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ABSTRACT 

This research has been carried out for a month using eighty three-month-old female Cihateup ducks and has 

been used to study the influence of glutathione on the endogen antioxidant response and  histological illeum. 

The separation of glutathione was carried out using the distillation technique. Each experimental group 

consisted of 20 ducks, each treated with G0 = without glutathione; G1= Administration of glutathione 150 

µL/head; G2 = Administration of glutathione 175 µL/head; G3= Administration of glutathione 175 µL/head. 

Tissue and blood sampling was collected at the end of the study by EDTA tube and a fixative solution, and 

tissue preparations were made using the Mallory-Asan technique and analyzed using a binocular microscope. 

Antioxidant levels were measured using a spectrophotometer technique based on the instructions of the Randox 

Kit. The results showed that glutathione affected (P<0.05) morphometric ileum (villi, Peyeri's plaque and goblet 

cells) and increased with increasing glutathione level and endogenous antioxidant response. It was concluded 

that glutathione is able to stimulate protein and lipid anabolism, as well as hormonal signals related to ileal 

tissue growth and antioxidants. 
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INTRODUCTION 

The wealth of Indonesian local livestock 

commodities must be developed in order to have 

high productivity. One of these commodities is 

ducks. At present, the determination of the 

Cihateup local duck line has been carried out. 

Livestock productivity is only determined by 

30% if the genetic aspect and the remaining 70% 

is determined by the environmental aspect, 

although the two cannot play a role 

independently, the interaction of the two is 

always needed. 

The environmental aspects that are 

generally a problem for local poultry are feed 

and the physical environment. It is known that 

Indonesia as a tropical country has a high 

environmental temperature (ranging from 25 – 

350C) even in certain areas it can exceed 350C. 

Temperatures above the comfort zone for laying 

ducks (19 - 220C) cause oxidative stress 

(Mushawwir et al., 2010; Siregar et al., 2020; 

Adriani et al., 2020, 2021) which has an impact 

on not achieving optimum production. 

Cihateup ducks generally spread in West 

Java, including in the lowlands such as Cirebon, 

Indramayu, Subang, lowlands of Garut and 

Tasikmalaya, Kuningan. In addition to the high 

temperature, another problem that causes the 

duck's productivity is not optimal is the 

maintenance system which is generally still 

traditional (extensive). Although this system has 

the advantage of minimizing feed costs. 

However, this maintenance system is at risk of 

infection with aflatoxins and pathogenic 

microbes. Both of these conditions (temperature 

and maintenance system) can trigger increased 

damage to intestinal tissue (ileum) (Allen et al., 

2015; Fabris et al., 2017, Mushawwir et al., 

2011, 2021a,b,c,d). 

The study reports on environmental 

impacts on the histological condition of the ileum 

are still inadequate, especially related to efforts 

to overcome them using natural materials. One of 

the natural ingredients that can be used to 

overcome these environmental impacts is 

glutathione. 

Several previous studies have shown that 

several micronutrients such as amino acids from 

natural ingredients can act as effective additives, 

induce immune production, improve metabolism 

(Xu et al., 2015; Mushawwir et al., 2018, 2020d; 

Nurmalia et al., 2020); reduce cell death (Loyau 

et al., 2014; Mushawwir et al., 2020a,c,d). Amino 

acids are widely used independently (Tian et al., 

2015). There are still very few reports of the use 

of amino acids synthesized into glutathione. 

Related to this phenomenon, researchers are 
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interested in exploring the effect of fed 

glutathione on the morphometric ileum and the 

endogenous antioxidant response of cihateup 

ducks in reared traditionally. 

MATERIALS AND METHOD 

Animal and Experiment Design 
Eighty female Cihateup ducks, aged 3 

months with a body weight of 1476 ± 42.39 g, 

were used in this study. The experimental ducks 

were divided into four treatment groups, 

consisted of 20 ducks, severally. 

Each experimental duck was given a 

wing tag coded for the treatment group (G0, G1, 

G2 and G3). Ducks are allowed to move freely 

(playing, eating and drinking) according to the 

maintenance technique, which is extensive. This 

experiment was conducted in one of the duck 

breeders in Subang Regency, West Java, for one 

month. Tissue samples were analyzed at the 

Laboratory of Animal Structure, Department of 

Biology, Faculty of Mathematics and Natural 

Sciences and at the Laboratory of Physiology and 

Biochemistry, Faculty of Animal Science, 

Padjadjaran University. 

