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ABSTRACT 
Liver health in laying hen is associated with lipid synthesis and metabolism. This study focused on oxidative 

parameters to maintain liver health and lipid metabolism in laying hens. The efficacy of curcumin as a herbal 

compound, combined with attapulgite, betaine, and organic chromium in a feed additive called Citrus XL, was 

evaluated in terms of its impact on lipid metabolism. This study involved 2000 ISA Brown strain laying hens 

aged 82-87 weeks. The heat stress index was calculated based on a temperature of 26.71 ± 1.11 oC and 

humidity of 83.21 ± 6.86 % in open-house cages with an 18-hour lighting period. This experiment included 

four treatments with five replications, including a basal diet with no Citrus XL (Control), a basal diet plus 0.5 

kg/ton of Citrus XL, a basal diet plus 1.0 kg/ton of Citrus XL, and a basal diet plus 1.5 kg/ton of Citrus XL. To 

do so,  blood biochemistry, fat content, liver score, malondialdehyde (MDA), and superoxide dismutase (SOD) 

levels were measured.  The results indicated a significant increase in HDL levels as well as a reduction in LDL 

and MDA levels, liver scores, and egg yolk fat content. In conclusion, the treatment with 1.0 kg/ton of Citrus 

XL yielded the best results in terms of HDL, liver score, and liver MDA while Citrus XL treatment with 0.5 

kg/ton produced the best results for LDL and yolk fat content. 
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INTRODUCTION 
 

Curcumin is a phytobiotic herbal ingredient known for its 

essential role in the lipid metabolism rate. It can be used in 

animal feed, due to its anti-inflammatory, antioxidant, and 

anti-cancer properties, as well as its ability to prevent liver 

disease (Perrone et al., 2015). Betaine has potential 

benefits for laying hens, functioning as an osmolytic agent 

to mitigate heat stress and positively influencing tonic 

immobility (Abd El-Ghany and Babazadeh, 2022). 

Attapulgite is a mineral utilized as a supplement in 

chicken feed, characterized by its octahedral structure, 

which enhances viscosity, improves absorption capacity, 

and binds toxins within the digestive system of chickens 

(Kanoulas et al., 2023). Chromium, though not required in 

poultry feed, is naturally present in trace amounts and has 

been shown to improve the physiological, immunological, 

growth, and lipid profiles of chickens (Fraz et al., 2023). 

Curcumin has an efficient therapeutic role and protects 

against the effects of oxidative disorders in the liver 

through molecular and cellular mechanisms as 

hepatoprotective (Farzaei et al., 2018). This mechanism 

can improve cellular responses to oxidative stress 

disorders by expressing catalase (CAT), glutathione 

(GSH), glutathione peroxidase (GPx), and superoxide 

dismutase (SOD). The indication of oxidative stress can be 

excessive reactive oxygen species and an imbalance 

between the oxidants and antioxidants in the body, leading 

to the degradation of lipids, cell proteins, and DNA 

(Cichoz-Lach and Michalak, 2014). In layer poultry, the 

use of curcumin can specifically prevent a liver disease 
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called fatty liver hemorrhagic syndrome (FLHS), which is 

caused by a metabolic disorder that causes a very 

significant decrease in egg production, causing mass 

mortality. 

The curcumin combined with attapulgite, betaine, and 

chromium is marketed as Citrus XL. As an industrial feed 

additive product for poultry, it potentially improves the 

lipid metabolism process, reduces heat stress, protects the 

liver function from fatty liver disease, and prolongs egg 

production in aged laying hens. Curcumin has a role in 

regulating lipid metabolism and inhibits hepatic steatosis 

(Feng et al., 2019). The mineral type of attapulgite can 

increase the absorption capacity of feed in the digestive 

tract and exchange ions. It can also help maintain 

intestinal health in chickens by preventing diarrhea in 

laying hens (Zhou et al., 2014; Tzora et al., 2017). The use 

of organic chromium (Cr) is also beneficial in protecting 

livestock from metabolic disorders and heat stress, as it 

helps prevent oxidative stress in cells and tissues (Youssef 

et al., 2022). The inclusion of betaine in the diet can 

optimize feed conversion ratios, increase chest muscle 

circumference, and enhance egg production. The 

osmolytic property of betaine reduces heat stress and has 

good potential for tonic immobility, thereby reducing 

stress in chicks (Abd El-Ghany and Babazadeh, 2022). 

Information regarding the combination of attapulgite, 

betaine, and chromium with curcumin has not yet been 

extensively studied or published. 

Lipid metabolism refers to the utilization of fat 

digested from diet and absorbed from body fat to be used 

by body tissues. According to Attia et al. (2022), lipid 

compounds primarily form lipid metabolites involved in 

egg formation. In addition, the emergence of oxidative 

stress is caused by free radicals which break down into 

malondialdehyde (MDA) as an oxidative degradation 

product. Heat stress is an indicator of disturbances in 

livestock caused by high temperatures arising from 

environmental conditions (Thornton et al., 2021). Heat 

stress, triggered by environmental factors, can disrupt lipid 

metabolism in laying hens by promoting the formation of 

free radicals, thereby increasing MDA levels and reducing 

superoxide dismutase (SOD) activity (Emami et al., 2021). 

