
 Corresponding author: Nurul Mahmudati 

Copyright © 2023 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Decoction of ginger (Zingiber officinale Roscoe var Roscoe) attenuate the oxidation 
stress in hyperlipidemia rat (Rattus norvegicus) 

Nurul Mahmudati 1, *, Wahyu Prihanta 1, Poncojari Wahyono 1 and Anis Irmawati 2 

1 Department of Biology Education, Faculty of Education, University of Muhammadiyah Malang, Malang, Indonesia. 
2 Department of Oral Biology, Faculty of Dental Medicine, University of Airlangga, Surabaya, Indonesia. 

World Journal of Advanced Research and Reviews, 2023, 17(01), 728–733 

Publication history: Received on 10 December 2022; revised on 17 January 2023; accepted on 20 January 2023 

Article DOI: https://doi.org/10.30574/wjarr.2023.17.1.0107 

Abstract 

Based on UNICEF data, overweight and obesity increased across all age and income groups. Overweight has a risk of 
developing hyperlipidemia and caused increase free radical and lead to oxidative stress. It’s result in cell damage and 
impacts on several diseases among others diabetes mellitus. Many Medicinal Plant have biochemical compound which 
is an important concern because of the potential to reduce free radicals.  0ne of them is ginger (Zingiber officinale Roscoe 
var Roscoe). Medicinal plant generally is usually used with various extraction method to obtain the required chemical 
content. Information of ginger for reduce free radical with maceration extraction method has been reported in previous 
studies but little information with decoction extraction method. This study aims to determine the reduction of free 
radicals with MDA (malondialdehyde) as a marker and increased antioxidant activity with SOD (superoxide dismutase) 
as a marker after administration of ginger. This research was used the true experimental with the randomized posttest 
only control group design. The groups of experimental were divided into three which G1: control normal G2: High Fat 
Diet (HFD), G3: HFD + Zingiber officinale Roscoe var Roscoe (ZO) 5 g/day. The period of study was 6 weeks. The level of 
liver MDA and SOD were investigated by spectrophotometer UV Vis. Based on ANAVA showed that HFD rat increase of 
body fat weight and MDA (p<0,05) and reduced of total antioxidant SOD (p<0.05). The conclusion of this research 
decoction of Zingiber officinale Roscoe var Roscoe could attenuate of lipid peroxidation induce by HFD. 
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1. Introduction

Obesity, the mayor health burden of the 21st century because of health disorder including diabetes mellitus [1, 2]. 
Diabetes mellitus one of most serious metabolic diseases that cause morbidity and mortality in human [3]. Overweight 
is defined as body mass index (BMI) ≥ 25 kg/m2 and greater than or equal to 30 kg/m2 for the obesity. Approximately 
about 39 million people under the age of 5 are obesity in 2020 [4, 5]. BMI has certain limitation, because of does not 
distinguish the difference between lean mass and fat nor does it identify fat distribution. Based on recent research 
obesity related risk factor depend not on the excess body weight per se, but rather on body fat distribution such as 
abdominal adiposity, or visceral adiposity. Visceral fat induced oxidant and pro inflammatory states and abdominal fat 
is significant risk factor for obesity related diseases [1]. ROS from superoxide formation due to obesity induced oxidative 
stress [6]. Superoxide (O2-), hydrogen peroxide (H2O2) and hydroxyl radical (OH.) are reactive oxygen species (ROS). 
Mitochondria is the most important site where intracellular ROS are produced, ROS may also be produced by plasma 
membrane and system such as endoplasmic reticulum (ER), lysosome, peroxisome and by cytosolic enzymes. ROS have 
many biological effects good if at low concentration but in high level they may damage DNA, lipid and protein that lead 
to cell death [7].  
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ROS is one of particular interest because it has a vital role in physiological and pathological process. In general source 
of ROS comes from exogenous and endogenous induction. Exogenous induction varies, among others exposure to 
engineered nanoparticles, chemotherapeutics and microbial infection, radiation, cigarettes, pollution, drug, and 
xenobiotic [8, 9]. Endogenous induction via normal cell metabolism and respiration, however if the ROS become very 
high it will have a toxic effect on human life. Increasing of ROS leads to cell thorough oxidation of DNA, protein, lipid, 
that cause cell dead by apoptosis and necrosis [10]. Oxidation of DNA will form 8-oxoguanine, lipid peroxidation became 
Malondialdehyde (MDA) and protein change to protein carbonylation and will form hydroxy amino acid. MDA can also 
bond with Guanine and form MDA-DNA (M1Dg) [9].  