Glutathione Assembly and Treatment 

Method 
The glutathione used in this study was 

the result of chemical synthesis based on national 

competitive basic research (Mushawwir et al., 

2020). Glutathione synthesis includes binding of 

the first amino acid C terminal (loading resin), 

coupling of the second amino acid (Fmoc-Cys-

OH), coupling of the third amino acid (Fmoc 

Glu-O(tBu), release of tripeptides from the resin 

which is characterized by a change in resin color 

to the resin was filtered then the filtrate was 

concentrated using a rotary evaporator, then the 

solids (glutathione) were dried using a freeze 

dryer, tested for purity by analytical RP-HPLC, 

purified with semi-preparative RP-MPLC and 

preparative RP-HPLC, then the purification 

results were tested again for purity with RP -

Analytical HPLC, then the purified peptides were 

characterized using TOF-MS and NMR 

The characteristics of the results of 

glutathione synthesis are shown in Table 1 

below: 

 
 

 

 

Table 1. Characteristics of glutathione synthesis 

results 

Characteristics Value 

Density in solution 50.000 ppm 

Viscosity 86% 

pH 6,5 

 
The treatment of glutathione solution was carried 

out with the following doses: 

Group G0  = Without glutathione 

Group G1 = Administration of glutathione 150 

µL/head 

Group G2 = Administration of glutathione 175 

µL/head 

Group G3 = Administration of glutathione 175 

µL/head 

 

The administration of glutathione to each 

experimental duck was carried out every 

morning (hours 06.00 – 07.00) for one month, 

before the cattle were active, eating and drinking. 

The technique of administering glutathione to 

ducks was carried out using a force-feeding 

technique, using a micropipette. 

Tissue, Blood Collection, and sample 

Analysis 
Tissue samples were collected at the end 

of the experiment, 10 experimental ducks were 

randomly selected in each experimental group, 

respectively. The selected ducks were cut and 

immediately separated from the intestinal tissue 

(illeum) while dripping with physiological NaCl 

solution, the illeum was put into a sample bottle 

that already contained a fixative solution, 

immediately. 

The Mallory-Asan staining technique 

was used to analyze ileal tissue samples. The 

reagent solutions used included 95% ethanol, 

Aniline oil, Aquades, each as solution A. 

Solution B, consisting of Glacial Acetic Acid, 

Azocarmine G Cl n.50085, Aquades), and the 

other reagent included solution C and D. 

Determination of histological parameters (illium 

morphometrics, plaque Peyeri and goblet cells) 

were performed using a microscope. 

The spectrophotometer technique, based 

on the instructions in the Randox kit, has been 

applied to determine the level of antioxidant 

response. For this purpose, the blood has been 

centrifuged to obtain the liquid plasma. 
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Data Analysis 
The data were analyzed using the semi 

qualitative of Kruskal Wallis comparison test 

(Suwarno and Mushawwir, 2019). The analysis 

was carried out with the SPSS IBM 21 software 

application. 

RESULT AND DISCUSSION 

The endogenous antioxidant response of 

Cihateup ducks based on the results of the study 

is shown in Table 2. 

 
Table 2. Levels of Endogenous Antioxidants in Cihatep Ducks with Glutathione Administration 

 Antioxidant 
Glutathione Levels 

GO G1 G2 G3  

Glutathione peroxidase, nmol.mg-1 3.21±0.31a 5.55±1.23b 6.66±1.12b 8.94±2.33c  

Glutathione reductase, nmol.mg-1 3.22±1.42a 7.31±1.12b 8.11±1.42b 10.53±1.31c  

Total Antioxidant Status, nmol.mg-1 10.13±0.41a 14.11±0.42b 15.53±1.22b 18.41±0.21c  
a,b Response means followed by different notations on the same line show significant differences 

(p<0.05); Average±Standard deviation 

 

The results of Kruskal Wallis' analysis 

showed that there was a significant difference 

(P<0.05) in the antioxidant levels of the duck 

group without glutathione administration and the 

group of ducks with glutathione administration. 

The antioxidant levels of the ducks that were 

given glutathione appeared to be higher than 

those without glutathione. 

These results can explain that the 

biomolecules contained in blood plasma which 

are amphiphatic causes the formation of a very 

beneficial interaction of glutathione which 

carries charged S and O atoms, thereby 

increasing the electrostatic interaction pattern. 

Na et al. (2020); Mushawwir et al. (2021a,e and 

2020b,c,e); Tanuwiria et al. (2020a), informed the 

entanglement of charged electrons on their 

ability to maintain the structure of amino acids, 

glucose and glycogen as well as fatty acids and 

sterols. This biomolecule fact, seems to be able 

to prevent tissue damage as a result of 

metabolism and heat, as well as increase the 

body's fluid capabilities. This condition directly 

supports cell growth to produce antioxidants 

(Mushawwir et al., 2021c,d). 

