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INTRODUCTION 

 

The rapid advancement of aquaculture sector to intensive, high density regimes has 

inevitably resulted in posing an extended and increased pressure on aquaculture 

operations, largely due to using high levels of fat and excessively feeding systems which 

was contributed to various prevalent health concerns, including hepatic-steatosis (Zhang 
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This research examined the impact of incorporating cinnamon  meal 

(CM), water cinnamon extract (CEX), and its combination on fish 

productivities, blood parameters and economic outcomes over 56 days. Five 

groups of fish were fed different diets: a control diet (D1), 1% cinnamon meal 

(D2), 1% water cinnamon extract (D3), combinations of 0.5% CM and 0.5% 

WCEX (D4), and 1% CM and 1% WCEX (D5). All diets were iso-caloric and 

iso-nitrogenous. Significant improvements in growth performances and feed 

utilization parameters were observed (P<0.05) in D5 (1% CM and 1% WCEX) 

compared to control or other treatments, with 100% survival in the D2, D4, 

and D5 groups, compared to 93.33% in D1 and D3. Feed conversion ratio 

improved with cinnamon-treated diets, and serum protein and globulin levels 

increased significantly, while cholesterol levels decreased. Body composition 

analysis showed a significant reduction in OM and CP, while DM, EE, ash, 

and GE content increased. The economic return improved in cinnamon-treated 

groups, though the percentage of profitable value decreased slightly. Diet costs 

were reduced, and net improvement over the control ranged from 2.32 to 

8.82%. In conclusion, adding cinnamon meal and/or cinnamon water extract to 

fish diets impacted growth and feed efficiency positively, without negative 

effects. 
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et al., 2011), inflammation (Chen et al., 2016), lipo-toxicity (Chitraju et al., 2017), 

mitochondria damages at the ultra structural level (Cao et al., 2019), and hepatobiliary 

disorders (Li et al., 2024). Consequently, a profound effect has been recorded on general 

health and fish productivity, posing a serious obstacle in the aquaculture sustainability’s 

sector and welfare and threatening productivity performance. It is worth noting that the 

Nile tilapia is a widely favored species in aquaculture due to its favorable growth 

characteristics and high market value (Abdel-Tawwab et al., 2018; Abdellah et al., 

2024). According to Pridgeon and Klesius (2011), while intensive aquaculture systems 

are efficient, they can expose fish to stress resulting from poor water quality and hypoxia. 

This stress may impair their immune systems and increase their susceptibility to diseases, 

such as those caused by the Gram-negative bacterium Aeromonas hydrophila, leading to 

economic losses in both marine and freshwater environments. Alderman and Hastings 

(1998) and Teuber (2001) noted that using antibiotics for disease prevention can lead to 

developing the antibiotic resistant bacteria. Consequently, there has been growing 

attention toward finding cost-effective and environmentally friendly feed additives as 

alternatives to traditional antibiotics. Abdel-Tawwab (2012), Van Doan et al. (2017), 

and Abozaied et al. (2024a, b) emphasized the need to improve feed quality with 

additives to enhance tilapia productivity. Numerous studies have explored the use of 

various medicinal herbs to provide therapeutic benefits with minimal negative effects 

(Dügenci et al., 2003; Citarasu, 2010; Harikrishnan et al., 2011). Recent research has 

increasingly focused on medicinal plants as feed additives to boost productivity and 

immune response (Reverter et al., 2014; Awad & Awaad, 2017; Hoseinifar et al., 

2020; Abdel-Latif et al., 2022; Hamed et al., 2022). 

Cinnamon, known for its wide range of biological activities, contains numerous 

bioactive compounds such as essential oils and polyphenols (Kwon et al., 2009; 

Gruenwald et al., 2010). These compounds act as scavengers of reactive oxygen and 

nitrogen species and redox-active metals (Rice-Evans et al., 1997; Łuczaj et al., 2009). 

Cinnamon has been well-documented for its anti-inflammatory (Lee et al., 2005), 

antimicrobial (Matan et al., 2006), and antioxidant (Shan et al., 2009) effects. Its 

potential to enhance fish productivity and resistance to bacterial infections has been 

recognized (Ahmad et al., 2011; Setiawati et al., 2016; Sivagurunathan & Innocent, 

2017). Additionally, Hamed et al. (2022) suggested that cinnamon could serve as an 

immune stimulant to mitigate toxicities. 

