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Abstract Dietary cinnamon supplementation has several bioactive compounds with growth-promoting and
immunomodulation potential, which is suggested for finfish species. This study evaluated the inclusion of
cinnamonat0, 1, 3, 6, and 12 g/kg diet in Oncorhynchus mykiss fingerlings. After eight weeks, the best growth
performance, and feed utilization parameters were calculated in fish treated with 12 g/kg (P < 0.05). Further,
the white blood cells and lymphocyte levels were significantly increased and Neutrophil was significantly
decreased in fish fed cinnamon at 12 g/kg compared to those fed 0-6 g/kg (P <0.05). After the feeding trial, in
the studied immune and biochemical indices, immunoglobulin ROS, Lysozyme was significantly increased
(P<0.05), and Glucose decreased significantly (P < 0.05) in fish treated with cinnamon at 12 g/kg compared
to fish fed 0-6 g/kg. Moreover, treated fish with cinnamon had higher levels of C3, C4, total protein and
Albumin than the control with the highest value in fish treated with 12 g/kg. The results showed the positive
influence of the inclusion of cinnamon in the diets for rainbow trout fingerlings on the growth performance,
feed utilization, blood analysis, and immune functions. According to the results, it can be concluded that 12
g cinnamon powder per kg diet is suggested with no adverse effects to improve growth performance, feed
utilization and health status in rainbow trout fingerlings.
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Introduction

Increasing fish mortality is one of the most critical problems for aquaculture sector, especially in early life
stages. Therefore, immune system enhancement in early life stages is one of the main keys to aquaculture
success (Magnadottir 2006). It was reported that various environmental stressors can negatively affect
the immune systems of fishes, which subsequently leads to different types of diseases in the aquaculture
industry. These diseases can be considered the main challenge to fish breeding success, which possibly
limits the economic development of aquaculture (Farahani 2011). Despite chemicals positive impacts in
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controlling, preventing, and eliminating pathogens in aquatic animals, unwanted mortalities and serious
problems have been occurred by using them in aquaculture (Yao et al. 2011). Also, using antibiotics to treat
and/or increase immunity in aquatic animals resulted in numerous limitations, e.g., bacterial resistance and
the emergence of a new generation of bacteria, destruction of the water microbiota, administration problems,
drug resistance in fish and humans and high prices. Which led to replacing them with less harmful and
cheaper materials by fish farmers (Mohsenzadeh et al. 2003). There is a significant relationship between
increasing disease resistance and standard feeding (Asadi et al. 2012). Also, immunostimulants can prevent
the occurrence of infectious diseases by promoting the innate immune system (Watanuki et al. 2006).
Therefore, nutritionists have been focused on using natural additives to replace nutritional antibiotics in
recent years (Kesbi¢ and Yigit 2019; Kesbig et al. 2020).

Herbal immunostimulants have been recently considered due to various features, such as stimulating
the non-specific immune system (Amar et al. 2004; Rao et al. 2006), increasing tolerance to environmental
stresses (Rao et al. 2006), decreasing losses due to virus, bacteria, and parasitic agents (Dugenci et al.
2003), reducing environment and aquaculture risks, improving growth indices (Adedeji et al. 2008),
accelerating food absorption, enhancing therapeutic impacts, decreasing side effects, easier access, and
cheaper prices (Amar et al. 2004; Rao et al. 2006; Dugenci et al. 2003). Herbal additives, especially
medicinal and aromatic plants, have been shown various features, e.g. growth enhancement (Shalaby et
al. 2006), appetite stimulation, anti-stress properties (Citarasu 2010), and disease resistance (Galina et
al. 2009) in aquaculture. As such, many plants, parts of plants and plant extracts are tested. The effects
of phytoextracts on different fish species were investigated mainly in carps and trouts with numerous
plant extracts such as curcumin, paprika, thyme, oregano, garlic (Georgieva et al. 2018; 2019), nutmeg
(Zhelyazkov et al. 2018), Achillea millefolium (Koshinski 2019), Taraxacum officinale (Sirakov et
al. 2019; Koshinski 2020), Acorus calamus (Velichkova et al. 2019), etc. The use of herbs provides a
cheaper way towards the progress of aquaculture. The utilization of plant extracts is promising for feed
industry practice not only as they are relatively cheap, but also safe both for fish and for men as ultimate
consumers (Gabor et al. 2010; 2011).

The cinnamon (Cinnamomum sp.), contains phenolic and polyphenolic compounds with antioxidant
properties, such as eugenol, carionylene, cineol, and cinnamaldehyde (Gheibi 2005). Meanwhile, the
eugenol combination has non-toxic and protective properties against various pathogens (Kunkel 1978]).
Besides, cinnamon has probiotic properties to promote the growth of beneficial bacteria and suppress the
growth of pathogenic bacteria. Cinnamon is also a good alternative for growth chemicals. Cinnamaldehydes,
polyphenols, carbohydrates, flavonoids, etc., boost up the immune system of fish and act as an important
antioxidant and antibiotic. Moreover, the use of cinnamon as a growth and immunity promotor is cheap
and environmentally friendly compared to other synthetic antibiotics. The effect of cinnamon on growing
(Dedi et al. 2016) and fattened carps (Stoyanova et al. 2018) are limited. Salaby et al. (2006) reported the
inhibitory and positive effects of cinnamon oil on fungal infections in rainbow trout. In addition, extracts
of cinnamon and clove were used in some studies to exhibit potent inhibition of protein glycation and
activities of anti-atherosclerotic and hypolipidemic in Zebrafish (Jina and Choa 2011).