The histology of the ileum based on the 

results of the study showed that the 

administration of glutathione appeared to have a 

significant effect (P<0.05) on the ileum 

morphometrics of Cihateup ducks in the growth 

phase, except for the diameter of goblet cells. 

Illeum morphometrics based on the Mallory-

Asan staining technique showed an increase in 

ileal dimensions and goblet cell density, along 

with an increase in the level of glutathione 

administration (Table 3). 

 

Table 3. Histology of the Cihateup Duck Illeum Growth Phase Traditionally Maintained by Giving 

Glutathione 

Histologik 
Glutathione Levels 

G0 G1 G2 G3 

Number of Villi* 7±1,21a 10±2,12a 14±1,14b 16±1,15c 

Length of Villi (m) 233±16,15a 271±9,24b 351±11,15c 411±10,22d 

Number of Plaque Peyeri* 4±1,20a 5±1,21a 8±0,21b 11±1,11c 

Height of Plaque Peyeri (m) 21±2,31a 34±2,12b 37±2,31c 41±1,08d 

Number of Goblet cells# 15±1,22a 45±2,43b 55±2,34c 76±3,11d 

Diameter of Goblet Cells (m) 5±2,30a 7±1,53a 7±2,61a 7±2,21a 

* Per field 10x Objects; # Per field 100x Objects;  a,b Response means followed by different notations 

on the same line show significant differences (p<0.05); Average±Standard deviation 

 

The results of Kruskal Wallis analysis 

showed that there were significant differences 

(P<0.05) in the number of villi, villi length, 

number of Peyeri's plaques, Peyeri's plaque 
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height and number of goblet cells, between the 

duks groups. In this study, the higher the level of 

glutathione administration, the greater the 

morphometric dimensions of the ileum. Several 

previous studies that have been informed have 

shown similar symptoms to the kidneys (Ansar et 

al., 2014; Eyng et al., 2015), namely decreasing 

damage to kidney cells and being able to cope 

with oxidation caused by free radicals thereby 

reducing apoptosis (cell death) and tissue 

damage, and increase the response of immunity. 

The same additive effect has also been 

represented by Mushawwir et al. (2021e) and 

Hermawan et al. (2017), increased utilization of 

nutrients and decreased enzyme levels in the 

liver (AST and ALT). This enzyme indicated an 

increase in healthy of duck liver cells. 

The growth of ileal villi (shows in Table 

3), both in number and in length, showed a 

significantly higher difference (P<0.05) with 

increasing levels of glutathione administration. 

The growth of these villi is stimulated due to the 

presence of glutamyl cysteine protein, which 

plays a role in increasing protein anabolism. 

Ammer et al., (2018); Kamil et al. (2020); Carrol 

et al. (2016) and Dinana et al. (2019) have 

indicate that naturally, glutathione contains high 

levels of glutamyl and cysteine. 

Regarding cell growth, Gehrke et al. 

(2013); Loyau et al. (2014) and Kharazi et al. 

(2022), suggested that lipid synthesis and amino 

acid metabolism increase sharply during growth, 

as well as increase the utilization of nutrients 

Gray et al., 2015; Ippolito et al., 2014; 

Mushawwir et al., 2020a,d,e and Istvan et al., 

2020; Rahmania et al., 2022). This situation can 

be supported by the provision of additives such 

as essential oils. The content of essential amino 

acids in glutathione prevents oxidative stress for 

ducks that are extensively reared, so that muscle 

tissue can grow faster. The results of other 

studies show that high tissue growth is the 

impact of increasing antioxidants and conversely 

reducing free radicals, the risk of cell 

inflammation also decreases (Dinana et al., 2019; 

Siregar  et al., 2020; Mushawwir et al., 2021b,c 

and Tanuwiria et al., 2022), decreased free 

radicals from oxidative stress (Tian et al., 2015; 

Roland et al., 2016); also due to decreased 

apoptosis or cell death so that tissue metabolism 

becomes optimal (Xu et al., 2015; Sang-Ho et al., 

2018; Jiwandini et al., 2020). 

The results also showed that the growth 

of Peyeri’s plaques and goblet cells (Table 3) 

seemed to increase with increasing glutathione 

levels. It is known that Peyeri's plaques are 

lymph nodes containing T cells and B 

lymphocytes, as immune compounds. 

Glutathione contains allyl and sulfide groups 

(Allen et al., 2015; Khan et al., 2015; Adriani et 

al., 2015). The increase in activities of 

antioxidant is also increased by the 

administration of glutathione in experiment 

groups (Adriani et al., 2018, 2020; Mushawwir et 

al., 2021a,b). Increased glutathione stimulates the 

differentiation of white blood cells and avoid 

proinflammation molecules. 