Cinnamon powder is also known for its anti-flatulent properties (Nabavi et al., 2015). 

Many bioactive substances such as cinnamic aldehyde exhibit strong antioxidant 

activities by scavenging free radicals (Lee et al., 2005; Łuczaj et al., 2009; Shan et al., 

2009; Ahmadifar et al., 2021). Several investigations have demonstrated that dietary 

cinnamon positively impacts the performance, antioxidant levels, and resistance to 

bacterial infections in aquatic species (Ahmad et al., 2011; Sivagurunathan & 

Innocent, 2017; Begum et al., 2018). 
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Our investigation aimed to explore the effects of incorporating cinnamon meal and/or 

cinnamon extract in water on productivity, biochemical parameters, and economic 

viability in the Nile tilapia. 

 

MATERIALS AND METHODS  

 

Our study was conducted in Fish Lab. of Biological Agriculture Research Institute, 

National Research Center. 

Experimental units 

One hundred fifty Nile tilapia fingerlings, with an average initial weight of 14.4 ± 0.602 

g, were acclimated and then randomly assigned to experimental aquariums. The fish were 

distributed among 15 aquariums, each housing 10 fish (80 × 40 × 30cm, 60-liter 

capacity). 

Experimental diets  

Five different diets were prepared, each containing 30% crude protein, as outlined 

below: 

D1: Control diet without cinnamon. 

D2: Containing 1% cinnamon meal (CM). 

D3: Containing 1% water cinnamon extract (WCEX). 

D4: Containing 0.5% CM + 0.5% WCEX. 

D5: Containing 1% CM + 1% WCEX. 

The feeding trial lasted for 56 days from mid-March to mid-May 2024. The composition 

of the different experimental rations is detailed in Table (1). 

 

Table 1. Composition of the different experimental rations 

Item 

Experimental diets  

Price 

of 

tone 

LE 

Control 

 

1% 

CM 

1% 

WCEX 

0.5% CM 

+ 

0.5% WCEX 

1% CM 

+ 

1% WCEX 

D1 D2 D3 D4 D5 

Composition of tested diets 

Cinnamon meal (CM) 0 1 0 0.5 1 3000 

Water cinnamon extract 

(WCEX) 
0 0 1 0.5 1 500 

Soybean meal (44%) 40 40 40 40 40 33000 

Protein concentration (56%) 17 17 17 17 17 25000 

Yellow corn (8%) 28 28 28 28 28 12500 

Wheat bran (13%) 10 9 9 9 8 14500 

Vegetable oil 3 3 3 3 3 50000 

Salt (sodium chloride) 1 1 1 1 1 5000 

Vitamin and Minerals 1 1 1 1 1 40000 

Price of ton fed (LE) 24350 24235 24210 24223 24095 --- 

Price of kg fed (LE) 24.350 24.235 24.210 24.223 24.095 --- 

CM: Cinnamon meal. WCEX: Water cinnamon extract 
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Growth performance parameters 

BWG = Final weight - Initial weight 

SR % = (N at the end / N at the beginning) × 100 

N: Number of fish 

SGR = [(ln final weight (g) - ln initial weight (g)) / Number of days] × 100 

FCR = Total dry matter intake (TDMI, g) / Total body weight gain (TBWG, g) 

Protein efficiency ratio, PER = TBWG, g / TCPI, g 

Feed efficiency, FE % = (Weight gain (g) / Feed intake (g)) × 100 

Protein productive value, PPV % = [(PR1 - PR0) / PI] × 100 

Energy retention, ER %: 

ER % = [(E - E0) / EF] × 100 

 

 

Blood sampling 

After anesthetizing fish with clove oil (0.5ml/ l), samples were taken from the caudal 

vein using  3ml syringe and allowed to be clotted at room temperature for fifteen minutes. 

Blood samples were centrifuged at 3000rpm/ 15min, then the serum was separated, 

collected, and kept at -20°C before being subjected to biochemical assays. 