Obesity has a lot of bad effect among others lipid/lipoprotein abnormalities including elevated cholesterol, triglycerides, 
apolipoprotein-B and lower of level high density lipoprotein (HDL) [11]. The prevalence of obesity is increasing in all 
age groups due to many factors including environmental, individual factor such as food marketing, effort is needed to 
reduced it through life style changes like improve physical activity, reduced calorie intake and long terms treatment 
[12] . 

Ginger (Zingiber officinale Roscoe var Roscoe) is known and widely used spice and condiment, many study showed that 
ginger have antioxidant potential as well as medicinal application [13, 14]. In recent years, studies showed that ROS 
became important factor in the development of chronic deceases. Many plant including spices have phytochemical 
compound that can inhibit ROS via antioxidant activity. Antioxidant activity in spices can decrease lipid peroxidase, 
thorough free radical scavenger, antioxidant endogen stimulation, and increase antioxidant activity [15]. Based on 
research about ethanol extract of ginger showed that ginger could increase SOD and decrease MDA in cisplatin induced 
oxidative stress in rat [16]. Ginger also increased erythroid-2-related factor 2 (Nrf2) gene expression and decrease 
nuclear factor kappa (NFkB) in animal testis [14]. Nrf2 have to regulate antioxidant molecule and enzyme and isolated 
in cytoplasm in general condition [17]. Ginger has multiple bioactive compounds including 6-gingerol, 6-shogaol, 
gingerdions, gingerdiol, paradols, 6-dehydrogingerols, 12-gingerol, and etc. that influenced biological activities. The 
mayor active compound are 6-shogaol and 6-gingerol and have the beneficial effect among others as an antioxidant [18]. 
Based on recent research showed that ginger can inhibit apoptosis and oxidative stress in PD model (6-OHDHA-indiced 
PCl12 cells). Reduction of stress oxidation sees thorough enhancement of antioxidant activity such as catalase, SOD, and 
another important marker [17].  

Ginger was used in a traditional medical field with many kinds of extraction method such as maceration, Soxhlet, as well 
as sonication by using ethanol as the solvent [19]. Sarmoko and colleagues used maceration of red ginger for the 
treatment of colon cancer. They used ethanol for extraction the chemical compound of red ginger [20]. Maceration with 
ethanol 70% of finger was used in study of hypercholesterolemia and hyperglycemia for reduced oxidant and induce 
antioxidant activity [21]. Maceration with n-hexane of ginger has also been reported as antibacterial activity [22].  

The information of ginger as antioxidant activity in many previous research generally used maceration extraction 
method with ethanol or methanol as a solvent. This method is known as non-green chemistry method for extraction. To 
overcome this problem, the decoction [23] is introduced as the simple and more green chemistry method for extraction 
by using only water as the solvent. There is a little information studied with decoction extraction method especially for 
ginger. There for this study aims to determine the effect of Zingiber officinale Roscoe var Roscoe on oxidant-antioxidant 
status in rat hyperlipidemia given by the decoction method. 

