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Abstract. Shrimp have patterns of carbohydrate metabolism, growth, and cellular and humoral immune 
responses that are different from fish and limited ability to utilize high carbohydrates, although 
carbohydrates are often included in the feed as a source of protein reserve energy. The use of bioactive 
compounds such as cinnamaldehyde is one of the strategies to improve utilization of feed carbohydrates. 
This study aims to evaluate the effect of different levels of dietary cinnamaldehyde on the growth 
performance and carbohydrate metabolism of Pacific whiteleg shrimp Litopenaeus vannamei. This 
research was conducted at the Fisheries Production Laboratory of the College of Vocational Studies, IPB 
University. The study used a completely randomized design (CRD) consisting of five dietary treatments 
with different cinnamaldehyde levels in triplicates, namely control (0%), CN0.05 (dietary 
cinnamaldehyde of 0.05%), CN0.10 (0.10%), CN0.15 (0.15%) and CN0.20 (0.20%). Pacific whiteleg 
shrimp with an initial size of 2.17±0.02 g were maintained for 56 days in an aquarium with a volume of 
76 L of water at a density of 15 shrimp/aquarium. The results showed that the administration of 0.05% 
cinnamaldehyde increased the shrimp growth performance as demonstrated by the higher final weight, 
specific growth rate (SGR), protein retention, and decreasing lipid retention as well as feed conversion 
ratio (FCR) compared to those of the control and other cinnamaldehyde treatments. Adding 
cinnamaldehyde to food supplements can increase growth performance through carbohydrate 
metabolism in Pacific whiteleg shrimp. Thus, cinnamaldehyde plays the role of an alternative energy 
source which is included in non-protein energy. 
Key Words: bioactive compound, feed utilization, feed supplement, non-protein energy, protein 
sparring effect. 
 

 
Introduction. Pacific whiteleg shrimp (Litopenaeus vannamei) is an economically 
aquaculture commodity in Indonesia and its production is still continue until nowdays. 
Increasing shrimp production still faces many obstacles, especially concerning disease 
and high feed costs (Yousefian & Amiri 2009; Gao et al 2012; Fan et al 2016; Anderson 
et al 2019). One of the problems related to feed efficiency is the ability of shrimp to 
utilize non-protein energy sources such as carbohydrates or lipids. Shrimp have patterns 
of carbohydrate metabolism, growth, and cellular as well as humoral immune responses 
that are different from fish and limited ability to utilize carbohydrates (Shiau & Jiang 
1991). Although carbohydrates are often included in the feed as a replacement of the 
protein (Cruz-Suarez et al 1994; Cuzon et al 2004; Li et al 2023), the ability of shrimp to 
utilize carbohydrates is generally relatively low, and an increase in carbohydrates in feed 
can reduce growth (Wang et al 2016). One of the strategies that can be implemented to 
increase the utilization of feed carbohydrates in aquaculture organisms is to use bioactive 
compounds such as cinnamaldehyde, which is abundant in cinnamon (Cinnamomum 
verum).  
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Cinnamaldehyde is a natural chemical compound from cinnamon that can improve 
growth performance and feed efficiency for animals (Zhu et al 2017; Chapman et al 
2019; Zhou et al 2020) and is still considered a safe, natural ingredient that is well 
tolerated in humans and animals (Luo et al 2013). One of the functions of 
cinnamaldehyde reported in previous studies is to activate insulin-like growth factor (IGF-
1), which can play a role in increasing protein deposition in the body, especially in 
building muscle and increasing fish biomass utilizing protein and collagen biosynthesis in 
body tissues (Plaisier et al 2011; Takasao et al 2012). Research on mice showed that 
feeding with cinnamaldehyde as much as 20 mg kg-1 for four weeks showed normal blood 
glucose concentrations in diabetes-induced rats (Khare et al 2016). Moreover, trans-
cinnamaldehyde could be used as a nutritional supplement to enhance disease resistance 
and reduce lipid accumulation of Pacific whiteleg shrimp (Chen et al 2022). Several 
previous studies have reported research on cinnamaldehyde administration to 
aquaculture organisms. Research on catfish Pangasianodon hypopthalmus showed that 
cinnamaldehyde in feed could cause an increase in fish growth performance (Setiawati et 
al 2016). Adding 0.1% cinnamaldehyde for 75 days on Nile tilapia Oreochromis niloticus 
fingerlings through feed can increase growth performance, immunity, and antioxidant 
status (Amer et al 2018). The same results were shown for grass carp Ctenopharyngodon 
idella, where feeding supplemented with cinnamaldehyde for 60 days increased growth 
performance through increased absorption and digestive capacity (Zhou et al 2021). 
Rainbow trout Oncorhynchus mykiss that were fed with the addition of cinnamaldehyde 
for eight weeks showed increased parameters related to growth performance, enzyme 
digestion, blood concentration, and antioxidant activity (Ravardshiri et al 2021). Apart 
from positively affecting growth, immunity, and antioxidant capacity, feeding with 
cinnamaldehyde was also reported to improve the liver structure and meat quality on 
catfish P. hypophthalmus (Tartila et al 2021). Research on the use of cinnamaldehyde in 
shrimp is still limited. Therefore, this study aims to evaluate the effect of adding 
cinnamaldehyde to feed on carbohydrate metabolism and the growth performance of 
Pacific whiteleg shrimp. 