The same thing has also been shown by 

Borek (2001), also reported that glutation and 

some natural additives are effective in inhibiting 

gene mutation, and intensify DNA repair. The 

results of other studies, Amagase et al. (2001) 

reported an increase in the bioavailability of 

nutrients in the gut. Decreased cells damage and 

gene mutations support for growing of Peyeri 

plaques. 

CONCLUSION 

Glutathione as an additive is able to 

stimulate anabolic pathways, related to the 

growth of ileal tissue. This effect leads to 

increase growth of villi, Peyeri's plaques and 

ileal goblet cells. Glutathione is also able to 

increase the endogenous antioxidant response. 

ACKNOWLEDGEMENT 

The implementation of this research is a 

non-formal collaboration with CV. Agro 

Edutainment in Subang Regency, West Java. We 

also would like to thank Mr. Cecep for the use of 

his experiment housing and his assistance during 

the research, as well as to Ir. Chandaa Wiranata 

and Mr. Adang Sudrajat who have assisted in this 

research. 

REFERENCES 

Adriani L, Abun and A. Mushawwir. 2015. 

Effect of dietary supplementation of 

Jengkol (Pithecellobium jiringa) skin 

extract on blood biochemistry and gut 

flora of broiler chicken. International 

Journal of Poultry Science 14(3): 407-410. 

DOI: 10.3923/ijps.2015.407.410 

Adriani L. and A. Mushawwir. 2020. Correlation 

between blood parameters, physiological 

and liver gene expression levels in native 

laying hens under heat stress. IOP Conf. 

https://www.scopus.com/record/display.uri?eid=2-s2.0-84940767751&origin=resultslist&sort=plf-f&src=s&st1=adriani&st2=lovita&nlo=1&nlr=20&nls=count-f&sid=654836a5be9eeca194b8ea63a18a7841&sot=anl&sdt=aut&sl=36&s=AU-ID%28%22Adriani%2c+Lovita%22+55554457300%29&relpos=2&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84940767751&origin=resultslist&sort=plf-f&src=s&st1=adriani&st2=lovita&nlo=1&nlr=20&nls=count-f&sid=654836a5be9eeca194b8ea63a18a7841&sot=anl&sdt=aut&sl=36&s=AU-ID%28%22Adriani%2c+Lovita%22+55554457300%29&relpos=2&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84940767751&origin=resultslist&sort=plf-f&src=s&st1=adriani&st2=lovita&nlo=1&nlr=20&nls=count-f&sid=654836a5be9eeca194b8ea63a18a7841&sot=anl&sdt=aut&sl=36&s=AU-ID%28%22Adriani%2c+Lovita%22+55554457300%29&relpos=2&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84940767751&origin=resultslist&sort=plf-f&src=s&st1=adriani&st2=lovita&nlo=1&nlr=20&nls=count-f&sid=654836a5be9eeca194b8ea63a18a7841&sot=anl&sdt=aut&sl=36&s=AU-ID%28%22Adriani%2c+Lovita%22+55554457300%29&relpos=2&citeCnt=0&searchTerm=
https://dx.doi.org/10.3923/ijps.2015.407.410


 

Jurnal Sain Peternakan Indonesia vol. 17 issue 3 July-Setember 2022 |  146 

Series: Earth and Environmental Science 

466 (7): 1-7. DOI:10.1088/1755-

1315/788/1/012091 

Adriani L., A. Mushawwir, C. Kumalasari, L. 

Nurlaeni, R. Lesmana and U. Rosani. 

2021. “Improving Blood Protein and 

Albumin Level Using Dried Probiotic 

Yogurt in Broiler Chicken”, Jordan 

Journal of Biological Sciences, 14(5): 

1021-1024. DOI:10.54319/jjbs/140521 

Adriani, L., A. Mushawwir, B.R. Anastasia and 

B. Rahayu. 2018. Effect of combination 

chitosan and turmeric powder (curcuma 

domestica val.) For improving blood lipid 

profile in broilers. Scientific Papers. Series 

D. Animal Science. LXI (1):225-229. 

DOI: 10.3244/j.ass.2018.99.021  

Allen J.D., L. W. Hall, R.J. Collier and J.F. 

Smith. 2015. Effect of core body 

temperature, time of day, and climate 

conditions on behavioral patterns of 

lactating dairy cows experiencing mild to 

moderate heat stress. Journal Dairy 

Science. 98(3): 118-27.  DOI: 

10.3168/jds.2013-7704  

Ammer S, C. Lambertz, D. von Soosten, K. 