Biologically active compounds in plant extracts could have either a positive or a negative impact on
different fish species, so they have to be tested for the specific species. Although several studies were
conducted on the effects of cinnamon on decreasing blood glucose and antibacterial properties on aquatic
animals, our knowledge is limited on its effects on growth performance, blood indices, and immune system
functions of farmed rainbow trout (Oncorhynchus mykiss). Therefore, the present study was aimed to
investigate the effects of adding different levels of cinnamon powder to the diet on some blood factors and
growth indices of rainbow trout fingerlings.

Materials and methods
Experimental fish
Seven hundred and twenty rainbow trout fingerlings were randomly selected with an average weight of 20+5

g and stocked in 15 fiberglass tanks (with a volume of 1000 liters and a density of 50 fish per tank). During
the experiment, the physical and chemical quality parameters of the experimental setup water (temperature,
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dissolved oxygen, and pH) were also measured periodically every other two weeks by a HACH portable
multimeter (model HQ40d). Water quality was averaged during the trial (mean +SE): water temperature, 14
+ 1.0 °C; dissolved oxygen, 7.42 + 0.02 mg/L; pH, 7.49 + 0.4.

Experimental diets

Experimental diets containing five levels of cinnamon powder, as 0 (control), 1, 3, 6, and 12 g cinnamon per
kg feed were used in three replications. The studied fish were daily fed 1.5 % of their body weight (Farzanfar
2007), four times a day (at 7, 12, 16, and 20 o’clock), for eight weeks. The “Faradaneh” commercial trout
pellet (crude protein 44 + 0.02% and crude lipids 15+ 0.05%), manufactured by Faradaneh Co., Iran, was
used as the basic diet. Through feed lubrication with sunflower oil (50 ml/kg feed), the feed of treated trout
were supplemented with 1, 3, 6, and 12 g/kg powdered cinnamon, while the control group received only
sunflower oil-lubricated feed.

Growth performance determination

As growth measurements were done every two weeks, the feeding rate was adjusted accordingly. At the
end of the experiment the following production parameters were determined: weight gain (WG) was
calculated as (final mean weight - initial mean weight); specific growth rate (SGR) (% day!) as 100 =
[In (final mean weight) - In (initial mean weight)] / days; feed conversion ratio (FCR) as dry feed intake /
wet weight gain; the condition factor (CF) was calculated as 100 = (live weight, g) / (body length, cm)?;
standard length increments (SLI): final standard length (cm) — initial standard length (cm); daily growth
rate (DGR): 100 = [(final mean weight - initial mean weight) (day')]; and survival rate (SR): 100 =
[(Stocked fish number x Survived fish number) (Stocked fish number )] (Bulut et al. 2014). To measure
the mentioned indices, samples were anesthetized with clove powder at a concentration of 300 mg/1.

Hematological and blood biochemical analysis

To hematological analysis, blood was obtained from the caudal vein using heparinized syringes (0.1 mL).
White blood cells (WBC), red blood cells (RBC), hematocrit, hemoglobin, mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC)
indices were evaluated according to Feldman et al. (2000). Furthermore, differentiated leukocytes count
(monocytes, lymphocytes, and neutrophils) were performed according to Borges et al. (2004). Also, non-
heparinized syringes were used to collect blood for serum separation. The samples were left for 4 h at 4 °C,
then centrifuged at 3000x g for 15 min at 4 °C. Then serum samples were collected and kept at —80 °C for
further biochemical analysis. Glucose (GLU), total protein (TP), albumin (ALB), C3, C4, concentrations
were determined utilizing Alpha-6 Chemistry Auto Analyzer and Pars Azmon kits. To investigate the
immune parameters, lysozyme enzyme and immunoglobulin M (IgM) content were investigated according
to Ellis (1990) and Yamamoto and Yonemasu (1999), respectively.

Statistical analysis

The Kolmogorov-Smirnov test was employed to determine the normality of data. Statistical analysis was
performed using SPSS (version 20). Mean, standard deviation and t-test were performed. The results
were subjected to one analysis of variance (ANOVA) to test the effect of treatments on fish performance.
Differences between means were compared using Duncan multiple range tests to test the significance level
between means of treatments. The statistical significance was determined at P < 0.05.

Results

Growth performance

The final weight, weight gain, increasing total length, weight gain percent, specific growth rate, and daily
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growth were significantly (P < 0.05) enhanced by supplementing cinnamon at 12 g/kg (Table 1). On the
other hand, the highest values of final total length and condition factor were observed in fish fed 12 g/kg.

Hematology indices

The highest values of RBC, hematocrit, hemoglobin, MCV, MCH, MCHC, and monocytes’ percentage
were observed in fish treated with cinnamon at 12 g/kg diet. There were no significant differences
between the studied treatments (P > 0.05). On the other hand, the WBC and lymphocytes were
meaningfully (P < 0.05) increased in fish treated with cinnamon at 12 g/kg diet. Furthermore, the
highest and lowest neutrophil counts were observed in the control group and fish treated with cinnamon
at12 g/kg diet, respectively (Table 2).

Blood immune and biochemical indices

The immune and biochemical indices were positively affected by adding cinnamon to diets in comparison
with the control (P < 0.05). The highest values of immunoglobulin, ROS, lysozyme activity, and glucose
were obtained under a diet containing 12 g/kg of cinnamon powder (Table 3). Despite non-significant
differences in C3, C4, total protein, and albumin, the highest values of these indices were recorded in fish
treated with cinnamon at12 g/kg diet.