 
Material and Method 
 
Materials. The experimental animal was Pacific whiteleg shrimp (Litopenaeus vannamei) 
with an average weight of 2.17±0.02 g from PT Syaqua Indonesia Banten, West Java. 
This study was conducted on May-June 2022. All shrimp used in this study were cultured 
in seawater tanks at the Laboratory of Fisheries Production, College of Vocational 
Studies, IPB University, Bogor, Indonesia. The cinnamaldehyde used is cinnamaldehyde 
(C9H8O) GRM3277-Himedia 500 mL from Intralab Ekatama Company, Bogor, West Java, 
Indonesia.  
 
Methods. The research was conducted for 56 days at IPB University. The maintenance 
and sampling shrimp activities were carried out at the Laboratory of Fisheries Production, 
College of Vocational Studies, IPB University, Bogor, Indonesia. Proximate and enzyme 
analysis was carried out at the Laboratory of Nutrition and The Gene expression analysis 
was conducted at the Laboratory of Reproduction and Genetics of Aquatic Organisms, 
Department of Aquaculture, Faculty of Fisheries and Marine Sciences, IPB University, 
Bogor, Indonesia. Further gene expression analysis was conducted at Advanced Research 
Laboratory Unit, IPB University, Bogor, Indonesia.  
 
Ethical approval. All Pacific whiteleg shrimp experimental and rearing procedures were 
handled complied with the animal welfare under the national accreditation no. SNI 
7311:2009 of Republic of Indonesia. 
 
Experimental diets. The research feed was formulated with an iso-protein of 32% with 
an energy/protein ratio (C/P) of 13 (Table 1) with different levels of cinnamaldehyde 
addition, namely control CN0 (feed with 0% added cinnamaldehyde), CN0.05 (feed with 
the addition of 0.05% cinnamaldehyde), CN0.10 (feed with the addition of 0.10% 
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cinnamaldehyde), CN0.15 (feed with the addition of 0.15% cinnamaldehyde) and CN0.20 
(feed with the addition of 0.20% cinnamaldehyde). The proximate feed analysis was 
carried out following the procedures of the Association of Official Analytical Chemists 
(AOAC 2012). The results of proximate feed analysis were showed in the Table 2. 
 

Table 1 
Experimental diets composition 

 

Ingredients (%) Treatments 
CN0 CN0.05 CN0.10 CN0.15 CN0.20 

Fishmeal 20.00 20.00 20.00 20.00 20.00 
Corn gluten meal 8.00 8.00 8.00 8.00 8.00 
Meat bone meal 10.00 10.00 10.00 10.00 10.00 
Wheat pollard 15.00 14.95 14.95 14.95 14.95 

Corn meal 14.00 14.00 14.00 14.00 14.00 
Soybean meal 17.00 17.00 17.00 17.00 17.00 
Cassava starch 4.00 4.00 3.95 3.90 3.85 