Zimmer, U. Meyer, S. Dänicke and M. 

Gauly. 2018. Impact of diet composition 

and temperature-humidity index on water 

and dry matter intake of high-yielding 

dairy cows.  Journal Animal Physiology 

and Animal Nutrition. 102 (3): 103-113. 

DOI: 10.1111/jpn.12664 

Carrol E.C., L. Jin, A. Mori, M.N. Wolf, E. 

Oleszycka, H.B.T. Moran, S.  Mansouri, 

C.P. McEntee, E. Lambe, E.M. Agger, P. 

Andersen, C. Cunningham, P.  Hertzog, 

K.A. Fitzgerald, A.G. Bowie and E.C. 

Lavelle. 2016. The Vaccine Adjuvant 

Chitosan Promotes Celluler Immunity Via 

DNA Sensor Cgas-STING-Dependent 

Induction of Type I Interferons. Immunity. 

44(1): 1-12. DOI: 

10.1016/j.immuni.2016.02.004  

Dinana, A., D. Latipudin, D. Darwis dan A. 

Mushawwir. 2019. Profil enzim 

transaminase ayam ras petelur yang diberi 

kitosan iradiasi. Jurnal Nutrisi Ternak 

Tropis dan Ilmu Pakan. 1 (1):6-15. DOI: 

http://dx.doi.org/10.24198/jnttip. 

v1i1.25425  

Fabris T.F., J. Laporta and F.N. Corra. 2017. 

Effect of nutritional immunomodulation 

and heat stress during the dry period on 

subsequent performance of cows. Journal 

Dairy Science 100: 6733-6742. DOI: 

https://DOI.org/10.3168/jds.2016-12313  

Gehrke N., C. Mertens, T. Zillinger, J. Wenzel, 

T. Bald, S. Zahn, T. Tuting, G.W.   

Hartmann and W. Barchet. 2013. 

Oxidative Damage of DNA Confers 

Resistance to Cytosolic Nuclease TREX1 

Degradation and Pontentiates STING-

Dependent Immune Sensing. Immunity 

39:482-495. DOI: 

0.1016/j.immuni.2013.08.004   

Gray L.R., M.R. Sultana and A. J. Rauckhorst. 

2015. Hepatic mitochondrial pyruvate 

carrier 1 is required for efficient regulation 

of gluconeogenesis and whole-body 

glucose homeostatis. Cell Metabolism. 22: 

669-681. DOI: https://DOI.org/10.1016/ 

j.cmet.2015.07.027   

Hernawan E, L. Adriani and A. Mushawwir, C. 

Cahyani and D. Darwis. 2017. Effect of 

dietary supplementation of chitosan on 

blood biochemical profile of laying hens. 

Pakistan Journal Nutrition 16: 696-699. 

DOI: 

https://dx.DOI.org/10.3923/pjn.2017.696.6

99  

Ippolito D. L., J. A. Lewis, C. Yu, L.R. Leon and 

J.D. Stallings. 2014. Alteration in 

circulating metabolites during and after 

heat stress in the conscious rat: potential 

biomarkers of exposure and organ specific 

injury. BMC Physiology 14: 23-29.DOI: 

https://dx.DOI.org/ 10.1186%2Fs12899-

014-0014-0  

István F., L. Zsolt and O. László. 2020. 

Relationship of dairy heifer reproduction 

with survival to first calving, milk yield 

and culling risk in the first lactation. 

Asian-Australasian Journal of Animal 

Sciences. 33: 1360-1368. DOI: 

10.5713/ajas.19.0474  

Jiwandini A., H. Burhanudin dan A. Mushawwir. 

2020. Kadar enzim transaminase (sgpt, 

sgot) dan gamma glutamyl transpeptidase 

(γ-gt) pada ayam petelur fase layer yang 

diberi ekstrak pegagan (Centella asiatica). 

Jurnal Nutrisi Ternak Tropis dan Ilmu 

Pakan. 2(2):112-119. DOI: 

https://doi.org/10.24198/jnttip.v2i2.27389 

Kamil K.A., D. Latipudin, A. Mushawwir, D. 

