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O. Rios, and S.H. Flôres. 2017. Nanoencapsulation of chia seed oil with chia 

mucilage (Salvia hispanica L.) as wall material: Characterization and stability 

evaluation. Food Chem. 234: 1 - 9. 

de Felipe, F. L., B. de las Rivas, and R. Muñoz. 2022. Molecular responses of 
lactobacilli to plant phenolic compounds: A comparative review of the 
mechanisms involved. Antioxidants 11(1): 18.  

Dembińska, K., Shinde, A. H., Pejchalová, M., Richert, A., Swiontek Brzezinska, 
M. 2025. The application of natural phenolic substances as antimicrobial 
agents in agriculture and food industry. Foods 14(11): 1893. 

Dempsey, E., and S. C. Corr. 2022. Lactobacillus spp. for gastrointestinal health: 
current and future perspectives. Front. Immunol. 13: 840245. 

Deo, R., U. Lakra, M. Ojha, V. K. Nigam, and S. R. Sharma. 2025. 
Exopolysaccharides in microbial interactions: signalling, quorum sensing, and 
community dynamics. Nat. Prod. Res. 39(11): 3224–3239. 

di Santo, M. C., C. L. D’ Antoni, A. P. Domínguez Rubio, A. Alaimo, and O. E. 
Pérez. 2021. Chitosan-tripolyphosphate nanoparticles designed to 
encapsulate polyphenolic compounds for biomedical and pharmaceutical 
applications − A review. Biomed. Pharmacother. 142: 111970. 

Dias K. J. S. O., G. M. Miranda, J. R. Bessa, A. C. J. Araújo, P. R. Freitas, R. S 
Almeida, C. L. R. Paulo, J. B. A Neto, H. D. M. Coutinho, J. Ribeiro-Filho. 
2022. Terpenes as bacterial efflux pump inhibitors: A systematic review. Front 
Pharmacol. 13: 953982.  

Dibner, J. J., and J. D. Richards. 2005. Antibiotic growth promoters in agriculture: 
History and mode of action. Poult. Sci. 86: 634 - 643. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



231 
 

Dillasamola, D., H. Aldi, F. S. Wahyuni, R. S. Rita, S. D. Umar, and H. Rivai. 2021. 
Study of Sungkai (Peronema canescens Jack) leaf extract activityas an 
immunostimulators with in vivo and in vitro methods. Pharmacogn. 13: 1397 - 
1407. 

Dima, C., E. Assadpour, S. Dima, and S. M. Jafari. 2020. Bioactive-loaded 
nanocarriers for functional foods: from designing to bioavailability. Curr. Opin. 
Food Sci. 33: 21 - 29. 

Ding, X., I. Giannenas, I. Skoufos, J. Wang, and H. Zhu. 2023. The effects of plant 
extracts on lipid metabolism of chickens—A review. Anim. Bio. 36(5): 679. 

Dityana, A. M., V. D. Yunianto, L. Krismiyanto, and S. Sugiharto. 2024. Effect of 
encapsulated Medinilla javanensis fruit extract on growth, protein digestibility 
and health of broilers. Vet. Integr. Sci. 22: 475 - 487.  

Domínguez, R., M. Pateiro, M. Gagaoua, F. J. Barba, H. Zhang, and J. M. Lorenzo. 
2019. A comprehensive review on lipid oxidation in meat and meat products. 
Antioxid. 8(10): 429.  

Duangnumsawang, H., J. Zentek, H. Vahjen, J. Tarradas, and F. G. Boroojeni. 
2023. Impact of feed additives and host-related factors on bacterial 
metabolites, mucosal integrity and immune response in the ileum of broilers. 
Vet. Res. Commun. 47: 1861 - 1878. 

Ducatelle, R., Goossens, E., Eeckhaut, V., Van I. F. 2023. Poultry gut health and 
beyond. Anim. Nutr. 13: 240 - 248. 

Ecevit, K., A. A. Barros, J. M. Silva, and R. L. Reis. 2022. Preventing microbial 
infections with natural phenolic compounds. Future Pharmacol. 2(4): 460–
498. 

Efrilia, E., T. Sunarni, and I. Kuncahyo. 2025. Optimization of chitosan and sodium 
tripolyphosphate as a carrier system for nanoparticles of ethanol extract of 
Aloe vera L. as an antioxidant. J. Health Manag. Pharm. Explor. 3(1). 