2. Material and methods 

2.1. Research design 

This research was used the true experimental design with the randomized posttest only control group design. The 
research was conducted at the PAU Nutritional Food University of Gadjah Mada Yogyakarta. Eight-teen of male Wistar 
rats (Rattus norvegicus) age of 3 months, weight 180-250 g was used in this research. Rats were housed one per cage 
and divided into three groups consist of G1 as normal control, G2 as hyperlipidemia and G3 as hyperlipidemia + addition 
of Zingiber officinale Roscoe var Roscoe (ZO) 5 g/200 g/day, respectively. The composition of the high fat diet (HFD) for 
hyperlidemia condition was 60 % of Comfeed PAR-s, 27,8% of wheat, 2% of cholesterol, 0,2% of colic acid, and 10 % 
lard. It was given for 2 weeks before treatment with ginger (ZO).  Zingiber officinale Roscoe var Roscoe was obtained 
from local market in Malang and then made in to powder. The extraction of ginger powder was done by the decoction 
method according to Mahmudati [2]. Zingiber officinale Roscoe var Roscoe administration was carried out for 28 days. 
Marker of hyperlipidemia was determined as a triglycerides number by using triglycerides assay kit (DyaSis, Germany).  
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2.2. Plant and Animals  

Ginger (Zingiber officinale Roscoe var Roscoe) was obtained from the local market in Malang, East Java Indonesia. 
Rhizomes from the ginger were used in this research that done harvesting about 8 months. The experimental unit in 
this study was 3 months age of male Rattus norvegicus originating from inter university center (PAU) Nutrition Food 
UGM Yogyakarta.  

2.3. Determination of MDA Level 

MDA level was measured according to Wuryastuti and co-workers with the following steps. [24] Exactly 750 µL of 
phosphoric acid was mixed with 13 mL as well as liver tissue as sample in a tube. The mixture was added with 250 µL 
40 mM thiobarbituric acid (TBA), followed by 45 mL of double distilled water and then mixed and covered. The mixture 
was heated in a water bath for 60 minutes up to 100 °C and cooled to 30 °C. The column Sep-Park C18 was prepared for 
inserting the mixture contained sample. The column was added with 5 mL of methanol and double distilled water, 
respectively. The sample was inserted into the column and discarded. TBA were eluted from the column with 4 mL 
methanol and collected in cuvette tube. Sample was measured by Spectrophotometer UV-Vis at 532 nm wavelength and 
1,1,3,3-tetraethoxypropane was used as standard. 

2.4. Determination of SOD Level 

Determination of liver SOD level was used SOD assay protocol in Superoxide dismutase activity assay kit by Dyasys, 
Germany (catalog K355-100). The SOD level was measured by using WST-1 method. First, 200 µL of sample solution 
was added to sample well and blank 2 well. Second, 20 µL H20 to each blank 1 and 3 well. Third, 200 µL of WST working 
solution was added to each well and followed by addition of 20 µL of dilution buffer to blank 2 and 3 well. Fourth, 20 µL 
of enzyme working solution was added to each sample and blank 1 well, and then mixed thoroughly. All the well was 
incubation plate at 37 °C for 20 minutes. The absorbance was read at 450 nm by using microplate reader and calculated 
the SOD activity.  

3. Results  

3.1. Hyperlipidaemia condition 

Hyperlipidemia is known as an abnormal condition of the lipid which found in the blood [25]. The level of 
hyperlipidemia is easily counted as the present of total triglycerides or cholesterol in blood. In this study, we used the 
white rats (Rattus norvegicus) which given with high fat diet (HFD) as mentioned before for two weeks. The level of 
triglycerides was counted as the marker of hyperlipidemia and shown in the Table 1. HFD rats showed the higher TG 
level than the normal rats. 