Discussion

Cinnamon is a beneficial medicinal spice in the series of phytogenics involved in promoting growth
performance, digestibility, antibacterial capacity, immunity, and wellbeing of aquatic animals (Abdel-
Tawwab et al. 2018). Cinnamon has several bioactive compounds such as vitamins, minerals, phenolic
compounds (tannins, saponins), and essential oils (cinnamic aldehyde and cinnamyl aldehyde) (Heshmati
et al. 2021; Gruenwald et al. 2010) with high antibacterial capacity and antioxidative potential (Mehdipour
et al. 2018). Growth and survival rates, as well as immunity, can be improved by the addition of medicinal
plants to fish feed. The Flavour and storage ability of feed is also improved with added spices. Cinnamon
leaf extract, cinnamon bark oil and cinnamon powder is known for significant increase in energy utilization,
PER, SGR, APU, FCR, PER, FER and protein retention in fish. Cinnamon exhibits various biological
activities i.e. antioxidant, antiallergic, antidiabetic and antimicrobial (Begum et al. 2018). This results in the
growth reduction of harmful bacteria, which negatively affect digestion and the local intestinal immunity.

The results elucidated that rainbow trout fingerlings treated with cinnamon had marked enhancement in the
growth performance. The results are concurrent with several studies that investigated the growth-promoting
role of cinnamon in finfish species. Obtained results revealed that adding cinnamon powder to the diet of
rainbow trout fingerlings resulted in notable increases in the final weight, final length, WG, SGR, and daily
growth compared to the control. Kesbi¢ (2019a) revealed that dietary cinnamon oil at 4 mL/kg has positive
effects on the growth performance of rainbow trout. Further, rainbow trout fed dietary cinnamon at 30 g/
kg led to enhanced growth performance (Ravardshiri et al. 2021). In Nile tilapia, Oreochromis niloticus,
Rattanachaikunsopon and Phunkhachorn (2010) reported that incorporating 0.4% cinnamon oil in diet,
enhanced growth indices during a 28-day trial. In the same fish species, Ahmad et al. (2011) illustrated that
adding 1% cinnamon powder in diet improved the gastrointestinal tract, secretion of digestive enzymes,
excretion of toxins, and specific growth rate. Mooraki et al. (2013) reported that the dietary 1% cinnamon
powder resulting non-significant increases in short-term on growth indices in Green Terror, Andinocara
rivulatus, but specific growth rate increased significantly which may cause notable increases in other growth
indices in long-term plans. Our findings showed that the lowest FCR was obtained in fish fed cinnamon at
12 g/kg, indicating high feed utilization. Similarly, Zhou et al. (2020) reported that grass carp treated with
cinnamaldehyde had enhanced feed digestibility associated with high digestive enzyme activities. Also,
some studies had proved the positive effects of cinnamon powder on FCR in Green Terror (Mooraki et al.
2013) and Oreochromis niloticus (Metwally 2009; Ahmad et al. 2011). They emphasized that cinnamon
improves gastrointestinal functions and reduces the FCR. The cinnamon powder seems to increase digestion
by secreting digestive enzymes caused by intestinal mucus stimulation and its antioxidant properties can
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Table 1 Growth indices in rainbow trout fingerlings fed dietary cinnamon (mean £SD)

Cinnamon (g/kg)
Item
0 1 3 6 12 .
Sig.
n 30 30 30 30 30
Initial weight (g) 21.27+0.16 21.2240.43 21.25+0.53 21£05 21.2040.13 -
Initial body length(cm) ~ 11.42+95 11.50+0.28 11.80+0.33 11+£04 11.33+0.3 -
Final weight (g) 53.65+£1.63 ° 54.20+1.3° 65.70+1.03 70.5+0.9 74.90+0.83 * 0.05*
Final body length (cm) ~ 20+0.2 20.10+0.28 21.80+0.33 ¢ 22+0.4 * 23.21+0.15° 0.62ns
Weight gain (g) 32.3840.2° 32.98+0.14 ° 44.45+0.13 ® 49.5+0.15 ® 53.7+0.16 0.02*
Increased length (cm) 8.58+0.1° 8.6+0.18 ° 10+0.3 ® 11£0.2* 12.01£0.1 0.03*
RGR 152.23+18.21° 155.41£19.14° 209.1749.31 235.7149.64 253.30+8.29* 0.05*
SGR 0.8+0.04 * 1.1£0.05 ® 1.80+0.06 1.85+0.07 1.90+0.09 * 0.006**
Daily growth 0.539+0.06 ° 0.549+0.01 ° 0.74+0.09 * 0.825+0.02 0.895+0.07 * 0.05*
FCR 1.8+0.10° 1.5+0.19® 1.30+0.25 * 1.20+£0.15 * 1.1£0.7 0.05*
Condition factor 0.67+0.16 * 0.66+0.19 * 0.63+0.25 ® 0.66+0.15 * 0.68+0.17 * 0.32ns
Survival rate (%) 98¢ 98¢ 99 ¢ 99 100* 0.22ns

Values in the same row with different letters are significantly different (P <0.05). Sig. significant level; ns: non-significant and * significant at P <0.05. n = the

number of tested samples.

Table 2 Hematological parameters in rainbow trout fingerlings fed dietary cinnamon (mean +£SD)

Cinnamon (g/kg)

Item

0 1 3 6 12 .