 

Body composition 

Initially, 15 fish were used for body composition. When the study ended, 6 

fingerlings from each treatment group were used for body composition analysis. 

 

Analytical procedures 

Testing either diets or fish body composition were conducted according to AOAC 

(2016) methods. 

 

Biochemical assays 

Aspartate aminotransferase (AST) (Reitman & Frankel, 1957), serum total proteins 

(Cannon et al., 1974), cholesterol (Ellefson & Caraway, 1976), globulin, alanine 

aminotransferase (ALT), glucose (Caraway & Watts, 1987), albumin, uric acid and 

creatinine (Tietz, 1990) were determined. Each biochemical parameter was 

colorimetrically analyzed in accordance with the manufacturer's instructions. 

 

Calculated data 

Gross energy for the experimental diets and fish body composition was calculated 

based on the studies of Blaxter (1968) and MacRae and Lobley (2003), using the 

following values: 5.65 kcal/g for protein, 9.40kcal/ g for ether extract, and 4.15kcal/ g for 

crude fiber and nitrogen-free extract. 

The metabolizable energy (ME) was determined according to NRC (2011), with 

values of 4.50kcal/ g for protein, 8.15kcal/ g for fat, and 3.49kcal/ g for carbohydrates. In 

addition, the protein energy ratio was calculated according to NRC (2011). 
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Statistical analysis 

Data were analyzed using one-way (ANOVA) with SPSS (2020). Duncan (1955) test 

was used to differentiate between means. 

 

RESULTS  

 

Chemical analysis of the experimental diets 

Chemical analysis results, detailed in Table (2), show that the CP content across of 

five rations ranged from 30.18 to 30.51%. Gross energy (GE) values varied between 4512 

and 4562kcal/ kg, while metabolizable energy (ME) ranged from 353.75 to 359.23kcal/ 

kg. Additionally, the protein energy ratio was between 84.93 and 85.42mg CP/kcal ME. 

These values are deemed appropriate for meeting the nutritional requirements of the Nile 

tilapia. Moreover, all diets were comparable in terms of caloric and nitrogen contents. 

 

 Table 2. Chemical analysis of different experimental diets    

Item 

Experimental diets 

Control 

 

1% 

CM 

1% 

WCEX 

0.5% CM 

+ 

0.5% WCEX 

1% CM 

+ 

1% WCEX 

D1 D2 D3 D4 D5 
Moisture 6.59 7.50 7.32 7.27 7.04 

  Dry matter  93.41 92.50 92.68 92.73 92.96 

Chemical analysis on DM basis 

Organic matter 

Crude protein 

Crude fiber 

Ether extract 

Nitrogen free extract  

Ash  

94.11 

30.51 

5.07 

3.79 

54.74 

5.89 

94.00 

30.18 

5.22 

3.48 

55.12 

6.00 

93.85 

30.26 

5.18 

3.89 

54.52 

6.15 

93.79 

30.22 

5.64 

3.35 

54.58 

6.21 

93.68 

30.34 

5.40 

3.22 

54.72 

6.32 

Gross energy kcal/ kg DM  4562 4536 4553 4521 4512 

Metabolizable energy(ME) kcal/ kg DM  359.23 356.54 358.15 353.78 353.75 

Protein energy ratio(PER) (mg CP/ Kcal ME)  84.93 84.65 84.49 85.42 85.77 

CM: Cinnamon meal. WCEX: Water cinnamon extract, GE: calculated according to Blaxter (1968) and 

MacRae and Lobley (2003) 

ME and PER calculated according to NRC (2011).   
 