The enzymatic reaction in the layer liver to external 

stressors can disrupt the lipid metabolism process and the 

balance of nutritional requirements due to oxidative stress 

from hot temperatures (Bacou et al., 2021). The effects of 

heat stress from high body temperature will influence 

immunological biomarkers, blood chemistry, brain 

function, and other physical parameters, leading to 

oxidative damage of membranes and DNA (He et al., 

2018). A score indicator is obtained by measuring the Heat 

Stress Index (HSI), which involves environmental 

temperature and humidity with various tolerance limits 

(Esnaola-Gonzalez et al., 2020). In chickens, heat stress 

can decrease feed intake efficiency (Killic and Simsek, 

2013), reduce growth rates (Gholamreza et al., 2019), 

lower egg production, slow body weight gain, increase 

feed consumption ratio and raise mortality rates (Wasti et 

al., 2020). These effects are often influenced by a 

combination of air temperature, environmental heat, wind 

speed, and humidity. 

The present study aimed to evaluate the effects of 

Citrus XL supplementation at specific doses on lipid 

metabolism and liver health in ISA Brown laying hens 

aged 82-87 weeks. 

 

MATERIALS AND METHODS 

 

Ethical approval 

All experimental procedures were approved by the 

Animal Ethics Committee of IPB University following the 

guidelines for the use and care of animals in research (No. 

053-2023 IPB). 

 

Animal diets and research design 

This experiment was carried out at Cisadane Pradana 

Farm in Semplak, Bogor City, Indonesia. A total of 2000 

laying hens were used, housed individually in battery 

cages with dimensions of 50 cm (length) x 38 cm (width) 

x 45 cm (height). The feed additive, Citrus XL, produced 

by PT. Nutricell Pacific (Perseroan Terbatas) was used for 

the experiment. Citrus XL was a combination of organic 

chromium, attapulgite, phytobiotic curcumin, and betaine 

(Table 1).  

 

Table 1. Citrus XL feed additive ingredient on laying hen 

lipid metabolism under tropical conditions 

Material1 Amount Unit 

Chromium Organic 100.00 mg 

Attapulgite 200.00 g 

Phytobiotic 350.00 g 

Betaine 200.00 g 
1) PT: Nutricell Pacific. 

 

The product was developed in collaboration between 

PT. Nutricell Pacific and IPB University, based on local 

farming conditions, and was provided by the factory for 

the trials. The laying hen used were the ISA Brown strain, 

aged 82-87 weeks. After an adaptation period, the 
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chickens were randomly assigned to four groups with five 

replications (n = 20), resulting in 100 hens per replication. 

The hens were fed complete diets supplemented with 

Citrus XL at 0, 0.5, 1.0, and 1.5 kg/ton of feed from 82 to 

87 weeks of age. The diet used was complete rations 

provided by PT. Sreeya Sewu Indonesia, Tbk. and 

consisted of corn, bran, soybean meal, meat, and bone 

meal, olein, palm oil meal, wheat bran, distillers dried 

grains with solubles (DDGS), feather meal, amino acids, 

minerals, vitamins, phytase enzyme, non-starch 

polysaccharide (NSP) enzyme, antifungals, antioxidants, 

and organic acids. The complete nutritional components of 

the feed can be seen in Table 2. The feed was provided 

through restricted feeding at a rate of 115 g/day based on 

diet guidance daily feeding requirements (ISA Brown 

Product Guide, 2022), while water was provided ad 

libitum through nipple drinkers. Lighting was regulated for 

18 hours per day, with 6 hours of darkness. Temperature 

and humidity were recorded to determine the Heat Stress 

Index (HSI), with an index score of < 150 indicating 

comfort for hens and >160 indicating heat stress 

(Pakpahan et al., 2023). The HSI during the study ranged 

from a minimum of 154 to a maximum of 172, with an 

average of 163.43 ± 5.01. The HSI results are shown in 

Figure 1. At the end of the study, five hens from each 

treatment group (one per replicate) were randomly 

selected for blood sampling. Approximately 3 ml of blood 

was drawn from the brachial vein in the left wing using a 

syringe and collected in vacuum tubes. The samples were 

transported to the Faculty of Animal Science laboratory at 

IPB University, where they were prepared under cold 

conditions and centrifuged at 1500 rpm for 30 minutes. 

The liver condition was assessed using a Nutricell 

Eggspert color scan tool to detect the color, which was 

reviewed with the L a b color coordinates (L = lightness; a 

= red/green; b = yellow/green). The color data were 

processed in Microsoft Excel and sent to the laboratory for 

testing fat, MDA, and SOD levels. 