Squid oil 2.00 2.00 2.00 2.00 2.00 
Fish oil 2.00 2.00 2.00 2.00 2.00 

Cinnamaldehyde 0.00 0.05 0.10 0.15 0.20 
Lysine 0.30 0.30 0.30 0.30 0.30 
Lecithin 0.80 0.80 0.80 0.80 0.80 

DL-Methionine 0.30 0.30 0.30 0.30 0.30 
Choline chloride 0.30 0.30 0.30 0.30 0.30 

Mono-calcium phosphate 1.00 1.00 1.00 1.00 1.00 
Cholesterol 0.30 0.30 0.30 0.30 0.30 
Vitamin mix 1.00 1.00 1.00 1.00 1.00 
Mineral mix 1.00 1.00 1.00 1.00 1.00 

Carboxymethylcellulose (CMC) 3.00 3.00 3.00 3.00 3.00 
Note: The cinnamaldehyde is a clear colorless or yellow liquid with a strong cinnamon smell, with a density of 
1.045-1.055 g mL-1 and a purity of 98%. Vitamin mix  contained 900 IU kg-1 retinole (A), 200 mg kg-1 ascorbic 
acid (C), 200 IU kg-1 cholecalciferol (D), 10 mg kg-1 menadione (K3), 100 mg kg-1 α-tocopherol (E), 1000 mg 
kg-1 choline, 100 mg kg-1 inositole, 15 mg kg-1 thiamine (B1), 20 mg kg-1 riboflavin (B2), 15 mg kg-1 pyridoxine 
(B6), 50 mg kg-1 d-pantothenic acid (B5), 75 mg kg-1 nicotinic acid, 0.5 mg kg-1 biotin, 0.05 mg kg-1 
cyanocobalamin (B12), 5 mg kg-1 folic acid. Mineral mix contained 0.5 mg kg-1 Co (CoCl2.6H2O), 5 mg kg-1 Cu 
(CuSO4.5H2O), 50 mg kg-1 Fe (FeSO4.7H2O), 4 mg kg-1 I (KI), Cr (CrCl3.6H2O) 0.1 mg kg-1, 150 mg kg-1 Mg 
(MgSO4.7H2O), 25 mg kg-1 Mn (MnSO4.H2O), 0.1 mg kg-1 Se (NaSeO3), 100 mg kg-1 Zn (ZnSO4.7H2O).  

 
Table 2 

Results of the proximate analysis of experimental diets 
 

Composition CN0 CN0.05 CN0.10 CN0.15 CN0.20 
Moisture (%) 7.93 7.84 8.04 7.80 6.80 

Ash (%) 8.86 9.16 9.20 9.64 9.21 
Protein (%) 32.11 32.15 32.13 32.02 32.15 
Lipid (%) 7.80 7.60 7.92 7.99 7.55 

Crude fiber (%) 4.18 3.54 3.88 3.77 4.30 
NFE 39.11 39.72 38.83 38.79 39.99 

Energy (kJ kg-1) 406.55 406.82 407.1 407.37 407.64 
Note: GE gross energy = (% protein * 23.4 kJ g-1) + (% lipid * 38.5 kJ g-1) + (%NFE *17.2 kJ g-1) (Takeuchi et 
al 2002); NFE = nitrogen-free extract.  

 
Maintenance and sampling of shrimp. The maintenance of shrimp was conducted for 
56 days in an aquarium measuring 60 x 40 x 40 cm3 with a stocking density of 15 
individuals per aquarium. During maintenance, the shrimp were fed four times a day, at 
07.00, 11.00, 15.00, and 19.00 using experimental diet. Maintenance procedure refers to 
Wiyoto et al (2017) and Ramadhani et al (2022). Shrimp sampling was carried out at the 
beginning of rearing every week and at the end by measuring the weight and counting 
the number of shrimps. During the rearing period, the water quality was always tried to 
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be optimum by siphoning leftover feed once in week and changing the water regularly 
20-30% of total aquarium volume. Water quality was monitored periodically and showed 
that during the maintenance period water temperature was in the range of 28-30°C, 
dissolved oxygen concentration 4.8–6.5 mg L-1, pH 6.8-7.8, ammonia concentration 
0.03-0.05 mg L-1 and salinity 25-26 g L-1.  
 