Growth and survival ratio  

The results presented in Table (3) reveal that feeding the Nile tilapia on diets 

containing cinnamon meal (CM), water cinnamon extract (WCEX), or their combination 

(D2, D3, D4, and D5) led to significant improvements in FW, TBWG, and ADG 

compared to the control diet (D1). Additionally, SGR were enhanced in all groups, except 

for those fed with D3, relative to the control. The survival rates were 100% in D2, D4, 

and D5 groups, whereas the survival was 93.33% for D1 and D3 groups. Similarly, the 

mortality rate was zero in  D2, D4, and D5 groups, compared to 6.67% n D1 and D3 

groups. Overall, the inclusion of cinnamon meal, water cinnamon extract, or their 

combination in the diets had a significant impact on these productivities and survival 

parameters. 

https://www.sciencedirect.com/science/article/abs/pii/0301622682900501?via%3Dihub#%21
https://www.sciencedirect.com/science/article/abs/pii/0301622682900501?via%3Dihub#%21
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Table 3. Growth performance, specific growth rate and survival ratio of different 

experimental groups 

Item 

Experimental diets 

SEM 
Sign. 

P<0.05 

Control 

 

1% 

CM 

1% 

WCEX 

0.5% CM 

+ 

0.5% WCEX 

1% CM 

+ 

1% WCEX 

D1 D2 D3 D4 D5 

Number of fish 30 30 30 30 30 - - 
 IW/10 fish 143 146 142 143 146 0.602 NS 
FW/10 fish 349c 366b 362b 368b 390a 3.717 * 
Total body weight gain, g (TBWG) 206c 220b 220b 225b 244a 3.544 * 
Duration experimental period 56 days 
Average daily gain, g (ADG) 3.68c 3.93b 3.93b 4.02b 4.36a 0.063 * 
Specific growth rate (SGR) 1.45c 1.51bc 1.20d 1.57b 1.67a 0.044 * 
N at the starter 45 45 45 45 45 - - 
N at the end 42 45 42 45 45 - - 
Survival ratio 93.33 100 93.33 100 100 - - 
Number of dead fish 3 Zero 3 Zero Zero - - 
Mortality rate percentages 6.67 Zero 6.67 Zero Zero - - 

CM: Cinnamon meal. WCEX: Water cinnamon extract. 

 

Feed utilization 

The recorded results in Table (4) indicate that the inclusion of cinnamon meal (CM), 

water cinnamon extract (WCEX), and their combinations in D2, D3, D4, and D5 groups 

led to significant improvements in FCR compared to the basal diet (D1). Additionally, the 

treatments exhibited a significant increase in the feed intake (FI) across the experimental 

groups, with recorded values of 532.14, 553.72, 540.64, 548, and 572.88g for D1, D2, 

D3, D4, and D5, respectively.  

Similarly, the crude protein intake (CPI) was significantly higher in D2, D3, D4, and 

D5 groups compared to the basal diet, with corresponding values of 162.36, 167.11, 

163.60, 165.89, and 173.81g for the respective diets. 

 

Table 4. Feed utilization of the different experimental groups 

Item 

Experimental diets 

 

SEM 

 

 

Sign. 

P<0.05 

Control 

 

1% 

CM 

1% 

WCEX 

0.5% CM 

+ 

0.5% WCEX 

1% CM 

+ 

1% WCEX 

D1 D2 D3 D4 D5 

Total body weight gain, g 

(TBWG) 
206c 220b 220b 225b 244a 3.544 * 

Feed intake (FI), g 532.14d 553.72b 540.64c 548b 572.88a 3.790 * 

Feed conversion ratio (FCR)  2.58c 2.52bc 2.46abc 2.44ab 2.35a 0.025 * 

Feed crude protein % 30.51 30.18 30.26 30.22 30.34 - - 

Crude protein intake (CPI), g 162.36b 167.11b 163.60b 165.89b 173.81a 1.273 * 

Protein efficiency ratio (PER)  1.269c 1.316bc 1.345abc 1.356ab 1.404a 0.015 * 

CM: Cinnamon meal.  

WCEX: Water cinnamon extract. 
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Biochemical parameters 

  Table (5) shows that protein serum and globulin levels increased significantly in 

all groups receiving cinnamon treatments compared to the basal diet (D1), with the 

highest values recorded in fish fed diet D5 (5.54 and 4.21g/ dl, respectively). Albumin 

levels significantly decreased in D3 group but significantly increased (P < 0.05) in groups 

receiving diets D4 and D5, which combined cinnamon meal and water cinnamon extract. 

The highest alanine aminotransferase (ALT) level in D2 group was 86.8 units/l, while the 

highest aspartate aminotransferase (AST) level in D4 group was 247.0 units/l. Uric acid 

and creatinine levels were significantly higher in fish fed diets D4 and D3, respectively. 