 

Table 2.  Nutrient composition of experimental diet on the lipid metabolism of laying hens in tropical conditions 

                                                                            Treatments2 

Nutrient Content1 
T1 T2 T3 T4 

Water (max%) 13.00 13.00 13.00 13.00 

Ash (max%) 14.00 14.00 14.00 14.00 

Crude protein (min%) 17.00 17.00 17.00 17.00 

Crude fat (min%) 3.00 3.00 3.00 3.00 

Crude fiber (max%) 7.00 7.00 7.00 7.00 

Calcium (%) 3.25-4.25 3.25-4.25 3.25-4.25 3.25-4.25 

Phytase ≥ 400 FTU kg 0.45 0.45 0.45 0.45 

Aflatoxin totally (max µ kg-1) 50 50 50 50 

Lysine (min%) 0.84 0.84 0.84 0.84 

Methionine (min%) 0.42 0.42 0.42 0.42 

Methionine+cysistin (min%) 0.70 0.70 0.70 0.70 

Threonine (min%) 0.58 0.58 0.58 0.58 

Tryptophan (min%) 0.19 0.19 0.19 0.19 
1PT. Sreeya Sewu Indonesia Tbk. 2T1: diet without Citrus XL supplementation (Control), T2: Control diet supplemented with Citrus XL 0.5 kg/ton, T3: 

Control diet supplemented with Citrus XL 1.0 kg/ton, T4: Control diet supplemented with Citrus XL 1.5 kg/ton. 

 

Figure 1. Heat stress index condition during the observation of a feeding Citrus XL in the diet of laying hen aged 82-87 

weeks. 
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Blood cholesterol and triglyceride 

The analysis of total blood cholesterol and triglyceride 

levels was conducted following the method of Sharma et 

al. (1987). Samples containing 0.5 ml of blood were 

randomly drawn from each treatment and replication 

group. Enzyme reagents and standard solutions from 

Liquidcolor, Human Diagnostics Worldwide (Germany), 

were prepared for the analysis. The preparation steps 

included filling the blank tube with 1000 μL of enzyme 

reagent. The standard tube was filled with 10 μL of 

standard cholesterol solution (for cholesterol analysis), 

1000 μL of enzyme reagent, and 10 μL of standard 

triglyceride solution (for triglyceride analysis). Then, 1000 

μL of enzyme reagent was added to the plasma 

preparation. The sample tube was filled with 10 μL of 

blood plasma and 1000 μL of enzyme reagent cholesterol 

and triglyceride. The mixture was then homogenized with 

vortex and then incubated at 20°C – 25°C for 20 minutes. 

Absorbance was measured using a spectrophotometer at 

500 nm in wavelength, resulting in the blood cholesterol 

(mg/dL) and triglyceride (mg/dL) levels. 

 

Blood high-density lipoprotein level 

The analysis of blood high-density lipoprotein (HDL) 

levels was performed using the method of Wieland and 

Seidel (1983). A 3 μL blood sample was randomly taken 

for each treatment. Reagent 1 was prepared in a volume of 

225 μL, consisting of 4-Aminoantipyrin (1.4 mmol/L), 

cholesterol esterase (1.6 KU/L), cholesterol oxidase (1 

KU/L), and peroxidase (5 KU/L) as the component to 

detect the concentration of HDL level. Blood serum was 

homogenized with reagent 1 and incubated for 5 minutes 

at 37°C. The absorbance at 600nm was measured using a 

spectrophotometer as A1, representing the standard and 

initial value of HDL level. Reagent 2, consisting of 75 μL 

of HEPES buffer (25 mmol/L) and TOOS (N-Ethyl-N-(2-

hydroxy-3-sulfopropyl)-3-methylaniline, sodium salt, 

dihydrate; 1.3 mmol/L), was then prepared. The blood 

serum was homogenized with reagent 2  and incubated for 

5 minutes at 37°C.  The absorbance was measured again at 

600 nm using a spectrophotometer as A2, focusing on the 

red and purple coloration of the HDL levels. The change 

in absorbance (ΔA) was calculated using the following 

formula to determine the final HDL level (mg/dL).  

 Δ A = A2-A1            (Formula 1) 

 

Blood low-density lipoprotein level 

The analysis of blood low-density lipoprotein (LDL) 

levels was carried out following the method of Wieland 

and Seidel (1983) using blood samples taken randomly in 

3 μL volumes. Reagent 1, consisting of 225 μL HEPES 

buffer (23 mmol/L), 4-Aminoantipyrin (1.5 mmol/L), 

cholesterol esterase (1.6 KU/L), cholesterol oxidase (1 

KU/L), and peroxidase (5.5 KU/L), was prepared. The 

blood serum was homogenized with reagent 1 and 

incubated for 5 minutes at 37°C, and the absorbance was 

measured at 600nm using a spectrophotometer as A1. 

Next, 75 μL of reagent 2 was prepared using HEPES 

buffer (25 mmol/L) and TOOS (1.3 mmol/L). The blood 

serum was homogenized with reagent 2, then incubated for 

5 minutes at 37°C. The absorbance was read again at 600 

nm with a spectrophotometer as A2. The change in 

absorbance (ΔA) was calculated using the following 

formula to determine the LDL level (mg/dL). 