Sig.

n 15 15 15 15 15
RBC (10%ml) 2.80+0.12 2.88+0.5° 2.90+0.4 2 2.99+0.3 2 3.09+0.6 * 0.34ns
WBC (10°/m) 1.53+0.03 ® 1.55+0.04 = 1.59+0.09 *® 1.65+£0.3 1.70+0.2 0.05%
HCT (%) 33+3.5° 33.50+2.52* 34+2.70 2 35+3.75® 36.5+4.1° 0.75ns
Hb (gr/dl) 10.98+1.5* 11.02+1.22 11.80+1.7% 12.05£1.9* 12.98+2.1 % 0.35ns
MCV (1) 117.85+£8.1* 116.31+7.11* 117.24+8.1 117.05£9.21* 118.12+12.11° 0.12ns
MCH (pg) 39.21+£3.9° 38.26+£2.9 * 40.68+3.8 2 40.30+£3.4* 424422 0.32ns
MCHC (gr/dl) 33.2740.24 * 32.89+0.23* 34.7+0.11° 34.42+0.3 35.56+0.2 ¢ 0.14ns
Neutrophil (%) 66.16+0.1 ° 63.55+0.5® 53.2240.2 % 51.44+£0.3 ® 49.59+0.4 ° 0.04*
Monocyte (%) 2.1140.21* 1.5+0.32* 1.75+0.12 ® 1.99+0.23 * 2.02+0.34 2 0.27ns
Lymphocytes (%) 37.69+6.2 ° 40.6+4.5° 70.4+3.4 % 73.56+4.11 8224542 0.03*

Values in the same row with different letters are significantly different (P <0.05). Sig. significant level; ns: non-significant and * significant at P <0.05. n = the

number of tested samples.

Table 3 Blood immune and biochemical indices in rainbow trout fingerlings fed dietary cinnamon (mean +SD)

Cinnamon (g/kg)
Item
0 1 3 6 12 .
Sig.
n 15 15 15 15 15
Immunoglobulin mg/dL. ~ 72.23+18.25° 100.23+14.23 @ 105.35+17.11 % 111.23+16.12 % 115.36+14.2° 0.04*
C3 mg/dL 21.24+6.25% 32.70+£5.78 ¢ 33.24+4.15° 35.29+£3.80° 37.88+4.22° 0.45ns
C4 mg/dL 6.38+2.61 * 8.20+£2.50 * 8.2242.42* 8.38+42.34* 9.31+2.03 * 0.12ns
ROS RLUs! 486.2+56.3 ° 1100.44+121.33 % 1213.6£156.85%  1315.66+214.25%  1380.25+220.12 ¢ 0.03*
Lysozyme pg/mL 2.40+0.56 ° 5.24+0.44 5.38+0.65 ® 5.65+0.47 ® 5.9840.56 * 0.023*
Glucose mg/dL 176.62£14.56*  174.24+8.89 ® 170.56£9.15 ® 165.64+9.31 150.55+8.56 ® 0.04*
Total protein g/dL 340+0.56 * 4.02+0.54 * 4.11+0.46 * 4.20£0.52 4.80+0.38 0.14ns
Albumin g/dL 2.40+0.46 * 2.12+0.54* 2.21+0.35* 2.4240.26 * 2.90+0.31* 0.44ns

Values in the same row with different letters are significantly different (P <0.05). Sig. significant level; ns: non-significant and * significant at P <0.05. n = the

number of tested samples.

also improve the absorption of nutrients.

The survival rate is the most important indicator that shows the general immunity condition against
pathogens and environmental stressors. Our findings revealed that although the maximum possible survival
rate was recorded in fish fed with cinnamon powder atl12 g/kg diet, there was no significant difference
compared with other treatments and the control. In this regard, the reported results by Rattanachaikunsopon
and Phunkhachorn (2010) and Ahmad et al. (2011) indicated that there was no significant difference in the
survival rate of Nile tilapia fed with different levels of cinnamon. However, although reported that notable
changes in fish survival rates have commonly been observed for treating periods longer than six months,
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proper conditions of study and water quality can lead to reducing fish losses and increasing survival rates
(Jina and Choa 2011).

Hematological parameters are important in diagnosing the health and physiology of fish which are
affected by nutrition conditions, environmental factors, age, sexual cycle, and other physiological
parameters (Kazerani Farahani 2009). Meanwhile, WBC is one of the vital indicators for the immune
system of organisms. It was clear that the percentage of neutrophils, lymphocytes, monocytes, stress,
disease, pollutants, nutritional conditions, ecological conditions, age, and sex affect the number of WBC
(Farahani 2011). The fishes’ immune system is improved by organs producing WBC (Farahani 2011).
In the present study, the highest content of WBC was calculated in fish treated with cinnamon at12 g/kg
diet, significantly different from the control (P < 0.05). Immune stimuli cause changes such as increasing
phagocytic cells and lymphocyte and macrophage activities in fish, these components act as a non-specific
fish defense system and are of particular importance in the health and immune system of fish (MacArthur
and Fletcher 1985). Based on our findings, increases in stimulation and strengthening of the immune system
and survival rate in rainbow trout fingerlings, as well as the decrease in infectious diseases, can be related
to the WBC increasing by dietary cinnamon.