Additionally, dietary treatments led to a significant increase in glucose levels compared 

to the basal diet (D1), while cholesterol levels decreased in groups receiving cinnamon 

meal, water cinnamon extract, or their combination (D2, D3, D4, and D5) compared to 

the basal diet (D1). Remarkably, the lowest cholesterol value was recorded in D3 group. 

 

 

Table 5. Biochemical parameters of the different experimental groups 

Item 

Experimental diets  

 

SEM 

 

 

Sign. 

P<0.05 

Control 

 

1 % 

CM 

1% 

WCEX 

0.5% CM 

+ 

0.5% WCEX 

1% CM 

+ 

1% WCEX 

D1 D2 D3 D4 D5 

Total Protein (g/dl) 2.98c 4.11b 3.96b 5.22a 5.54a 0.18 * 

Albumin (g/dl) 1.11c 1.03cd 0.85d 1.62a 1.33b 0.07 * 

Globulin (g/dl) 1.87c 3.07b 3.11b 3.60b 4.21a 0.15 * 

A:G ratio  0.59a 0.34b 0.27c 0.45ab 0.32b 0.09 * 

ALT (Unit/l) 74.72ab 86.84a 74.75ab 68.76b 70.41b 4.08 * 

AST (Unit/l) 235.7ab 237.5ab 199.0b 247.0a 213.2ab 11.71 * 

Uric acid (mg/dl) 3.66b 5.84b 5.71b 10.22a 4.92b 1.10 * 

Creatinine (mg/dl) 7.39b 3.19c 10.19a 7.45b 7.11b 0.53 * 

Glucose (mg/dl) 16.53c 35.92ab 21.65bc 48.90a 42.35a 5.35 * 

Cholesterol (mg/dl) 149.7a 131.4ab 94.41b 128.4ab 120.5ab 14.62 * 

CM: Cinnamon meal. WCEX: Water cinnamon extract. 

 

Fish body composition  

In Table (6), the results show that the Nile tilapia fed diets incorporating cinnamon 

meal (CM), water cinnamon extract (WCEX), or their combination experienced a 

significant reduction in the body composition regarding the organic matter (OM) and 

crude protein (CP) compared to the basal diet group. Conversely, the dry matter (DM), 

ether extract (EE), ash, and gross energy content were significantly higher in these groups 

relative to the control. 
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Table 6. Fish body composition of initial and different experimental groups fed tested 

diets  

Item 

 

Body 

compositio

n of initial 

fish 

Experimental diets 

SEM 
Sign. 

P<0.05 
Control 

 

1 % 

CM 

1% 

WCEX 

0.5% 

CM 

+ 

0.5% 

WCEX 

1% 

CM 

+ 

1% 

WCEX 

D1 D2 D3 D4 D5 
Moisture  75.41 b75.92 d71.74 a76.26 e69.25 c72.26 0.711 * 
Dry matter  24.59 24.08d 28.26b 23.74e 30.75a 27.74c 0.711 * 

 Chemical analysis on DM basis 

Organic matter  85.23 86.14a 84.49c 83.69d b84.77 d83.62 0.246 * 
Crude protein  61.23 65.17a 60.10c 61.30b 58.55d 57.50e 0.714 * 
Ether extract  24.00 20.97d 24.39b 22.29c 26.22a 26.10a 0.554 * 
Ash 14.77 13.86d 15.51b 16.31a 15.23c 16.38a 0.246 * 
Gross energy kcal/ 100g  571.55 565.33c 568.83b 556.81d 577.28a 570.40b 1.802 * 
Gross energy cal/ g DM  5.7155 5.6533c 5.6883b 5.5681d 5.7728a 5.7040b 0.018 * 

CM: Cinnamon meal, WCEX: Water cinnamon extract 

 

Energy retention (ER)% and protein productive value (PPV)% 

In Table (7), the data presented indicate that the inclusion of cinnamon meal (CM), 

water cinnamon extract (WCEX), or their combination in the diets of the Nile tilapia led 

to an increase in the energy retention percentage (ER%) compared to the control (D1). 