ΔA = A2-A1       (Formula 2)  

 

Egg yolk and liver fat analysis 

The Soxhlet method was used to analyze the fat 

content of liver and egg yolk (AOAC, 2005). The sample 

sizes were 10 ml of egg yolk and 7 g of liver. After being 

dried for 30 minutes at 105
o
C in the oven, the fat flask was 

cooled for 15 minutes in a desiccator. Next, the chilled 

pumpkin was weighed (A). A syringe was used to extract 

5 cc of egg yolk (S) and 5 g of liver (S), which were 

placed on filter paper and tied with fat-free cotton wool. 

After being placed inside a paper thimble and extracted 

with hexane for 3-4 hours at 80
o
C, the filter paper was 

chilled and weighed (B). The fat content was calculated 

using the following formula. 

Fat content (%) = 
B-A
S  x 100%    (Formula 3) 

Superoxide dismutase analysis 

The analysis of SOD was conducted via the method of 

Ulhusna et al. (2019). A 0.5 g sample of liver tissue was 

chopped until fine and homogenized in 2.5 ml of 

phosphate buffer (PB, pH 7). The homogenate was placed 

in a tube and centrifuged at 3000 rpm for ten minutes at 

4
o
C. The supernatant was mixed with 8 ml of a 

chloroform-ethanol (3:5) solution and vortexed before 

being centrifuged again at 3000 rpm for 10 minutes at 4°C. 

The supernatant was then measured for absorbance at a 

wavelength of 480 nm using a spectrophotometer. 

Absorbance was measured at the first, second, third, and 

fourth minutes, and the SOD activity in the liver was 

expressed in U/mL.  

 

Malondialdehyde analysis 

The analysis of malondialdehyde (MDA) levels in the 

liver followed the thiobarbiturate acid reactive substance 

(TBARS) method as described by Ulhusna et al. (2019). A 
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0.5 g sample of liver tissue was finely chopped and 

homogenized in 5 ml of phosphate-buffered saline (PBS), 

with the remaining liver organs saved for further research. 

The homogenate was centrifuged at 3500 rpm for 10 

minutes at 4°C, and the supernatant was extracted and 

transferred to an Eppendorf tube carried out in cold 

conditions. The amount of 1 ml of the supernatant was 

extracted from the Eppendorf and transferred into a test 

tube. A 4-milliliter test tube was filled with a cold 0.25 N 

HCl mixture that contained 0.5% butylated 

hydroxytoluene (BHT), 15% trichloroacetic acid (TCA), 

and 0.38% thiobarbituric acid (TBA). The oven was set to 

80
o
C for one hour, heating the test tube. The liquid tube 

was then allowed to cool for ten minutes in a water-filled 

bath. The tube was centrifuged for 10 minutes at 40° C at 

3500 rpm. The supernatant was read at a wavelength of 

532 nm with a UV-Vis spectrophotometer (Thermo 

Scientific Genesys 10S UV-Vis, USA). A standard curve 

was prepared using 1,1,3,3-tetraethoxypropane (TEP) at 

concentrations of 0, 1, 2, 3, 4, 5, 10, 20, 40, 80 μ, where Y 

is the MDA level (nmol/mg), and the liver MDA levels 

were calculated using the following formula. 

 Y = aX + b                (Formula 4) 

 

Liver color score 

The liver color indicator was measured using a 

colorimeter calibrated with standard white ceramic tiles. 

Samples were taken from each replicate by comparing the 

color of the chicken liver and measuring its brightness, 

identified by the Nutricell Eggspert Digital Colorimeter 

LS175 (China 2022).The lightness (L), redness (a), and 

yellowness (b) values of each liver sample were assessed 

in triplicate, and these values were translated into red (R), 

green (G), and blue (B). Identification of liver disease was 

based on the method described by Zhu et al., (2020), 

which assigns a score of 1-4 by evaluating the color of the 

liver and the number of hemorrhage points. A score of 1 

indicates a normal, dark red liver with no hemorrhage. A 

score of 2 shows a mild, slightly yellow liver with 1-5 

hemorrhages. A score of 3 indicated a moderate, yellow 

liver with 6-15 hemorrhages. Finally, a score of 4 signifies 

extreme, showing a brittle, dark yellow liver with 16-25 

hemorrhages.  

 

Statistical analysis 

Data collected from this study were statistically 

analyzed using analysis of variance (ANOVA) with SPSS 

(2017) software version 25. If significant differences were 

found between treatment groups, Duncan's multiple range 

test (Duncan, 1955) was used for further analysis. 

Polynomial contrasts,  including Linear, Quadratic, and 

Cubic models, were also applied. P values less than 0.05 

were considered significant, and the mean data were 

expressed with standard deviations. 

