymol, may increase tissue sensitivity to growth hormone and activate metabolic pathways, including
mMTOR. Also, since fish consumption has increased with the increase in savory extract percentage, this



The effect of ethanolic extract of summer savory (Satureja hortensis) on growth indices..

can lead to greater intake of amino acids, nutrients, and energy, which alone can increase IGF-1
expression.

Conclusion

The results showed that adding ethanolic extract of savory to zebrafish diets increased growth indices,
especially at 1 and 2%, and that this increase was mainly attributable to increased food consumption.
The significant increase in IGF-1 expression, with no significant changes in the expression of ghrelin
and growth hormone genes, also confirms that this increase is not due to classical activation of the GH-
IGF axis, but rather to direct and indirect regulation of IGF-1 expression.
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