Specifically, ER% values improved by 4.35, 2.71, 10.61, and 13.02% in  D2, D3, D4, and 

D5 groups, relative to the basal diet group. Conversely, the protein productive value 

(PPV%) decreased with the inclusion of these additives, with reductions of 9.31, 4.25, 

10.50, and 9.95% for diets D2, D3, D4, and D5 compared to the basal diet group (D1). 
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Table 7. Energy retention and protein productive value % of different experimental 

groups  

Item 

Experimental diets 

SEM 
Sign. 

P<0.05 

Control 

 

1 % 

CM 

1% 

WCEX 

0.5% CM 

+ 

0.5% 

WCEX 

1% CM 

+ 

1% 

WCEX 

D1 D2 D3 D4 D5 
IW/10 fish  143 146 142 143 146 0.602 NS 
FW/10 fish 349c 366b 362b 368b 390a 3.717 *   

Calculation the energy retention                                      
Energy content in final body fish (cal / g 

) 
5.6533c 5.6883b 5.5681d 5.7728a 5.7028b 0.018 *   

Total energy at the end in body fish (E) 1973c 2082b 2016c 2124b 2225a 24.11 *   
Energy content in initial body fish (cal / 

g) 
5.7155                                                                   

Total energy at the start in body fish (E0) 817ab 834a 812b 817ab 834a 3.394 *   
Energy retained in body fish  (E-E0 ) 1156d 1248c 1204cd 1307b 1391a 22.98 *   
Energy of the feed intake (Cal / g feed)  4.562 4.536 4.553 4.521 4.512 - -   
Quantity of feed intake 532.14d 553.72b 540.64c 548.94b 572.88a 3.79 *   
Total energy of feed intake (EF) 2428d 3512b 2462cd 2482bc 2585a 14.83   *   
Energy retention (ER)% 47.61b 49.68b 48.90b 52.66b 53.81a 0.675 *   

Calculation the protein productive value (PPV) %                      
CP  in final body  65.17a 60.10c 61.30b 58.55d 57.50e 0.714 *   
CP at the end (PR1) 227.44a 219.97bc 221.91abc 215.46c 224.25ab 1.320 *   
CP % in initial body  61.23                                                                      
CP at the start in body fish (PR2) 87.56ab 89.40a 86.95b 87.56ab 89.40a 0.369 *   
Protein Energy retained in body  

(PR3) = (PR1 – PR2)  
139.88a 130.57b 134.96ab 127.90b 134.85ab 1.420 *   

CP in feed intake  30.51 30.18 30.26 30.22 30.34 - -   
PI, g  162.36b 167.11b 163.60b 165.89b 173.81a 1.273 *   
PPV %  86.15a 78.13b 82.49ab 77.10b 77.58b 1.121 *   

CM: Cinnamon meal, WCEX: Water cinnamon extract. 

 

Economic evaluation 

Table (8) shows that the cost of feed formulation decreased upon incorporating 

cinnamon meal (CM), water cinnamon extract (WCEX), or their combination into the 

Nile tilapia diets. The cost per kilogram of feed reduced from 24.350 LE in the control 

diet (D1) to 24.235 LE, 24.210 LE, 24.223 LE, and 24.095 LE for rations, D2, D3, D4, 

and D5, respectively. Additionally, the net improvement in cost efficiency was 2.32, 4.62, 

5.40, and 8.82% for groups of D2, D3, D4, and D5, which is higher compared to the basal 

diet (D1), without cinnamon meal or water extract. 
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Table 8. Economical evaluation of different experimental groups 

Item 

Tested diets 

Control 

 

1 % 

CM 

1% 

WCEX 

0.5% CM 

+ 

0.5% WCEX 

1% CM 

+ 

1% WCEX 

D1 D2 D3 D4 D5 

Costing of kg feed (LE) 24.350 24.235 24.210 24.223 24.095 

Relative to control (%) 100 99.53 99.43 99.48 98.95 

Feed conversion ratio (FCR) 2.58 2.52 2.46 2.44 2.35 

Feeding cost (LE) per (Kg weight gain) 62.82 61.07 59.56 59.10 56.62 

Relative to control (%) 100 97.21 94.81 94.08 90.13 

Net improvement in feeding  cost (%) Zero 2.32 4.62 5.40 8.82 

CM: Cinnamon meal. WCEX: Water cinnamon extract,  LE.: Egyptian pound 

Diet formulation calculated according to the local prices in 2024, as presented in Table (1). 