 

RESULTS 

 

Blood biochemistry, liver malondialdehyde, and 

superoxide dismutase 

Citrus XL supplementation at 0.5 to 1.5 kg/ton of feed 

did not have a significant effect on blood triglyceride 

levels in all groups. The best result was observed at 1.0 

kg/ton, with 1355.4 ± 445.13 mg/dL, compared to the 

control treatment with 1502.6 ± 300.53 mg/dL (p = 0.897, 

p > 0.05).  Blood cholesterol levels showed the best result 

at 0.5 kg/ton of Citrus XL, with 124.8 ± 36.09 mg/dL, 

compared to 151.6 ± 28.99 mg/dL in the control group (p 

= 0.811, p > 0.05).  Supplementation of Citrus XL at 1.0 

kg/ton had a significant effect (35.4 ± 5.85 mg/dL) on 

increased blood HDL levels compared to the control group 

(27.4 ± 4.39 mg/dL) with a p-value of 0.038, and quadratic 

polynomial contrast results of 0.031 (p < 0.05). 

Supplementation of Citrus XL at 0.5 kg/ton significantly 

reduced blood LDL levels (58.0 ± 15.24 mg/dL) compared 

to the control group (85.4 ± 16.50 mg/dL) with a p-value 

of 0.038 and a quadratic polynomial contrast result of 

0.013 (p < 0.05). Supplementation of 1.0 kg/ton of Citrus 

XL had a significantly reduced liver MDA level (0.235 ± 

0.013 U/mL) compared to the control group (0.264 ± 

0.015 U/mL) with a p-value of 0.038 and a quadratic 

polynomial contrast result of 0.015 (p < 0.05). Although 

no significant effects on liver SOD levels were observed, 

polynomial contrast analysis showed a quadratic result 

with a p-value of 0.047, with the optimal dose identified as 

1.0 kg/ton (Tables 3 and 4).  

 

Fat level and liver score 

Supplementation of Citrus XL at 0.5 to 1.5 kg/ton did 

not have any significant effect on the abdominal fat, which 

ranged between 2.98% and 4.26% of body weight. 

However, the control group had the lowest percentage, 

with 2.98 ± 1.19% (p = 0.172). Liver fat levels ranged 

from around 18.93% to 21.25% of liver weight, with the 

best result observed in the Citrus XL 1.0 kg/ton group, 

which presented 18.93 ± 9.13% (p = 0.136).  Citrus XL 

supplementation at 0.5 kg/ton had a significant effect 

(47.93 ± 9.78%) in reducing egg yolk fat compared to the 

control group (63.39 ± 4.72%), with a p-value of 0.004 

and a quadratic polynomial contrast of 0.001 (p < 0.05). 

Additionally, supplementation of Citrus XL at 1.0 kg/ton 
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had a significant effect (2.0 ± 0.70) in reducing the liver 

score compared to the control group (3.4 ± 0.89) with a p- 

value of 0.012 and a quadratic polynomial contrast of 

0.002 (p < 0.05), as shown in Tables 5 and 6. 

 

 

Table 3. Effects of dietary inclusion of Citrus XL on blood biochemistry, liver malondialdehyde, and superoxide dismutase of 

laying hen aged 82-87 weeks under tropical conditions
 

                                      Treatments1 

Variables 
T1 T2 T3 T4 P value2 

Triglyceride (mg/dL) 1502.6 ± 300.53 1389.6 ± 455.97 1355.4 ± 445.13 1490.0 ± 216.42 0.897 

Cholesterol (mg/dL) 151.6 ± 28.99 124.8 ± 36.09 133.2 ± 65.17 137.2 ± 37.93 0.811 

HDL (mg/dL) 27.4 ± 4.39b 35.4 ± 5.85a 37.2 ± 5.80a 34.4 ± 4.03a 0.038 

LDL (mg/dL) 85.4 ± 16.50b 58.0 ± 15.24a 62.2 ± 16.21a 70.6 ± 7.36ab 0.038 

Liver SOD (U/mL) 83.64 ± 20.72 105.45 ± 15.21 112.73 ± 19.91 101.82 ± 9.95 0.084 

Liver MDA (nmol/mg) 0.264 ± 0.015b 0.249 ± 0.018ab 0.235 ± 0.013a 0.255 ± 0.011b 0.038 
1T1:diet without Citrus XL supplementation (Control), T2: Control diet supplemented with Citrus XL 0.5 kg/ton, T3: Control diet supplemented with Citrus 

XL 1.0 kg/ton, T4: Control diet supplemented with Citrus XL 1.5 kg/ton. 2Probability Value. a-bMeans in the same row with superscripts differ significantly (p 
< 0.05). 

 
Table 4. Effects of dietary inclusion of polynomial contrast of Citrus XL on blood biochemistry, liver malondialdehyde, and 

superoxide of laying hen aged 82-87 weeks under tropical conditions 

Variables 
Polynomial Contrast1 

X-Optimum3 
R-Square4 

Linear Quadratic Cubic Model2 R2 

Triglyceride (mg/dL) 0.923 0.463 0.904 Ns - - 

Cholesterol (mg/dL) 0.699 0.448 0.661 Ns - - 

HDL (mg/dL) 0.040 0.031 0.877 Qd 0.96 0.997 

LDL (mg/dL) 0.180 0.013 0.353 Qd 0.86 0.914 

Liver SOD (U/mL) 0.088 0.047 0.916 Qd 0.94 - 

Liver MDA (nmol/mg) 0.184 0.015 0.253 Qd 0.87 0.878 
1If there were significant differences (p < 0.05), the most appropriate equation model is selected. 2Ns: no structure (p > 0.05), Ln: Linear; Qd: Quadratic; Cu: 

Cubic. 3Maximum value of dose (x) to variable (y). 4Variable variation rate (0-1). 