Hemoglobin and hematocrit directly depend on the changes in RBC, therefor increasing hemoglobin
content has direct effects on fish respiratory gas transport, heart rate, and final weight (Kazerani Farahani
2009). In the present study, despite the non-significant increases in erythrocyte, hemoglobin, and hematocrit
indices, the relative superiority of fish respiratory status in treatments containing cinnamon powder can be
related to cinnamon effects on improving blood parameters. Kesbi¢ (2019a) showed that 4 mL cinnamon
oil in a one kg diet can enhance RBC, Hb and hematocrit in rainbow trout. Dietary 1% cinnamon powder
had no significant effects on hematological indices of Green terror (Roozy et al. 2013). Ahmad et al. (2011)
showed that 1% cinnamon powder in diet can increase significantly the number of RBC, hemoglobin, and
hematocrit in Nile tilapia. Also, Kesbi¢ (2019b) showed that 5-10 mL juniper berry oil in a one kg diet can
enhance RBC, Hb and hematocrit in common carp (Cyprinus carpio). Mazandarani and Hoseini (2017)
have reported, in their anaesthesia study on juvenile carps, that 1.8-cineole exhibits a dose-dependent
sedative effect in fish. It is believed that the increase in the hemoglobin levels due to the consumption
of herbal additives is the result of the ventilation slowing down because of sedation (Forgan and Forster
2010). Therefore, it can be concluded that immune stimulants may have no significant effects on RBC,
hemoglobin, and hematocrits.

Hematological and biochemical blood indices reflect the health status of fish when treated with various
feed additives (Zemheri-Navruz etal. 2019; Dawood etal. 2021). Age, feeding, sexual maturity, photoperiod,
water quality, water temperature and method for blood sampling are factors influencing blood biochemical
parameters in fish (Coskun et al. 2016; Fazio et al. 2016). However, fish blood glucose level has been
calculated at ranges of 25 to 350 mg/dl in normal conditions, depending on the fish species (Thrall 2004),
which was estimated 150.6-176.6 mg/dl in the present study. Kesbi¢ (2019a) showed a decrease in serum
glucose level by increasing dietary cinnamon oil level in rainbow trout. Also, more reports are available
on the dietary cinnamon powder’s antioxidant effects on insulin activity which shown decreasing blood
glucose and increasing cell metabolism processes (Roozy et al. 2013; Gheibi et al. 2005). Broadhurst et al.
(2000) reported that cinnamon polyphenolic compounds affect the rats’ pancreas and lead to hypoglycemia
and increasing glucose metabolism due to increased insulin secretion. Accordingly, it seems that cinnamon
powder has efficient role in hypoglycemia and increasing cell metabolism due to the diverse effects of its
polyphenolic compounds on insulin secretion and strengthening insulin function.

The IgM antibody changes in fish fed with cinnamon powder at 12 g/kg diet had a significant increase
compared to the control. Generally, it can be concluded that antibody titer changes were concentration-
dependent on the cinnamon powder. In confirming the positive effects of herbal compounds on the
immunoglobulin of fish, Yin et al. (2009) showed that the extracts of Astragalus radix and Ganoderma
lucidum significantly enhanced the carp immune system. Changes in serum complement are substantial in
protecting the nonspecific immune system of fish so that fish health is directly associated with increased
plasma C3 and C4 levels (Yano et al. 1996). The C3 and C4 slightly increased in treatments containing
cinnamon powder compared to the control. It can be affected by additive plant species, compound type,
various concentrations, and fish species.

Plant stimulants can significantly increase phagocytosis respiratory burst activity in fish. ROS is one
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of the main specific factors involved in this process that are secreted by some phagocytic cells such as
neutrophils. The results of this study showed that ROS changes in treatments containing cinnamon powder
increased significantly, also enhanced with increasing concentrations of the plant composition. Yin et al.
(2009) reported that indices of respiratory burst activity and ROS production increased by using Astragalus
radix extract at 0.5% and the combination of Astragalus radix + Ganoderma lucidum extracts. Ardo et al.
(2008) reported that using 0.5% of Astragalus membranaceus and Lonicera japonica extracts, individually
and in combination, led to significant increases in the respiratory burst activity and ROS content. Our
obtained results were in line with the results of Peddie and Secombes (2003), who reported an increase in the
respiratory burst and ROS activities in trout affected by Lavandula anguistifola, Eupatorium perfoliatum,
and Baptista tinctoria extracts.

Lysozyme is one of the components of the body’s nonspecific immune system that penetrates bacterial
cells by removing the 1-4 glycosidic bonds between hard components of the cell wall of gram-positive
bacteria, such as peptides and glycans. Our results showed a positive significant relationship between
increasing cinnamon powder levels and lysozyme activity, which was consistent with the results of Yin et
al. (2009). Pourgholam et al. (2013) stated that the highest lysozyme activity was observed at a combined
concentration of 1.5 g/kg Echinacea and 5 g/kg Astragalus in trout fish. Therefore, it can be concluded that
there is a direct association between the concentration of plant compounds and lysozyme activity.

Conclusion

The data resulted from the present study indicate the growth performance traits and immunological indices
of rainbow trout fingerlings were positively influenced by supplementation of feed with cinnamon powder.
The hematological parameters showed a positive influence of cinnamon. The tested dietary supplement
had no side effects on studied blood biochemical parameters. Better results in fish that received a ration
supplemented with cinnamon were probably due to the high content of vitamins, minerals and phenolic
compounds in the cinnamon, as well as to improved organoleptic quality of feed and its digestibility.
Therefore, it can be concluded that 12 g/kg of cinnamon powder is required with no adverse effects for
better performances of rainbow trout fingerlings.

Acknowledgments The authors would like to thank the Coldwater Fishes Research Center and Mr. Mostafa Bagheri Tavani and Milad
Ranjbar for their willingness to cooperate in conducting and improving the quality of this research.