Table 1 Triglyceride (TG) level in Normal rats and HFD rats 

Treatment Mean TG+ SD (n=6) 

Normal rats 75.42±3.19 

HFD rats 151.50±3.59 

3.2. MDA and SOD Level of Liver Tissue after Treatment with ginger extract 

Malondialdehydes (MDA) and Superoxide Dismutase (SOD) was measured from the rat’s liver tissue as mentioned 
before. The result of MDA is shown in the Figure 1. The HFD rats was treated with addition of 5 g ginger/day for 28 days 
which selected from the previous study by Mahmudati [2]. The data showed that treatment with addition of ginger 
powder 5 g/day decreased the MDA level compared to HFD rats only. It concluded that antioxidant inside the ginger 
decreased ROS which causes lipid peroxidation. Reduction in lipid peroxidation was measured using the MDA marker. 
Meanwhile, the SOD level increased with the same treatment. The number of SOD increased from 29.51±3.67 % to be 
58.13±13.35 %.  
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Figure 1 MDA level graph in liver tissue (note: G1= normal rats, G2= HFD rats, and G3= HFD rats+ addition of 5 g 
ginger/day) 

 

 

Figure 2 SOD level graph in liver tissue (note: G1= normal rats, G2= HFD rats, and G3= HFD rats+ addition of 5 g 
ginger/day) 

4. Discussion 

Based on ANAVA decoction extraction method of ginger (Zingiber officinale Roscoe var Roscoe) in this research can 
significantly reduce oxidative stress in hyperlipidemic rat. The decrease free radical in this study was mark by a 
decrease malondialdehydes (MDA) than followed by increased antioxidant activity thorough superoxide dismutase 
(SOD) markers. Information about ginger as an antioxidant is vast in previous research because of phytochemical 
compound such as volatile oils are generally composed of terpenoid and give a unique aromatic smell, and gingerol as 
the spicy component [26]. Gingerol in heat treatment or long storage can be transformed into corresponding shogaol 
and after hydrogenation can be transformed into paradol. Ginger also has another phenolic compound such as 
quercetin, gingerenone-A, and 6-dehydrogingerdione. Gingerol and shogaol has strong antioxidant activity [27].  

The result of this research the same as previous research where 6-gingerols reduced ROS production by 18.5 % 
compared to control in C-elegants [28]. Based on research by Shekarforoush, ethanolic extract of ginger decrease 
ovarian tissue MDA in rat treatment with sodium metabisulfite (SBM) in high dose [29]. Combination of ginger with fish 
oil modulatory effect of antioxidant status like elevated in antioxidant capacity [30]. Administration of ginger in ethanol 
induced hepatoxicity in male rat can decrease MDA level and increase SOD level compared to un treated ginger and 
further improve liver function [31].  

Information in previous and this research showed that Zingiber officinale Roscoe var Roscoe can inhibit cell damage by 
regulatory in antioxidant status. Based on LC-MS data, the decoction of Zingiber officinale Roscoe var Roscoe have 
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phytochemical 6-gingerol and 6-shogaol (data not shown), Therefore decoction extraction method can be considered 
to inhibit oxidation stress and maintain of health. Decoction method is more practice than maceration or another type 
of extraction with chemical solution because of very simple and cheap. 

5. Conclusion  

Decoction of Zingiber officinale Roscoe var Roscoe 5 g/day can improve oxidant status in hyperlipidemia rats by 
decreased the MDA and increased SOD level in liver tissue.  

Compliance with ethical standards  

Acknowledgments  

The authors are like to thank to DPPM University of Muhammadiyah Malang for providing the financial support 
(Doctoral Grant) for this research.  

Disclosure of conflict of interest 

There is no conflict of interest from the authors. 

Statement of ethical approval  

An ethical clearance certificate which is a requirement for conducting this research has been obtained from the Health 
Research Ethics Committee of University of Muhammadiyah Malang (No. E.5.a/242/KEPK-UMM/2021). 

References 

[1] Manna P, Jain SK. Obesity, Oxidative Stress, Adipose Tissue Dysfunction, and the Associated Health Risks: Causes 
and Therapeutic Strategies. Metabolic syndrome and related disorders. 2015, 13(10):423-44. 

[2] Mahmudati N, Wahyono P, Djunaedi D, editors. Antioxidant activity and total phenolic content of three varieties 
of Ginger (Zingiber officinale) in decoction and infusion extraction method. Journal of Physics: Conference Series, 
2020: IOP Publishing. 