El-Deep, M. H., K. A. Amber, H. Z. Eid, S. M. Aboelenin, M. M. Soliman, M. S. 
Sakr, and M. A. O. Dawood. 2021. The influence of chicken egg lysozyme or 
zinc-bacitracin antibiotic on the growth performance, antibacterial capacity, 
blood profiles, and antioxidative status of rabbits: A comparative study. Anim. 
11(6): 1731. 

El-Gogary, M. R., A. H. El-Khateeb, and A. M. Megahed. 2019. Effect of 
physiological and chemical nano garlic supplementation on broiler chickens. 
Plant Arch. 19(1): 695 - 705. 

Elbaz, A. M., E. S. Ashmawy, M. A. A. Farahat, A. Abdel‑Maksoud, S. A. Amin, 
and Z. S. Mohamed. 2025. Dietary Nigella sativa nanoparticles enhance 
broiler growth performance, antioxidant capacity, immunity, gene expression 
modulation, and cecal microbiota during high ambient temperatures. Sci. Rep. 
15(1): 861.  

Elfita, R. Oktiansyah, Mardiyanto, H. Widjajanti, and A. Setiawan. 2022. 
Antibacterial and antioxidant activity of endophytic fungi isolated from 
Peronema canescens leaves. Biodivers. 23: 4783 - 4792.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



232 
 

Elolimy, A. A., M. M. Hashim, S. A. Elsafty, A. R. Y. Abdelhady, S. Ladirat, M. 
Shourrap, and M. Madkour. 2025. Effects of microencapsulated essential oils 
and seaweed meal on growth performance, digestive enzymes, intestinal 
morphology, liver functions, and plasma biomarkers in broiler chickens. J. 
Anim. Sci. 103: skaf092. 

Elshafie, H. S., Camele, I., Mohamed, A. A. 2023. A comprehensive review on 
biological, agricultural and pharmaceutical properties of secondary 
metabolites based-plant origin. Int. J. Mol. Sci. 24(4): 3266. 

Elumalai, K., K. Krishnappa, J. Pandiyan, N. S. Alharbi, S. Kadaikunnan, J. M. 
Khaled, and M. Govindarajan. 2022. Characterization of secondary 
metabolites from Lamiaceae plant leaf essential oil: A novel perspective to 
combat medical and agricultural pests. Physiol. Mol. Plant Pathol. 117: 
101752. 

Emilia, I., A. A. Setiawan, D. Novianti, D. Mutiara, dan R. Rangga. 2023. Skrining 
fitokimia ekstrak daun sungkai (Peronema canescens Jack.) secara infundasi 
dan maserasi. Indobiosains. 5(2): 1 - 6. 

England, A., K. Gharib-Naseri, S. K. Kheravii, and S. B. Wu. 2023. Influence of sex 
and rearing method on performance and flock uniformity in broilers—
implications for research settings. Anim. Nutr. 12: 276 - 283. 

Enoka, V. I. L., G.M. Kikuvi, and P. H. Ndung’u. 2020. Antibacterial activity, acute 
toxicity and the effect of garlic and onion extract chitosan nanoparticles on the 
growth indices in rainbow rooster chicken. AIMS Agric. Food. 5: 449 - 465. 

Enwa, F. O., O. Bernard, and A. Egberi. 2013. A review on the phytochemical 
profile and the antibacterial susceptibility pattern of some clinical isolates to 
the ethanolic leaves extract of Moringa oleifera LAM (Moringaceae). Int. J. 
Adv.Res. 5: 226 - 238. 

Erdogan, O., M. Abbak, G. M. Demirbolat, F. Birtekocak, M. Aksel, S. Pasa, and 
O. Cevik. 2019. Green synthesis of silver nanoparticles via Cynara scolymus 
leaf extracts: The characterization, anticancer potential with photodynamic 
therapy in MCF7 cells. PLoS One. 14(6): e0216496.  

Erfanian, A., H. Mirhosseini, M. H. A. Manap, B. Rasti, and M. H. Bejo. 2014. 
Influence of nano-size reduction on absorption and bioavailability of calcium 
from fortified milk powder in rats. Int. Food Res. J. 66: 1 - 11. 

Ergüden, B. 2021. Phenol group of terpenoids is crucial for antibacterial activity 
upon ion leakage. Lett. Appl. Microbiol. 73(4): 438 - 445. 

Esmaeili, A., and A. Asgari. 2015. In vitro release and biological activities of Carum 
copticum essential oil (CEO) loaded chitosan nanoparticles. Int. J. Biol. 
Macromol. 81: 283 - 90.  

FAO. 2000. Quantification of tannins in tree foliage. FAO Working Document. 
Vienna.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



233 
 

FAO. 2025. OECD-FAO Agricultural Outlook 2025–2034. OECD Publishing, 
Paris/FAO, Rome. 