Measurement of parameters. Parameters observed in this study included analysis of 
gene expression related to carbohydrate metabolism, measurement of glycogen levels in 
the hepatopancreas and body muscles of shrimp, growth performance, and feed 
utilization. 
 
Gene expression analysis. Gene expression analysis was measured at the end of the 
observation by taking samples of the shrimp hepatopancreas at 0, 12, and 24 hours. 
Gene expression observed in this study was carbohydrate metabolism including: 1) 
glucose transport: glut-1; 2) glycolysis: glucokinase (gck), hexokinase (hk), and 
phosphoenolpyruvate carboxykinase (pepck) using qRT-PCR. Total RNA was extracted by 
crushing the hepatopancreas in 200 μL of GENEzolTM Reagent solution (Geneaid, Taiwan) 
according to the recommended protocol. RNA concentrations were measured with a 
spectrophotometer at an absorbance of 260 nm, then multiplied by the RNA constant and 
the dilution factor. RNA integrity was evaluated with a water-diluted 2% agarose gel 
containing 0.1% diethylpyrocarbonate (DEPC). RNA purification and cDNA synthesis were 
performed using 1 μg of total RNA using RevetraAce qPCR RT master mix with gDNA 
remover kit (Toyobo) according to the recommended protocol. The success of cDNA 
synthesis was carried out by amplifying β-actin. 
 Gene expression was performed using real-time PCR (qPCR). qPCR reactions were 
performed on a Rotor-gene 6000 machine (Corbett, USA). The response was run with a 
total of 20 μL consisting of 10 μL 2x SensiFAST SYBR NO-ROX (Bioline, UK), 0.8 μL (10 
μM) primers F and R, 10 ng cDNA from the hepatopancreas, and 4.4 μL water. Primary 
amplification was performed by pre-denaturing PCR cycles at 95°C for 2 min. The 45 
cycles included denaturation at 95°C for 15 seconds, annealing at 60°C for 20 seconds, 
and extension at 72°C for 20 seconds. Melting curve analysis was evaluated with the 
primary specifications in the amplification program. Gene level expression was performed 
by normalizing β-actin and following a protocol (Livak & Schmittgen 2001). The mRNA 
gene primers used in the assay of carbohydrate metabolism are presented in Table 3. 
 

Table 3 
Primary sequences of genes related to carbohydrate metabolism in shrimp analysed in this study 

 

 
Glycogen analysis. Hepatopancreas and shrimp bodies were taken and homogenized by 
chopping. Then the liver and meat samples were weighed as much as 0.5-2 g each and 
dried in an oven at 100°C for 24 hours to measure the moisture content of the samples. 
Furthermore, glycogen analysis was carried out based on Wedemeyer & Yasutake (1977). 
 

Gene Symbol Sequence Role References 
Glucose 

transporter 1 
GLUT1 F TGG CAT TGA GCA ACT TCT TG Glucose 

transporter 
Lage et al 

(2017) R TAG GGC TCT TCG TGC TTC AT 
Glucokinase 

 
GCK CTC GTG TTG CTG TTG TTC TTG Glycolysis 

 
Lage et al 

(2017) AAC GTG TCA GCC TTC TCT TC 
Hexokinase HK AGT CGC AGC AAC AGG AAG TT Glycolysis 

 
Lage et al 

(2017) CGC TCT TCT GGC ACA TGA TA 
Phosphoenol- 

pyruvate 
carboxykinase 

PEPCK 
 

F: GATGTCACCATCACCTCGTG Gluconeo- 
genesis 

 

Lage et al 
(2017) R: CTCATGGCTCCTCCTACCAG 

R: CCG TGG ATC ATC TCG TAG GT 
Pyruvate 
kinase 

PK R: AGCTGTCTCAGCAGGTCCAT 
R: AGCGAGGCCTGTACTTTGAA 

Glycolysis 
 

Lage et al 
(2017) 