[3] Noipha K, Ninla-Aesong P. Antidiabetic Activity of Zingiber officinale Roscoe Rhizome Extract: an In Vitro Study. 
HAYATI Journal of Biosciences. 2018, 25(4):160. 

[4] Federation ID. IDF Diabetes Atlas, 10th edn Brussels2021 [Available from: 
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf. 

[5] Organisation WH. Obesity and overweight 2021 [Available from: https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight. 

[6] Khutami C, Sumiwi SA, Khairul Ikram NK, Muchtaridi M. The Effects of Antioxidants from Natural Products on 
Obesity, Dyslipidemia, Diabetes and Their Molecular Signaling Mechanism. International Journal of Molecular 
Sciences. 2022, 23(4):2056. 

[7] Pérez-Torres I, Castrejón-Téllez V, Soto ME, Rubio-Ruiz ME, Manzano-Pech L, Guarner-Lans V. Oxidative Stress, 
Plant Natural Antioxidants, and Obesity. Int J Mol Sci. 2021, 22(4). 

[8] Juan CA, Pérez de la Lastra JM, Plou FJ, Pérez-Lebeña E. The Chemistry of Reactive Oxygen Species (ROS) 
Revisited: Outlining Their Role in Biological Macromolecules (DNA, Lipids and Proteins) and Induced 
Pathologies. Int J Mol Sci. 2021, 22(9). 

[9] Zhang C, Wang X, Du J, Gu Z, Zhao Y. Reactive Oxygen Species-Regulating Strategies Based on Nanomaterials for 
Disease Treatment. Advanced Science. 2021, 8(3):2002797. 

[10] Checa J, Aran JM. Reactive Oxygen Species: Drivers of Physiological and Pathological Processes. Journal of 
inflammation research. 2020, 13:1057-73. 

[11] Agrawal N, Singh SK. Obesity: an independent risk factor for oxidative stress. 2017. 2017, 4(3):4. 

[12] Soldo AM, Soldo I, Karačić A, Konjevod M, Perkovic MN, Glavan TM, et al. Lipid Peroxidation in Obesity: Can 
Bariatric Surgery Help? Antioxidants (Basel, Switzerland). 2022, 11(8). 

https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight


World Journal of Advanced Research and Reviews, 2023, 17(01), 728–733 

733 

[13] Gunathilake KDP, Rupasinghe HPV. Recent perspectives on the medicinal potential of ginger. Botanics and target 
therapy. 2015, 20155:55-63. 

[14] Li N, Xing Y, Sultan AH, Raeeszadeh M, Akbari A, Liu H. Ginger (Zingiber officinale Roscoe) Improves Ethanol-
Induced Reproductive Dysfunction by Enhancing Steroidogenesis and Inhibiting Oxidative Stress and 
Inflammation. Brazilian Archives of Biology and Technology. 2022, 64. 

[15] Ishfaq M, Hu W, Hu Z, Guan Y, Zhang R. A review of nutritional implications of bioactive compounds of Ginger 
(Zingiber officinale Roscoe), their biological activities and nano-formulations. Italian Journal of Food Science. 
2022, 34(3):1-12. 

[16] Beagloo IE, Valilu MR, Motiei M, Rahbar M, Hejazi A. The antioxidant and hepatoprotective effect of alcoholic 
extract of ginger against the cisplatin-induced oxidative stress in rats. Biomed J Sci Tech Res. 2019, 19. 

[17] Hao S, Cho BO, Wang F, Shin JY, Shin DJ, Jang SI. Zingiber officinale attenuates 6-hydroxydopamine induced 
oxidative stress and apoptosis through AKT, Nrf2, MAPK, NF-κB signaling pathway in PC12 cells. Food Science 
and Technology. 2022, 42. 