 
Table 5. Effects of dietary inclusion of Citrus XL on fat levels and liver health of laying hen aged 82-87 weeks under tropical 

conditions 

                                     Treatments1 

Variables 
T1 T2 T3 T4 P value2 

Liver Score 3.4 ± 0.89bc 2.4 ± 1.14ab 2.0 ± 0.70a 3.8± 0.44c 0.012 

Red3 114.6 ± 8.04 114.0 ± 16.53 114.4 ± 6.42 120.0 ± 7.00 0.770 

Green3 84.8 ± 10.03 86.0 ± 12.7 81.4 ± 9.28 88.4 ± 2.88 0.703 

Blue3 62.8 ± 4.86 61.4 ± 12.48 66.6 ± 6.58 62.2 ± 7.12 0.763 

Liver Fat (%) 21.25 ± 4.27 19.47 ± 3.90 18.93 ± 9.13 19.56 5.48 0.136 

Yolk Fat (%) 63.39 ± 4.72c 47.93 ± 9.78a 51.93 ± 5.63ab 59.79 ± 2.09ac 0.004 

Abdominal Fat (%) 2.98 ± 1.19 3.97 ± 0.98 4.26 ± 0.94 4.07 ± 0.41 0.172 
1T1:diet without Citrus XL supplementation (Control), T2: Control diet supplemented with Citrus XL 0.5 kg/ton, T3: Control diet supplemented with Citrus 
XL 1.0 kg/ton, T4: Control diet supplemented with Citrus XL 1.5 kg/ton. 2Probability Value. 3Liver color was calculated using a Nutricell Eggspert digital 

colorimeter. a-c Means in the same row with different superscript letters significantly (p < 0.05). 

 
Table 6. Effects of dietary inclusion of polynomial contrast of Citrus XL on fat levels and liver health of laying hen aged 82-

87 weeks of age under tropical conditions 

Variables 
Polynomial Contrast1 

X-Optimum3 
R-Square4 

Linear Quadratic Cubic Model2 R2 

Liver Score 0.639 0.002 0.353 Qd 0.72 0.939 

Red5 0.434 0.513 0.842 Ns - - 

Green5 0.747 0.502 0.371 Ns - - 

Blue5 0.840 0.690 0.342 Ns - - 

Liver Fat (%) 0.650 0.664 0.994 Ns - - 

Yolk Fat (%) 0.592 0.001 0.227 Qd 0.78 0.919 

Abdominal Fat (%) 0.074 0.178 0.903 Ns - - 
1If there were significant differences (p < 0.05), the most appropriate equation model is selected. 2Ns: no structure (p > 0.05), Ln: Linear; Qd: Quadratic; Cu: 

Cubic. 3Maximum value of dose (x) to variable (y). 4Variable variation rate (0-1). 5Liver color was calculated using a Nutricell Eggspert digital colorimeter. 
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DISCUSSION 

 

The results showed that using Citrus XL as a feed additive 

at a level of 1.0 kg/ton significantly increased HDL levels 

in the blood and significantly reduced liver MDA levels. 

The optimum level of Citrus XL for increasing HDL was 

estimated to be 0.96 kg/ton, with a quadratic polynomial 

contrast. The reduction of MDA levels was optimal at an 

estimated level of 0.87 kg/ton. Curcumin has been shown 

to positively influence metabolism and inhibit excess fat 

accumulation (Aderemi and Alabi, 2023). It contains 

beneficial therapeutic properties due to antioxidants and 

herbal ingredients that help improve blood circulation 

throughout the organism (Mughal, 2019). In the study by 

Deng et al. (2023), curcumin supplementation in feed was 

found to increase HDL levels in human metabolism. The 

antioxidant content in curcumin had a positive effect on 

the health of old chickens by maintaining the stability of 

excessive fat growth and facilitating lipid metabolism in 

the blood. This was achieved by modulating HDL activity 

and regulating the activity and levels of biomarkers such 

as apolipoprotein A1, cholesterol acyltransferase, 

paraoxonase -1, and myeloperoxidase (Xie et al., 2012; 

Saberi-Karimian et al., 2021). A meta-analysis study by 

Ilyas et al. (2023), highlighted the crucial role of mineral 

supplementation in the activity of GPx enzymes in the 

liver, which contributes to increasing blood HDL levels, 

and reducing LDL and cholesterol levels. Citrus XL 

supplementation in the diet reduced liver MDA levels 

compared to the control treatment, where it was known 

that the liver was a precursor in the formation of egg yolk 

(Cui et al., 2020). The liver also plays a role in detoxifying 

toxins in the body as well as metabolic waste substances, 

contributing to lipid metabolism in poultry (Zaefarian et 

al., 2019). Low MDA levels indicated a form of 

antioxidant status in livestock and its response in organs, 

reflecting the final product of lipid peroxidation as a 

biomarker of oxidative stress (Respati et al., 2023). The 

inclusion of betaine in Citrus XL likely protected the liver 

from oxidative stress due to decreased liver function in old 

chickens. Previous studies have shown that optimizing 

betaine enhanced antioxidant activity by increasing liver 

detoxification, thereby alleviating the development of liver 

fibrosis and preventing radiation-induced liver damage 

(Shedid et al., 2018). 