Conflicts of interest The authors declare no conflict of interest.
References

Abdel-Tawwab M, Samir F, El-Naby ASA, Monier MN (2018) Antioxidative and immunostimulatory effect of dietary cinnamon
nanoparticles on the performance of Nile Tilapia, Oreochromis niloticus (L.) and its susceptibility to hypoxia stress and Aeromonas
hydrophila infection. Fish Shellfish Immunol 74:19-25

Adedeji OS, Farinu GO, Olayemi TB, Ameen SA, Babatunde GM (2008) The use of bitter kola (Garcinia kola) dry seed powder as a
natural growth promoting agent in broiler chicks. Res J Poult Sci 2:78-81

Ahmad MH, Elmesallamy AMD, Samir F, Zahran F (2011) Effect of cinnamon (Cinnamomum zeylanicum) on growth performance,
feed utilization, whole-body composition, and resistance to Aeromonas hydrophila in Nile Tilapia. J Appl Aquaculture 23:289-298

Amar EC, Kiron V, Satoh S, Watanabe T (2004) Enhancement of innate immunity in rainbow trout (Oncorhynchus mykiss) associated
with dietary intake of carotenoids from natural products. Fish Shellfish Immunol 16:527-537

Ardo L, Yin G, Xu P, Varadi L, Szigeti G, Jeney Z, Jeney G (2008) Chinese herbs (4stragalus membranaceus and Lonicera japonica)
and boron enhance the non-specific immune response of Nile Tilapia (Oreochromis niloticus) and resistance against Aeromonas
hydrophila, Aquaculture 275(1-4):26-33

Asadi MS, Mirvaghefei AR, Nematollahi MA, Banaee M, Ahmadi K (2012) Effects of watercress (Nasturtium nasturtium) extract on
some immunological parameters of rainbow trout (Oncorhynchus mykiss). Open Vet J 2:32-39

Bulut M, Yigit M, Ergiin S, Kesbi¢ OS, Acar U, Giiltepe N, Giiroy D (2014) Evaluation of dietary protein and lipid requirements of
two-banded seabream (Diplodus vulgaris) cultured in a recirculating aquaculture system. Aquacult Int 22(3):965-973

Begum MK, Eshik MME, Punom NJ, Abedin MM, Rahman MS (2018) Growth performances and bacterial load of Heteropneustes
fossilis (Bloch, 1794) using cinnamon as feed supplement. Bangladesh J Zool 46(2):155-166

Borges A, Scotti LV, Siqueira DR, Jurinitz DF, Wassermann GF (2004) Hematologic and serum biochemical values for hundia
(Rhamdia quelem). Fish Physiol Biochem 30:21-25

Broadhurst CL, Polansky MM, Anderson RA (2000) Insulin-like biological activity of culinary and medicinal plant aqueous extracts
in vitro J Agric Food Chem 48:849-52

Citarasu T (2010) Herbal biomedicines: a new opportunity for aquaculture industry. Aquacult Int 18:403-414

Coskun OF, Aydin D, Duman F (2016) Comparison of some blood parameters of rainbow trout (Oncorhynchus mykiss) living in



220 Int Aquat Res (2022) 14:213-221

running and still water. Iran J Fish Sci 15(1):497-507

Dawood MAO, Ali MF, Amer AA, Gewaily MS, Mahmoud MM, Alkafafy M, Assar DH, Soliman AA, Van Doan H (2021) The influence
of coconut oil on the growth, immune, and antioxidative responses and the intestinal digestive enzymes and histomorphometry
features of Nile Tilapia (Oreochromis niloticus) Fish Physiol Biochem 47(4):869-880

Dedi J, Hutama AA, Nurhayati T, Vinasyiam A (2016) Growth performance and flesh quality of common carp, Cyprinus carpio
feeding on the diet supplemented with cinnamon (Cinnamomum burmannii) leaf. AACL Bioflux 9(5):937-943

Dugenci SK, Arda N, Candan A (2003) Some medicinal plants as immunostimulant for fish. J Ethnopharmacol 88:99-106

Ellis AE (1990) Lysozyme Assays. In: Stolen JS, Fletcher TC, Anderson DP, Roberson BS, Van Muiswinkel WB, Eds, Techniques in
fish immunology, SOS Publications, Fair Haven, 101-103.

Farahani R (2011) Scientific-functional methods of proliferation and breeding of rainbow trout. Naghsh Mehr Publishing, Iran, 210 p

Farzanfar A, Lashto Aghaei G, Alizadeh M, Bayati M, Ghorban R (2007) Study on growth performance of rainbow trout, Oncorhynchus
mykiss, larvae with different concentration of probiotic in diet P: 95-114 In: Wright JA and Friedman RH (Eds) proceedings of
Aquaculture, San Antonio TX: US Aquaculture Society

Fazio F, Saoca C, Piccione G, Kesbi¢ OS, Acar U (2016) Comparative study of some hematological and biochemical parameters of
Italian and Turkish farmed rainbow trout Oncorhynchus mykiss (Walbaum, 1792) Turk J Fish Aqua Sci 16(3):715-721

Feldman BF, Zinkl JG, Jian NC (2000) Schalm’s veterinary hematology, 3nd edn Lippincott Williams and Wilkins publication,
Philadelphia, USA pp 32-36

Forgan LG, Forster ME (2010) Oxygen consumption, ventilation frequency and cytochrome c oxidase activity in blue cod (Parapercis
colias) exposed to hydrogen sulphide or isoeugenol. Comp Biochem Physiol Part C: Toxicology and Pharmacology 151(1):57-65