[18] Arsana I, Adiputra N, Pangkahila J, Putra-Manuaba I. Garcinia mangostana L. rind extract and physical training 
reduce oxidative stress in wistar rats during maximal physical activity. Indonesian Journal of Biomedical Science. 
2013, 7(2):63-8. 

[19] Sinh N, Phuc V, Thao N, Nghia D, Bao L, Duong D, et al. - Ethanol extract of Ginger Zingiber officinale Roscoe by 
Soxhlet method induces apoptosis in human hepatocellular carcinoma cell line. 

[20] Sarmoko S, Iin S, Joko S, Heny E, Arif F. Zingiber Officinale Var. Rubrum Extract Increases The Cytotoxic Activity 
Of 5-Fluorouracil In Colon Adenocarcinoma Widr Cells. Indonesian Journal of Pharmacy. 2020, 31(4). 

[21] Sunaryo H, Rachmania R, Dwitiyanti D, Siska S. Antioxidant Activity of Combination between Ginger Extract 
(Zingiber officinale Rosc.) with Zink Based on MDA, SOD and Catalase Measurements in Hypercholesterolemia 
and Hyperglycemia Mice with Streptozotocin as Inducer. 2015. 

[22] Sari P, Lilis Siti A, Jasmansyah J, Wenny Eliza A. Antibacterial Activity of Ethyl Acetate Extract of Red Ginger 
(Zingiber Officinale Roscoe Var. Sunti) Against Bacteria of Staphylococcus Aureus and Escherichia Coli. Jurnal 
Kartika Kimia. 2018, 1(1):29-34. 

[23] Leoni A, Budriesi R, Poli F, Lianza M, Graziadio A, Venturini A, et al. Ayurvedic preparation of Zingiber officinale 
Roscoe: effects on cardiac and on smooth muscle parameters. Natural Product Research. 2018, 32(18):2139-46. 

[24] Wuryastuti H. The Influence of Dietary Protein and Fats on Plasma Lipids in Sprague Dawley Rats. Indonesian 
Food and Nutrition Progress. 2000, 7(2):37-41. 

[25] Toor A, Toor A, Khalighi K, Krishnamurthy M. Triglyceride Levels Greater Than 10,000 mg/dL in a 49-Year-Old 
Female without Evidence of Pancreatitis. Case Reports in Endocrinology. 2019, 2019:6273196. 

[26] Liu Y, Liu J, Zhang Y. Research Progress on Chemical Constituents of Zingiber officinale Roscoe. Biomed Res Int. 
2019, 2019:5370823. 

[27] Mao QQ, Xu XY, Cao SY, Gan RY, Corke H, Beta T, et al. Bioactive Compounds and Bioactivities of Ginger (Zingiber 
officinale Roscoe). Foods. 2019, 8(6). 

[28] Lee EB, Kim JH, An CW, Kim YJ, Noh YJ, Kim SJ, et al. Longevity and Stress Resistant Property of 6-Gingerol from 
Zingiber officinale Roscoe in Caenorhabditis elegans. Biomol Ther (Seoul). 2018, 26(6):568-75. 

[29] Shekarforoush S, Rezaee N, Farzanfar E. Does Ginger Protect Against Ovarian Damage in Rats Induced by Sodium 
Metabisulfite Toxicity? An Experimental Evidence. Iranian Journal of Toxicology. 2020, 14(4):215-20. 

[30] A. F, A S, I A, H E, M. H. The Antioxidant And Hepatoprotective Effects Of Ginger And Fish Oil On 
Hypercholesterolemia-Induced Oxidative Stress In Male Rats. Veterinary Medical Journal (Giza). 2017, 63(4):47-
56. 

[31] Akbari A, Nasiri K, Heydari M, Nimrouzi M, Afsar T. Ameliorating Potential of Ginger (Zingiber officinale Roscoe) 
Extract on Liver Function and Oxidative Stress Induced by Ethanol in Male Rats. 2019, 21(2):e86464. 