Feed cost (L.E) FCR×FI. Cost per Kg diet. 

 

 

DISCUSSION  

The study results recorded significant improvements in productivity and survival 

rates of fish fed rations with cinnamon meal (CM), water cinnamon extract (WCEX), or a 

combination of both. FW, TBWG, and ADG were improved in the treated groups 

compared to the control, with a specific growth rate (SGR) showing improvement in all, 

except for the D3 group. Fish in the D2, D4, and D5 groups achieved a 100% survival 

rate (SR), while D1 and D3 recorded a slightly lower SR value of 93.33%. Similarly, the 

mortality rate was zero for D2, D4, and D5, with D1 and D3 showing a mortality rate of 

6.67%. Feed utilization, as FCR and FI, significantly enhanced in the treated groups, 

given that D5 group recorded the highest FI (572.88g). The current results align with 

those of Abdel-Tawwab et al. (2018), who reported an improved performance with 

cinnamon nanoparticle supplementation in the Nile tilapia. Other studies supported these 

findings, recording the cinnamon's positive effects on the productivity of various fish 

species. The biochemical findings of this study complement the previous set of findings 

since they reveal a rise in the serum total protein and globulin in all groups that received 

cinnamon treatment. High protein and globulin values indicated the positive effect of 

cinnamon on fish immunological state, especially that of D5 group. Such observations 

were reported in the study of Aly et al. (2023), who found that feeding the Nile tilapia 

with cinnamon and garlic increased both specific and non-specific immunity in fish 

suffering from fungal infections. Previous studies have also highlighted the protective 

role of natural plants in aquaculture and their positive effects on protein and globulin 

levels (Abbas et al., 2019a, b; Awad et al., 2024). 

The non-significant changes in alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) values in most cinnamon-treated groups indicate the safety of 

cinnamon for liver tissue, subsequently unaffecting liver function. Additionally, non-

significant changes in the uric acid and creatinine levels suggest a normal kidney 
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function, except for the increased values in groups D3 and D4, which may be attributed to 

high protein concentrations. 

Regarding glucose levels, cinnamon is known for its anti-diabetic effects; however, 

this study observed an increase in glucose levels, possibly due to the stress associated 

with introducing an unfamiliar food. Exposure to external stressors can induce the 

secretion of catecholamines and cortisol, which increases glucose production to meet 

energy demands during stress (Authman et al., 2021). 

Body composition analysis showed a significant decrease in crude protein content, 

while increases were detected in the dry matter (DM), ether extract (EE), ash, and gross 

energy (GE) of the cinnamon-treated fish compared to the basal diet group (D1). 

Cinnamon may have activated insulin-like growth factors, enhancing protein and collagen 

biosynthesis. However, results from other studies on cinnamon's effects on the body 

composition varied, reflecting differences in species and experimental conditions. 

Energy retention (ER%) and protein productive value (PPV%) were positively 

influenced by the inclusion of cinnamon, as noted in previous studies. Economic 

evaluations also revealed that the inclusion of cinnamon meal (CM) and water cinnamon 

extract (WCEX) in rations improved the economic efficiency, aligning with the findings 

of Goda et al. (2012) regarding the cost-effectiveness of using natural additives in 

aquaculture. 

 

CONCLUSION 

 

Cinnamon, whether used as a meal or extract, can significantly enhance growth, feed 

utilization, immune response, and economic efficiency in aquaculture, making it a 

promising additive for improving fish health and productivity. The data suggest that the 

inclusion of cinnamon meal, water cinnamon extract, and their combination in fish diets 

does not negatively affect growth productivity or feed utilization, while also improving 

energy retention and protein productive value. Furthermore, cinnamon increases serum 

total protein and globulin levels while decreasing serum cholesterol. Additionally, it leads 

to a reduction in net feeding costs. 
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