β-actin β ACT R: GAGCAACACGGAGTTCGTTGT 
F:CATCACCAACTGGGACGACATGGA 

House 
keeping 

Munaeni et al 
(2020) 
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Growth performance and feed utilization. Growth performance includes final shrimp 
weight, feed consumption, specific growth rate (SGR), feed conversion ratio (FCR), and 
survival rate. SGR, FCR, survival rate, protein retention (PR) and lipid retention (LR) were 
calculated at the end of the rearing period based on the following formulae: 
 

Specific growth rate (SGR). The formula used to calculate SGR is provided below: 
 

SGR (% day-1) = Ln(Wt) - Ln(W0) 
day 

where: SGR = specific growth rate (% day-1);  
 Wt = final weight of shrimp (g);  
 W0 = initial weight of shrimp (g);  
 Ln = the natural log. 
 

Survival rate (SR). The formula used to calculate SR is provided below: 
 

SR = Nt x 100 N0 
where: SR = survival rate (%);  

 Nt = number of shrimp at the end of rearing period (shrimp);  
 No = number of shrimp at the beginning of rearing period (shrimp). 

 
Feed conversion ratio (FCR). The formula used to calculate FCR is provided below: 
 

FCR = F 
Wt - W0 

where: FCR = feed conversion ratio;  
 F = amount of feed during rearing (g);  
 Wo = weight of biomass at the beginning of shrimp rearing period (g);  
 Wt = weight of biomass at the end of shrimp rearing period (g).  

 
Protein retention and lipid retention. The formulae used to calculate PR and LR are 
provided below: 

PR = Pu x 100 Pc 
 

LR = Lu x 100 Lu 
where: PR = protein retention (%);  

 LR = lipid retention (%);  
 Pu = protein deposition in the shrimp body (g);  
 Pc = protein weight consumed by shrimp (g); 
 Lu = the amount of lipid stored in the body (g);  
 Lc = lipid weight consumed by shrimp (g). 

 
Statistical analysis. The data obtained are tabulated in MS. Excel and analyzed using 
the statistical program SPSS 22.0, including analysis of variance (ANOVA). Duncan 
further tested significant differences at a 95% confidence interval. 
 
Results. This study resulted the parameter of expression of carbohydrate metabolism 
genes and growth performances in each treatments. 
 
Genes expression of carbohydrate metabolism. The genes involved in glucose 
metabolism have been measured, including GLUT1, HK, PEPCK, GCK and PK. The study of 
gene expression was done after 0, 12, and 24 hours. The result showed that at 0 hours, 
there were no significant differences (p > 0.05) between treatments. While at 12 hours, 
the CN0.05 treatment showed the highest increase in expression of the GLUT1, HK, and 
GCK genes compared to other treatments. In contrast, the expression of the PEPCK gene 
at the 12th hour of the CN0.10 treatment showed the highest value. At the 24th hour, the 
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expression of carbohydrate metabolism genes, except for the PK gene, did not appear to 
differ significantly between treatments and tended to decrease compared to the 12th 
hour. At the 24th hour, the expression of the PK gene in the CN0.05 treatment showed a 
significant increase and was higher than the other treatments. In contrast, at the 12th 
hour, there was no significant difference in the expression of the PK gene between all 
treatments (Figure 1). 
 

 

(A)                                                            (B) 

 
   (C)                                                         (D) 

 

 
(E) 

Figure 1. The genes expression involved in glucose metabolism: (A) glucose transporter 1 
GLUT1, (B) hexokinase (HK), (C) phosphoenolpyruvate carboxykinase PEPCK, (D) glucokinase GCK, 
(E) pyruvate kinase (PK), in Pacific whiteleg shrimp treated different cinnamaldehyde doses under 
fasting conditions. CN0 (feed with doses of 0% added cinnamaldehyde), CN0.05 (feed with doses 
of 0.05% cinnamaldehyde), CN0.10 (feed with doses of 0.10% cinnamaldehyde), CN0.15 (feed 
with doses of 0.15% cinnamaldehyde) and CN0.20 (feed with doses of 0.20% cinnamaldehyde). 