Providing Citrus XL in the diet at a level of 0.5 kg/ton 

had a significant effect on reducing LDL levels in the 

blood, with the optimum levels estimated at 0.86 kg/ton. 

Older layers typically have elevated LDL levels, which 

contribute to higher amounts of bad cholesterol circulating 

in their bodies. The increased amount of LDL in the blood 

causes endothelial damage and increased lines of fat 

formation, leading to coronary artery disease, which 

attacks medium and large arteries characterized by 

endothelial cells and lipids in the middle, making it 

essential to maintain normal LDL levels to preserved 

cellular function and structure (Rafieian-Kopaei et al., 

2014; Bandyopadhyay et al., 2018). The meta-analysis by 

Qin et al. (2017) indicated that curcumin reduces LDL 

levels, thereby supporting lipid metabolism and promoting 

overall health. 

Other results regarding the use of Citrus XL at various 

doses did not show a significant effect on triglyceride 

levels. However, it was noted that a dose of 1.0 kg/ton 

resulted in better triglyceride levels than other treatments. 

This improvement can be attributed to the combination of 

organic chromium, betaine, and curcumin, which exhibit 

good antioxidant properties and help maintain cellular 

integrity in the blood. Additionally, older chickens face 

complexities in lipid metabolism; as they age, triglyceride 

levels tend to increase which will, in turn, bring about a 

decrease in egg production (Liu et al., 2018). Chromium 

(Cr) is vital for proper insulin action and is necessary for 

normal protein, fat, and carbohydrate metabolism when 

included in feed. Its mineral use can help manage heat 

stress in chickens, maintain a healthy metabolic rate 

(Chowdhury et al., 2003; Haq et al., 2016), and decrease 

triglyceride levels in the blood chemistry profile (Wardani 

et al., 2020a). Han et al. (2020) showed that the use of Cr 

was beneficial to the health of chickens in limited 

quantities and significantly reduced triglyceride levels in 

the blood with various other additions compared to the 

control group. Citrus XL at 0.5-1.5 kg/ton doses had no 

significant effect on liver SOD in laying hens aged 82-87 

weeks under tropical conditions; however, the highest 

superoxide dismutase (SOD) levels were observed with 

the 1.0 kg/ton treatment, which outperformed the control. 

This indicated that SOD was an antioxidant enzyme which 

was vital for the body and was produced for the defense 

against oxidative stress (Thorpe et al., 2013). It was 

central in scavenging superoxide anions from cell oxygen 

molecules (Hwang et al., 2020). Higher oxidative stress 

levels were associated with older chickens; this was 

demonstrated by the fact that higher stress levels were 

correlated with lower SOD levels, indicating that this 

product provided effective protection against lipid 

peroxidase (Surai, 2016). Oxidative stress in cells was 

caused by intracellular disruptions in the equilibrium 
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between the generation of reactive oxygen species (ROS) 

and antioxidant defenses (Kakkar et al., 2017), with free 

radicals damaging DNA, protein, and lipid structures 

(Schieber and Chandel, 2014) as well as SOD (Wardani et 

al., 2020b; Kemal et al., 2023) and MDA (Rehman et al., 

2018). The use of Citrus XL may beneficially affect liver 

SOD levels in chickens, aiding in the management of heat 

stress conditions and accelerating the lipid metabolism 

cycle in the liver. The betaine content improved 

mitochondrial function and prevented fatty liver disease to 

maintain cells (Zhang et al., 2019) while Cr enhanced 

chicken by boosting antioxidant capacity, reducing stress, 

and enhancing immunity (Xin et al., 2022). There was no 

significant effect on total cholesterol levels in the blood, 

with the lowest cholesterol results observed at the 0.5 kg 

dose, which was better than the other treatments compared 

to the control. The potential of Citrus XL was partly due to 

Cr. According to the study by Sarai et al. (2022), the use 

of Cr can reduce total cholesterol levels in the blood 

during heat stress in chickens. Chromium can boost egg 

production while maintaining egg quality, making it 

beneficial for older laying hens (Chen et al., 2021). 

Controlling cholesterol in the blood is very beneficial for 

maintaining health and has the potential to extend the life 

of egg production in aged laying hens by incorporating 

components with high nutritional value. The total amount 

of cholesterol in the blood also provided information that 

healthy chickens can produce eggs, which is healthy for 

humans (El-Sabrout et al., 2022; Myers and Ruxton, 

2023). Controlling lipid metabolism in blood-circulated 

tissues by reducing cholesterol can stabilize lipid 

accumulation and improve the health status of poultry 

(Tan et al., 2022). Elevated total cholesterol levels were a 

concern as they were associated with increased age and the 

risk of cardiovascular disease (Van Vliet et al., 2009). 