Gabor EF, Sara A, Barbu A (2010) The effects of some Phyto-additives on growth, health and meat quality on different species of fish
scientific papers. Animal Sci Biotech 43(1):61-65

Gabor EF, Sara A, Molnar F, Bentea M (2011) The influence of some Phyto-additives on growth performances and meat quality in
rainbow trout (Oncorhynchus mykiss). Animal Sci Biotech 44(2):13-18

Galina J, Yin G, Ardo L, Jeney Z (2009) The use of immunostimulating herbs in fish an overview of research. Fish Physiol Biochem
35:669-676

Georgieva K, Zhelyazkov G, Staykov Y, Georgiev D (2018) Effect of dietary phytoextracts supplementation on the chemical
composition and fatty acid profile of rainbow trout (Oncorhynchus mykiss W), cultivated in recirculation system. Agri Sci Tech
10(3):215-221

Georgieva K, Zhelyazkov G, Staykov Y, Georgiev D (2019) Effect of dietary phytoextracts supplementation on chemical composition
of common carp (Cyprinus carpio L), cultivated in recirculating system. Bulgarian J Agr Sci 25(3):178-181

Gheibi N, Parvizi MR, Jahani Hashemi H (2005) The effect of cinnamon on glucose concentration of diabetic rats in presence or
absence of insulin. J Qazvin Uni Med Sci 9(3):3-8

Gruenwald J, Freder J, Armbruester N (2010) Cinnamon and health. Crit Rev Food Sci Nutr 50:822-834

Heshmati J, Sepidarkish M, Morvaridzadeh M, Farsi F, Tripathi N, Razavi M, Rezaeinejad M (2021) The effect of cinnamon
supplementation on glycemic control in women with polycystic ovary syndrome: A systematic review and meta-analysis. J Food
Biochem 45:¢13543

Jina S, Choa KH (2011) Water extracts of cinnamon and clove exhibits potent inhibition of protein glycation and anti-atherosclerotic
activity in vitro and in vivo hypolipidemic activity in zebra fish. Food Chem Tox 49:1521-1529

Kazerani Farahani S (2009) The survey of amount of hematological factors in Acipenseridae family. J Ani Biol 2(1):57-61

Kesbi¢ OS (2019a) Effects of the cinnamon oil (Cinnamomum verum) on growth performance and blood parameters of rainbow trout
(Oncorhynchus mykiss). Turk J Agr-Food Sci Tech 7(2):370-376

Kesbi¢ OS (2019b) Effects of juniper berry oil on growth performance and blood parameters in common carp (Cyprinus carpio). Aqua
Res 50(1):342-349

Kesbig OS, Yigit M (2019) Structural and chemical changes of grape seed extract after thermal processing and its use in rainbow trout
(Oncorhynchus mykiss) diets as an organic feed supplement. Aquaculture 503:275-281

Kesbi¢ OS, Parrino V, Acar U, Yilmaz S, Paro GL, Fazio F (2020) Effects of Monterey cypress (Cupressus macrocarpa Hartw) leaf
essential oil as a dietary supplement on growth performance and haematological and biochemical parameters of common carp
(Cyprinus carpio L.). Annal Anim Sci 20(4):1411-1426

Koshinski R (2019) Growth efficiency, biochemical blood parameters and meat quality of rainbow trout (Oncorhynchus mykiss W) fed
with supplement of white yarrow extract (Achillea millefolium L). AACL Bioflux 12(6):2298-2305

Koshinski R (2020) Effect of Taraxacum officinale weber ex wiggers extract on growth performance, biochemical blood parameters
and meat quality of rainbow trout (Oncorhynchus mykiss W), cultivated in a recirculating system. AACL Bioflux 13(1):109-117

Kunkel E (1978) Flowering trees in subtropical garden boston. Drw Tunk ov Publisher 254-8

MacArthur JI, Fletcher TC (1985) Phagocytosls in fish In: Manning MJ, Tatner MF (eds) Fish immunology Academic Press, London,
pp 29-46

Mazandarani M, Hoseini SM (2017) Menthol and 1, 8-cineole as new anaesthetics in common carp, Cyprinus carpio (Linnaeus,
1758). Aqua Res 48(6):3041-3051

Thrall MA (2004) Veterinary hematology and clinical chemistry, Volume 1. Lippincott Williams and Wilkins — Medical 518 pages

Mehdipour Z, Afsharmanesh M (2018) Evaluation of synbiotic and cinnamon (Cinnamomum verum) as antibiotic growth promoter
substitutions on growth performance, intestinal microbial populations and blood parameters in Japanese quail. J Livest Sci
Technol 6:1-8

Metwally M (2009) Effects of garlic (4/lium sativum) on some antioxidant activities in Tilapia Nilotica (Oreochromis niloticus). World
J Fish Mar Sci 1:56-64

Mohsenzadeh M, Gorganzadeh A, Rezaeian Doloei R, Qazvini K (2003) Investigating the antibacterial properties of different
concentrations of extracts of some Iranian medicinal plants. 13" Iranian veterinary congress, Ferdowsi University of Mashhad,
Mashhad, Iran

Mooraki N, Roozy Y, Zorrieh Zahra SJ, Safi S, Haghighi M (2013) Evaluating the effects of cinnamon (Cinnamonum zeylanicm)
powder on growth indices, specific growth rate and survival rate of green terror (Andinocara rivulatus). J Mar Sci Tech Res
8(3):68-79