Rahmat and R. L. Balia. 2020. The Effects 

of ginger volatile oil (GVO) on the 

metabolic profile of glycolytic pathway, 

free radical and antioxidant activities of 

heat-stressed cihateup duck. International  

https://doi.org/10.54319/jjbs/140521
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://doi.org/10.3168/jds.2013-7704
http://dx.doi.org/10.1111/jpn.12664
http://jurnal.unpad.ac.id/jnttip/article/view/25425
http://jurnal.unpad.ac.id/jnttip/article/view/25425
http://jurnal.unpad.ac.id/jnttip/article/view/25425
http://dx.doi.org/10.24198/jnttip.%20v1i1.25425
http://dx.doi.org/10.24198/jnttip.%20v1i1.25425
https://doi.org/10.3168/jds.2016-12313
https://doi.org/10.1016/%20j.cmet.2015.07.027
https://doi.org/10.1016/%20j.cmet.2015.07.027
https://dx.doi.org/10.3923/pjn.2017.696.699
https://dx.doi.org/10.3923/pjn.2017.696.699
https://dx.doi.org/
http://dx.doi.org/10.5713/ajas.19.0474
https://doi.org/10.24198/jnttip.v2i2.27389


 

147  |  Impac of glutathione administration on antioxidant levels …(Mushawwir et al, 2022) 

Journal on Advanced Science, Engineering 

and Information Technology 10:1228-

1233. DOI: 10.1817/ijaseit.10.3.11117 

Khan S., K. Anwar, K. Kaleem, A. Saeed, H. 

Nabi, A. Hayat, Z. Ahmad, F. Hayan and 

Safirullah. 2015. Study of phenotypic and 

morphometric characteristics of Achai 

cattle at Livestock Research and 

Development Station Dir (Lower), 

Pakistan.  Pakistan Journal Nutrition 14: 

201-203. DOI: 10.4737/pjn.2015.452.774 

Kharazi A.Y., D. Latipudin, N. Suwarno, T. 

Puspitasari, N. Nuryanthi and A. 

Mushawwir. 2022. Lipogenesis in Sentul 

chickens of starter phase inhibited by 

irradiated chitosan. IAP Conference 

Proceedings 1001: 1-7. doi:10.1088/1755-

1315/1001/1/012021 

Loyau T, S. Metayer-Coustard, C. Berri, S.  

Crochet, S. Cailleau-Audouin, M. Sannier, 

P. Chartrin, C. Praud, C. Hennequet-

Antier, N. Rideau, N. Courousse, N. 

Mignon-Grasteau, N. Everaert, M. J. 

Duclos, S. Yahav, S. Tesseraud and A. 

Collin. 2014. Thermal manipulation during 

embryogenesis has longterm effects on 

muscle and liver metabolism in fast-

growing chickens. PLoS One 9: e105339. 

http://dx.DOI.org/ 

plosone/10.1016/P.2014.08.444 

Mushawwir A, J. Arifin, D. Darwis, T. 

Puspitasari, D.S. Pengerteni, N. Nuryanthi 

and R.  Permana.  2020e. Liver metabolic 

activities of Pasundan cattle induced by 

irradiated chitosan. Biodiversitas. 21: 

5571-5578. https://DOI.org/10.13057/ 

biodiv/d211202 

Mushawwir A, R. Permana, D. Darwin, T. 

Puspitasari, D. S. Pangerteni, N. Nuryanthi 

and N. Suwarno. 2021c.  Enhancement of 

the liver histologic of broiler induced by 

irradiated chitosan (IC). IAP Conference 

Proceedings 2381: 0200461-0200467. 

DOI: https://DOI.org/10.1063/5.0066271 

Mushawwir A., K.Y. Yong, L.  Adriani, E. 

Hernawan and K.A. Kamil. 2010. The 

Fluctuation Effect of Atmospheric 

Ammonia (NH3) Exposure and 

Microclimate on Hereford Bulls 

Hematochemical.  Journal of The 

Indonesian Tropical Animal Agriculture 

35: 232-238. DOI: 

https://DOI.org/10.14710/jitaa.35.4.232-

238 

Mushawwir A., L. Adriani and K.A. Kamil. 

2011. Prediction models for olfactory 

metabolic and sows % RNAreticulocyt 

(RNArt) by measurement of atmospheric 

ammonia exposure and microclimate level. 

Journal of The Indonesian Tropical 

Animal Agriculture.  36: 14-20. DOI: 

https://DOI.org/10.14710/jitaa.36.1.14-20  

Mushawwir A., U.H. Tanuwiria, K.A. Kamil, L. 

Adriani, R. Wiradimadja and N. Suwarno. 

2018. Evaluation of haematological 

responses and blood biochemical 

parameters of heat-stressed broilers 

with dietary supplementation of 

javanese ginger powder (Curcuma 

xanthorrhiza) and garlic extract 

(Allium sativum). International Journal 

of Poultry Science.17: 452-458. DOI: 

10.3923/ijps.2018.452.458  

Mushawwir, A., N.  Suwarno dan R. Permana. 

2020a. Profil Total Lemak dan Protein Hati 

Puyuh Fase Grower dan Layer. Jurnal 

Ilmu dan Industri Peternakan. 6(2):65-76. 