 
Growth performances. The growth performances measured include initial weight (Wo), 
final weight (W56), amount of feed consumed (FC), specific growth rate (SGR), feed 
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conversion ratio (FCR), survival rate (SR), protein retention (PR), lipid retention (LR). The 
growth performance of Pacific whiteleg shrimp given cinnamaldehyde supplementation 
with various proteins and different feed energy ratios (R/P) during 56 days of rearing is 
presented in Table 4. The treatment CN0.05 showed significant differrent (p < 0.05) in 
parameters of W56, FC, SGR, FCR, PR, LR, and muscle glycogen compared to treatment 
CN0. Moreover, the treatment CN0.05 showed the highest value of liver glycogen but not 
significant different (p > 0.05) compared to treatments CN0, CN0.10, and CN0.20, 
meanwhile treatment CN0.05 was significantly different (p < 0.05) compared to CN0.15. 

 
Table 4 

Growth performance of Pacific whiteleg shrimp (Litopenaeus vannamei) for 56 days of the 
rearing period 

 

Parameter Treatments 
CN0 CN0.05 CN0.10 CN0.15 CN0.20 

Wo (g) 2.18±0.02a 2.17±0.02a 2.16±0.02a 2.18±0.02a 2.18±0.02a 
W56 (g) 8.30±0.10a 8.89±0.09c 8.50±0.10b 8.52±0.10b 8.40±0.10ab 
FC(g) 124.33±5.51a 127.44±3.84c 128.33±3.51b 124.67±5.57b 127.67±18.01ab 

SGR (% day-1) 2.42±0.03a 2.55±0.02c 2.48±0.02b 2.47±0.15ab 2.44±0.03ab 
FCR 1.54±0.02b 1.35±0.03a 1.44±0.08ab 1.45±0.09ab 1.45±0.11ab 

SR (%) 91.11±3.85a 93.33±6.67a 91.11±3.85a 93.33±6.67a 93.33±6.67a 
PR (%) 30.17±0.54a 37.66±1.14b 33.63±1.85a 32.48±2.68a 32.45±3.47a 
LR (%) 13.05±0.29b 10.58±0.44a 10.00±1.91a 10.16±1.33a 12.97±1.35b 

Muscle glycogen 
(mg g-1) 

14.42±2.18a 18.63±0.59b 18.21±0.37b 13.55±0.18a 12.64±0.66a 

Liver glycogen 
(mg g-1) 

1.87±0.18ab 2.27±0.30b 2.24±0.20b 1.53±0.16a 1.93±0.44ab 

Note: Wo = average weight of shrimp at the start of rearing, W56 = average weight of shrimp at the end of 
rearing (H56), FC = amount of feed consumed, SGR = specific growth rate, FCR = feed conversion ratio, SR = 
survival rate, PR = protein retention, LR = lipid retention. Uppercase letters behind the mean (±standard 
deviation) values in the same row indicate a significant difference (p < 0.05). 
 
Discussion. Carbohydrate metabolism was measured in Pacific whiteleg shrimp by 
measuring expression parameters, including the GLUT1, HK, PEPCK, GCK, and PK genes. 
Gene expression was examined under fasting conditions for 24 hours; although the half-
life of cinnamaldehyde is still unknown, it appears that the process of carbohydrate 
metabolism is still ongoing at the 12th hour after fasting, PEPCK gene expression 
increased in all treatments, indicating the occurrence of gluconeogenesis. At the same 
time, there was an increase in GLUT-1 expression, showing an increase in glucose 
transport. Another increase was also seen in the expression of the HK and GCK genes, 
indicating an increase in glycolytic activity in muscle and liver. This increase is thought to 
occur because the HK gene has reached its maximum point to convert glucose to 
glucose-6-phosphate. The HK enzyme is known to have a high ability to bind to glucose, 
but its activity can be inhibited by high levels of glucose-6-phosphate (Enes et al 2009; 
Devlin 2010), while the GCK enzyme has a low ability to bind to glucose, but its activity 
is not inhibited by glucose-6-phosphate (Enes et al 2009; Devlin 2010), while PK gene 
expression showed an increase at 24 hours which may indicate that the last stage of 
glycolysis involving the pyruvate kinase enzyme is still ongoing at this time. The results 
of this study indicate that the administration of cinnamaldehyde, especially at a 
concentration of CN0.05, can increase the expression of genes related to carbohydrate 
metabolism from glucose transportation to the utilization of glucose as an energy source 
through the glycolysis process, which may indicate that carbohydrate metabolism in this 
treatment is more active. 