Using Citrus XL at a dose of 1.0 kg/ton showed better 

cholesterol levels compared to other treatments.  

 The findings indicated that the use of Citrus XL 

significantly improved liver condition to prevent fatty liver 

hemorrhagic syndrome with a dose of 1.0 kg/ton and 

resulted in a score of 2.0 compared to the control having a 

score of 3.4. This improvement was accompanied by a 

reduction in liver fat levels across various treatments, with 

the lowest fat levels observed at the 1.0 kg/ton dose. In the 

control treatment, the liver condition was fragile and easily 

damaged, exhibiting multiple hemorrhagic spots indicative 

of fatty liver disease. Liver damage in turkeys and broilers 

can be assessed by measuring the concentration of 

metabolites as biomarkers in the blood and observing any 

decrease in protein levels (Beyoğlu and Idle, 2020; 

Tardieu et al., 2021). According to Heeren and Scheja 

(2021), a fragile liver is caused by liver lipid metabolism 

disorders or lipotoxicity problems, which trigger stress and 

reduce liver function in old chickens (You et al., 2023). A 

healthy avian liver, characterized by a fresh brownish-red 

color, suggests optimal liver function in detoxifying toxins 

and synthesizing fats (Zaefarian et al., 2019). In the 

present observation, liver color in the treatments was 

evaluated using a digital colorimeter, assessing scores on 

Lightness (L), red/green coordinate points (a), and 

yellow/blue coordinate points (b), which were converted 

to Red, Green, and Blue. A deep and fresh liver color 

indicates a healthy liver and can potentially prolong egg 

production in old age. The use of curcumin to improve 

liver function in laying hens, complemented by betaine 

and organic chromium, was a beneficial combination for 

re-energizing liver function and extending the productive 

period in laying hens. Furthermore, curcumin aids chicken 

metabolism in preventing heat stress conditions, 

particularly during extreme temperatures (Hu et al., 2019; 

Liu et al., 2020; Wasti et al., 2020). Curcumin has also 

been optimized as a hepatoprotective agent to protect 

against injury and the effects of aging (Afrin et al., 2017; 

Li et al., 2021). Chickens exposed to heat stress can 

experience cell damage and disrupt egg production, 

necessitating proper management to prevent declines in 

egg yield, which could lead to financial losses (Li et al., 

2020; Ahmad et al., 2022). A yellowish liver color 

indicated a health problem in the body. Anatomically, 

hepatocytes are microscopic cells, if they become filled 

with pigment or accumulate fat deposits, their color will 

change. 

The results of this study did not show a significant 

effect on abdominal fat; however, there was a notable 

impact on reducing yolk fat. There was a lower fat content 

in the egg yolk in each treatment but the lowest fat content 

was observed at 0.5 kg/ton. The optimum levels of Citrus 

XL in reducing the fat content of the yolk was estimated at 

0.78 kg/ton. High fat levels in the liver can inhibit the egg 

formation process, and if left uncontrolled, may lead to 

fatty liver disease, consequently affecting the fat 

concentration in egg yolk. Given that egg yolks contain 

high levels of fat, it was essential to limit their content to 

maintain overall health by managing fat intake. The age of 

the chickens also affected laying performance, egg yolk fat 

content, and their health status (Keum et al., 2018). The 

decrease in egg yolk fat content observed with various 

treatments of Citrus XL shows its potential to mitigate 

heat stress at the metabolic level. It improved internal egg 

quality due to optimal fat mobilization in adipose tissue 
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(Chen et al., 2023), which was an important consideration 

for consumers seeking low-fat eggs. Based on research 

from Yusuf et al. (2023), egg quality can be improved for 

consumer's health by including vitamin D3 supplements in 

their diet. However, the results of this study indicated that 

the abdominal fat in aged laying hens during 82 to 87 

weeks of age, when using various doses, could not reduce 

the abdominal fat content of laying hens in hot 

environmental conditions. An indicator of heat stress 

exposure was improper food absorption, leading to fat 

deposits in the chicken’s stomach (Brugaletta et al., 2022). 

The accumulation of fat in poultry, especially in broilers 

and laying hens, often results from their early life 

exposure to environmental stressors, including both heat 

and cold stress. In addition, older chickens tend to 

accumulate more abdominal fat, which restricts nutrient 

absorption, necessitating the implementation of effective 

feeding strategies (Fouad and El-Senousey, 2014). 

 

CONCLUSION 

 

This study indicated that supplementation at a level of 1.0 

kg/ton of Citrus XL provided the best results in treating 

heat stress and preventing FLHS in chickens aged 82-87 

weeks. It significantly improved lipid metabolism and 

liver health scores, increased blood HDL levels, and 

reduced egg yolk fat and MDA in ISA Brown laying hens. 

Future research should be carried out to evaluate Citrus 

XL during the first laying period until peak egg 

production.  
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