DOI: 

http://dx.doi.org/10.24252/jiip.v6i2.18312  

Mushawwir, A., A.A. Yulianti dan N. 

Suwarno. 2020b. Histologi Liver Burung 

Puyuh dengan Pemberian Minyak Atsiri 

Bawang Putih. Jurnal Ilmu dan Teknologi 

Peternakan. 8(1):1-7. DOI: 

http://dx.doi.org/10.24252/jitp.v8i1.32758 

Mushawwir, A., N. Suwarno dan D. Latipudin. 

2020c. Profil metabolik jalur glikogenolisis 

puyuh dalam kondisi stres panas dengan 

pemberian diallyl n-sulfida (Dn-S) 

organic. Jurnal Galung Tropika. 9:48-59.  

DOI: 

http://dx.doi.org/10.31850/jgt.v9i1.519 

Mushawwir, A., N. Suwarno dan R. Permana. 

2020d. Profil non-esterified fatty acids 

(NEFA) dan trigliserida ayam sentul pada 

sistem pemeliharaan berbeda. Jurnal Ilmu 

dan Industri Peternakan. 6:14-24. DOI: 

10.24252/jiip.v6i1.14445 

Mushawwir A., R. Permana, D. Latipudin and N. 

Suwarno. 2021a. Organic Diallyl-n-Sulfide 

(Dn-S) inhibited the glycogenolysis 

pathway and heart failure of heat-stressed 

laying hens. IOP Conf. Series: Earth and 

Environmental Science. 788: 1-7. 

DOI:10.1088/1755-1315/788/1/012091  

 

 

https://dx.doi.org/10.3923/ijps.2018.452.458
http://dx.doi.org/
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://doi.org/10.13057/%20biodiv/d211202
https://doi.org/10.13057/%20biodiv/d211202
https://doi.org/10.1063/5.0066271
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://doi.org/10.14710/jitaa.35.4.232-238
https://doi.org/10.14710/jitaa.35.4.232-238
https://ejournal.undip.ac.id/index.php/jitaa/article/view/7516
https://ejournal.undip.ac.id/index.php/jitaa/article/view/7516
https://ejournal.undip.ac.id/index.php/jitaa/article/view/7516
https://ejournal.undip.ac.id/index.php/jitaa/article/view/7516
https://doi.org/10.14710/jitaa.36.1.14-20
https://dx.doi.org/10.3923/ijps.2018.452.458
http://dx.doi.org/10.24252/jiip.v6i1.14445


 

Jurnal Sain Peternakan Indonesia vol. 17 issue 3 July-Setember 2022 |  148 

Mushawwir, A., N.  Suwarno dan R. Permana. 

2021b. Dialil n-Sulfida Organik 

Menurunkan Kadar Lipid Plasma Darah 

dan Hati Itik Cihateup Fase Grower. Jurnal 

Ilmu dan Teknologi Peternakan Tropis. 

8(1):19-25.  DOI: 

10.33772/jitro.v8i1.15128 

Mushawwir, A., R. Permana, D. Darwin, T. 

Puspitasari, D.S. Pangerteni, N. Nuryanthi 

and N. Suwarno. 2021c.  Enhancement of 

the liver histologic of broiler induced by 

irradiated chitosan (IC). IAP Conference 

Proceedings 2381: 0200461-0200467. 

DOI: 10.1063/5.0066271 

Mushawwir, A., D. Latipudin, R. Permana and 

N. Suwarno. 2021d. diallyl-n-sulfide of 

garlic inhibits glycogenolysis in heat-

stressed laying Sentul Chicken. Jurnal Sain 

Peternakan Indonesia 16 (4), 301-307. 

DOI: 10.31186/jspi.id.16.4.301-307 

Na Y.K., H.M. Sang, J.K. Seong, K.K. Eun, O. 

Mirae, T. Yujiao and Y. J. Se. 2020. 

Summer season temperature-humidity 

index threshold for infrared thermography 

in Hanwoo (Bos taurus coreanae) heifers. 

Asian-Australasian Journal of Animal 

Sciences. 33: 1691-1698. 

DOI: 10.3791/52703  

Nurmalia, V.R., D. Rusmana dan A. Mushawwir. 

2020. Kadar Glukosa Dan Trigliserida 

Ayam Ras Petelur Fase Layer Yang Diberi 

Ransum Mengandung Ekstrak Pegagan 

(Centella asiatica).  Jurnl Ilmu Nutrisi 

Ternak Tropis dan Ilmu Pakan. 2(4):217-

224. DOI: 10.24198/jnttip. v2i4.27396.  

Rahmania H., R. Permana, D. Latipudin, N. 