The increased ability to utilize carbohydrates in the CN0.05 treatment was 
reflected in the growth performance and feed utilization of the shrimp. Previous studies 
have shown that cinnamaldehyde plays a positive role in increasing SGR, PR, and  
decreasing FCR in catfish P. hypopthalmus (Setiawati et al 2016; Tartila et al 2021), Nile 
tilapia O. niloticus. (Amer et al 2018), grass carp C. idella (Zhou et al 2021), and rainbow 
trout O. mykiss (Ravardshiri et al 2021). This was also seen in this study where 
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treatment CN0.05 showed the highest SGR and PR, as well as lowest FCR value 
compared to other treatments. Another study in mice reported that the positive role of 
cinnamaldehyde on carbohydrate metabolism is helps insulin activity (Guo et al 2017). 
Insulin plays an important role in carbohydrate metabolism, starting from balancing 
blood glucose, transporting glucose from the blood to the cells body, and utilizing glucose 
as an energy source. According to Takasao et al (2012), cinnamaldehyde can activate 
insulin-like growth factor (IGF-1), increasing the biosynthesis of protein and collagen in 
body tissues.  

The liver plays an important role in maintaining normal blood sugar conditions  by 
storing glucose as glycogen (Tella et al 2019). Glycogen becomes a short-term energy 
store that is quickly depleted when the main energy store is depleted (Setiawati et al 
2015). Stored glycogen is utilized when there is no supply from food through the process 
of glycogenolysis (Brosnan & Watford 2005; Setiawati et al 2015). When glycogen levels 
are depleted, animals will mobilize and convert stored lipids and proteins into glucose 
through the process of gluconeogenesis to maintain blood glucose levels. Glycogen in the 
crustacean hepatopancreas is an essential precursor for chitin synthesis and plays a vital 
role during the moulting cycle (Cuzon et al 2000, 2004).  

Muscle glycogen values were higher in the treatment CN0.05 and CN0.1 compared 
to the other treatments, meanwhile the value of liver glycogen was not significantly 
different compared to other treatments. This result is related to the glycogen content, 
which increases with the cinnamaldehyde supplement given to the feed, indicating an 
excess of glucose stored in glycogen (Zhang et al 2020). Stored glycogen is utilized when 
there is no supply of feed through the process of glycogenolysis (Hackett & McCue 2010; 
Brosnan & Watford 2005). Glycogen becomes a short-term energy store used quickly if 
the main energy supply runs out (Setiawati et al 2015). When glycogen levels run out, 
animals mobilize and convert stored lipids and proteins into glucose through 
gluconeogenesis to maintain blood glucose levels. When gluconeogenesis is no longer 
able to produce sufficient glucose levels, the organism can experience several adverse 
side effects, even causing death (Brosnan & Watford 2005). Feeding high carbohydrates 
can trigger hyperglycemia, glycogen deposition, and increase lipid biosynthesis in liver 
tissue (Zhang et al 2019; Su et al 2021) as well as causing lower growth, suppressed 
immunity, and high mortality (Guo et al 2011). Chen et al (2022) also recently reported 
that shrimp fed with cinnamaldehyde significantly increased lipid metabolism and growth 
performance which supports the results of this study. This study concluded that adding 
0.05% of cinnamaldehyde to feed can increase the utilization of carbohydrates, thereby 
improving growth performance in Pacific whiteleg shrimp. 
 
Conclusions. The results showed that the administration of 0.05% cinnamaldehyde 
increased the shrimp growth performance and carbohydrate metabolism in Pacific 
whiteleg shrimp. Thus, cinnamaldehyde plays the role of yielding alternative energy 
source which is included in non-protein energy. Cinnamaldehyde with the dosage CN0.05 
can be applied to enhance shrimp immune responses. 
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