Int Aquat Res (2022) 14:213-221 221

Peddie S, Zou J, Secombes CJ (2002) Immunostimulation in the rainbow trout (Oncorhynchus mykiss) following intraperitoneal
administration of ergosan. Vet Immunol Immunopathol 86:101-113

Pourgholam R, Sharif Rohani M, Safari R, Saeeidi AA, Binaeei M, Najafeyan R, Bankehsaz Z, Taghavi MJ, Sepahdari A (2013)
Effect of Echinacea purpurea extract on the immune system of rainbow trout (Oncorhynchus mykiss) and its resistance to
streptococcusis. Iran J Fish Sci 22(3):1-12

Rao YV, Das BK, Pardhan J, Chakrabarti R (2006) Effect of Achyranthes aspera on the immunity and survival of Labeo rohita
infected with Aeromonas hydrophila. Fish Shellfish Immunol 20:263-273

Rattanachaikunsopon P, Phunkhachorn P (2010) Potential of cinnamon (Cinnamomum verum) oil to control Streptococcus iniae
infection in tilapia (Oreochromis niloticus). Fish Sci 76:287-293

Ravardshiri M, Bahram S, Javadian SR, Bahrekazemi M (2021) Cinnamon promotes growth performance, digestive enzyme, blood
parameters, and antioxidant activity of rainbow trout (Oncorhynchus mykiss) in low-carbohydrate diets. Turk J Fish Aquat Sci
21:309-322

Roozy Y, Moreki N, Zoriyeh Zahra SJ, Haghighi M (2013) Effect of different levels of powdered cinnamon (Cinnamomum zeylanicm)
in the diet of fish green terror (Andinocara rivulatus) index, blood glucose and survival. Breed Aqua Sci 1(3):41-52

Salaby S, Das BK, Pradhan I, Mohapatra BC, Mishra BK, Sarangi N (2006) Effect of ,Magnifera Indic Kernel asa feed additive on
immunity and resistance to Aeromoas hydrophila in Labeo rohita finger lings. Fish Shellfish Immunol 23:109-118

Shalaby AM, Khattab YM, Abdel rahman AM (2006) Effects of garlic (4//ium sativum) and chloramphenicol on growth performance,
physiological parameters and survival of Nile Tilapia (Oreochromis niloticus). ] Venom Anim Toxins incl Trop Dis 12:172-201

Sirakov I, Velichkova K, Stoyanova S, Zhelyazkov G, Staykov Y (2019) The effect of diet supplemented with dandelion’s (Taraxacum
officinale) extract on the productive and blood parameters of common carp (Cyprinus carpio L), cultivated in the recirculation
system. Macedonian Vet Rev 42(2):131-139

Stoyanova S, Zhelyazkov G, Sirakov I, Velichkova K (2018) Original contribution influence of dietary Cinnamomum verum extract on
the growth and economic efficacy of common carp (Cyprinus carpio L), reared in a recirculation system. Trakia J Sci 16(4):307-
312

Velichkova K, Sirakov I, Stoyanova S, Zhelyazkov G, Staykov Y, Slavov T (2019) Effect of Acorus calamus L extract on growth
performance and blood parameters of common carp (Cyprinus carpio L) cultivated in a recirculation system. J Cent Europ Agri
20(2):585-591

Watanuki H, Ota K, Malina AC, Tassakka AR, Kato T, Sakai M (2006) Immunostimulant effects of dietary Spirulina platensis on carp,
Cyprinus carpio. Aquaculture 258:157-163

Yamamoto T, Yonemasu K (1999) Multiple molecular forms of serum immunoglobulin M in a patient with Waldenstrom
macroglobulinemia. Clinica Chimica Acta 289:173—-176

Yano T (1996) The non-specific immune system: humoral defense In: The fish immune system organism, pathogen and environment.
Iwama, G and nakanishi, T (Eds) Academic press, Londen 105-157p

Yao JY, Shen JY, Li XL, Xu Y, Hao GJ, Pan XY, Wang GX, Yin WL (2011) Isolation of bioactive components from Chelidonium majus
with activity against 7richodina sp. Aqua J 318:235-238

Yin G, Ardé L, Thompson KD, Adams A, Jeney Z, Jeney G (2009) Chinese herbs (4stragalus radix and Ganoderma lucidum) enhance
immune response of carp, Cyprinus carpio and protection against Aeromonas hydrophila. Fish Shellfish Immunol 26(1):140-145

Zemheri-Navruz F, Acar U, Yilmaz S (2019) Dietary supplementation of olive leaf extract increases haematological, serum
biochemical parameters and immune related genes expression level in common carp (Cyprinus carpio) juveniles. Fish Shellfish
Immunol 89:672-676

Zhelyazkov G, Stoyanova S, Sirakov I, Velichkova K, Staykov Y (2018) Effect of nutmeg extract supplementation on some productive
traits and economic efficiency of common carp (Cyprinus carpio L) cultivated in recirculation system. Agri Sci Tech 10(1):54-56

Zhou Y, Jiang W-D, Zhang J-X, Feng L, Wu P, Liu Y, Jiang J, Kuang S-Y, Tang L, Peng Y (2020) Cinnamaldehyde improves the
growth performance and digestion and absorption capacity in grass carp (Ctenopharyngodon idella). Fish Physiol Biochem
46:1589-1601

Publisher’s Note
IAU remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.




	_Hlk98793039
	_Hlk98864165
	_Hlk98867570