Suwarno, T. Puspitasari, N. Nuryanthi and 

A. Mushawwir. 2022. Enhancement of the 

liver status of Sentul chickens from the 

starter phase induced by irradiated 

chitosan. IAP Conference Proceedings 

1001: 1-7. doi:10.1088/1755-

1315/1001/1/012007 

Roland L, M. Drillich, D. Klein-Jobstl and M. 

Iwernes.  2016. Invited review: Influence 

of climatic conditions on the development, 

performance, and health of claves. Journal 

of Dairy Science. 99: 2438-2452. DOI: 

10.3168/jds.2015-9901  

Sang-Ho M, K. Eun-Kyung, S.J.  Se, T. Yujiao, 

S. Hye-Jin, S. Y. Yeong, C. Sanguk and O. 

Mirae. 2018. Fatty acid compositions, free 

radical scavenging activities, and 

antioxidative enzyme activities of high-

preference and low-preference beef cuts of 

Hanwoo (Bos taurus coreanae) cows. 31: 

1974-1979. DOI: 

11.1017/S17517311150008963  

Siregar R.H., D. Latipudin dan A. Mushawwir. 

2020. Profil lipid darah ayam ras petelur 

yang di beri kitosan iradiasi. Jurnal Nutrisi 

Ternak Tropis dan Ilmu Pakan. 2(1):1-8. 

DOI : 10.24198/jnttip.v2i1.25707 

Suwarno, N. dan A. Mushawwir. 2019. Model 

Prediksi Metabolit Melalui Jalur 

Glikogenolisis Berdasarkan Fluktuasi 

Mikroklimat Lingkungan Kandang Sapi 

Perah. Jurnal Ilmu dan Industri 

Peternakan. 5 (2):77-86. DOI: 

http://dx.doi.org/10.24252/jiip.v5i2.11884 

Tanuwiria U.H. and A. Mushawwir. 2020a. 

Hematological and antioxidants responses 

of dairy cow fed with a combination of 

feed and duckweed (Lemna minor) as a 

mixture for improving milk biosynthesis. 

Biodiversitas. 21:4741-4746. DOI 

https://DOI.org/10.13057/biodiv/ d211038  

Tanuwiria U.H., I. Susilawati, D. S. Tasrifin, L. 

B. Salman and A. Mushawwir.  2022. 

Behavioral, physiological, and blood 

biochemistry of Friesian Holstein dairy 

cattle at different altitudes in West Java, 

Indonesia. Biodiversitas. 23(1): 533-539. 

DOI: 10.13057/biodiv/d230157  

Tanuwiria U.H., D. Tasrifin dan A. Mushawwir. 

2020b. Respon gamma glutamil 

transpeptidase (-gt) dan kadar glukosa 

sapi perah pada ketinggian tempat 

(altitude) yang berbeda. Jurnal Ilmu dan 

Industri Peternakan. 6:25-34. DOI: 

10.24252/jiip. v6i1.14446  

Tian H, W. Wang, and N. Zheng.  2015. 

Identification of diagnostic biomarkers and 

metabolic pathway shifts of heat-stressed 

lactating dairy cows. Journal of 

proteomics. 125(12): 17-28. DOI: 

10.1016/j.jprot.2015.04.014  

Xu B., M. Chen and X. Ji. 2015. Metabolomic 

profiles reveal key metabolic changes in 

heat stress-treated mouse Sertoli cells. 

Toxicology In Vitro. 29(3): 1745-1752.  

DOI: 10.1016/j.tiv.2015.07.009  

 

 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=CL_WNxAAAAAJ&cstart=20&pagesize=80&alert_preview_top_rm=2&authuser=4&citation_for_view=CL_WNxAAAAAJ:rmuvC79q63oC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=CL_WNxAAAAAJ&cstart=20&pagesize=80&alert_preview_top_rm=2&authuser=4&citation_for_view=CL_WNxAAAAAJ:rmuvC79q63oC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=CL_WNxAAAAAJ&cstart=20&pagesize=80&alert_preview_top_rm=2&authuser=4&citation_for_view=CL_WNxAAAAAJ:rmuvC79q63oC
https://dx.doi.org/10.3791%2F52703
https://doi.org/10.3168/jds.2015-9901
https://doi.org/10.1017/s1751731115000877
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
http://dx.doi.org/10.24252/jiip.v5i2.11884
https://doi.org/10.13057/biodiv/%20d211038
https://doi.org/10.24252/jiip.v6i1.14446
https://doi.org/10.1016/j.jprot.2015.04.014
https://doi.org/10.1016/j.tiv.2015.07.009