Fareez, K., K. Halim, K. J. Jalani, H. Fadzillah, M. Ibtisam, A. Wahab, and I. A. 
Wahab. 2020. Phytochemical screening of Peronema canescens Jack. Int. J. 
Cosmet. Sci. 1: 7 - 15. 

Farha, A. K., Q. Q. Yang, G. Kim, D. Zhang, V. Mavumengwana, O. Habimana, L. 
Hua-Bin, H. Corke, R. H. Gan. 2020. Inhibition of multidrug-resistant 
foodborne Staphylococcus aureus biofilms by a natural terpenoid (+)- 
nootkatone and related molecular mechanism. Food control. 112: 107154. 

Farha, A. K., Q. Q. Yang, G. Kim, H. B. Li, F. Zhu, H. Liu, R. Ganand, and H. Corke. 

2020a. Tannins as an alternative to antibiotics. Food Biosci. 38: 100751. 

Farida, T. E., N. D. Hanafi, and M. Tafsin. 2022. Comparative study of broiler 
chicken performance in closed house and conventional system in North 
Sumatera. In IOP Conference Series: Earth and Environmental Science (Vol. 
977, No. 1, p. 012138). IOP Publishing. 

Fathi, M., K. Zarrinkavyani, Z. Biranvand, and A. H. Mohammad. 2025. Effects of 
cinnamon nanoparticles produced with ultrasonic waves on growth 
performance, antioxidant status, and hemato-biochemical metabolites of 
broiler chickens. Poult. Sci. 104(10): 105615. 

Febrianto, N., P. Akhiroh, M. Helmi, and B. Hartono. 2023. Effects of partnership 
patterns on broiler chickens’ performance in the agribusiness system of 
Indonesia. J. World. Poult. Res. 13: 332 - 341. 

Felipe, F. L., B. L. Rivas, B. L., and R. Muñoz. 2021. Molecular responses of 

lactobacilli to plant phenolic compounds: a comparative review of the 

mechanisms involved. Antioxidants. 11(1): 18. 

Fendri, S. T. J., F. Rahim, R. Khairani, and S. Ferilda. 2023. Formulation of sungkai 
leaf ethanol extract powder (Peronema canescens Jack.) and its antioxidant 
test. Jurnal Katalisator. 8(2): 362-373. 

Ferdiansyah, F., H. Heriyanto, C. H. Wijaya, dan L. Limantara L. 2017. Pengaruh 
metode nanoenkapsulasi terhadap stabilitas pigmen karotenoid dan umur 
simpan minyak dari buah merah (Pandanus conoideus L). Agritech. 37(4): 369 
- 376.  

Fransisca, D., D. N. Kahanjak, and A. Frethernety. 2020. Uji aktivitas antibakteri 
ekstrak etanol daun sungkai (Peronema canescens Jack) terhadap 
pertumbuhan Escherichia coli dengan metode difusi cakram Kirby-Bauer. 
Jurnal Pengelolaan Lingkungan Berkelanjutan 4: 460 - 470. 

Frawley, E. R. and F. C. Fang. 2014. The ins and outs of bacterial iron 

metabolism. Mol. Microbiol. 93(4): 609 - 616. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



234 
 

Fu, R., G. Zhao, R. Liu, M. Zheng, J. Chen, and J. Wen. 2013. Research on body 
fat distribution and deposition pattern of Beijing-You chickens. Chinese J. 
Anim. Nutr. 25(7): 1465-1472. 

Gab-Allah, M. A., Y. G. Lijalem, H. Yu, D. K. Lim, S. Ahn, K. Choi and B. Kim. 2023. 

Accurate determination of four tetracycline residues in chicken meat by 

isotope dilution-liquid chromatography/tandem mass spectrometry. J. 

Chromatogr. A.1691: 463818. 

Gago, C. M. L., M. Artiga-Artigas, M. D. C. Antunes, M. L. Faleiro, M. G. Miguel, 

and O. Martín-Belloso. 2019. Effectiveness of nanoemulsions of clove and 

lemongrass essential oils and their major components against Escherichia coli 

and Botrytis cinerea. J. Food Technol. 56: 2721 - 2736. 

Gao, H. H., X. L. Zhang, L. H. Xu, H. Peng, C. K. Wang, and H. Z. Bi. 2019. 
Encapsulated blends of essential oils and organic acids improved 
performance, intestinal morphology, cecal microflora, and jejunal enzyme 
activity of broilers. Czech J. Anim. Sci. 64: 189 - 198.  

Gao, H., H. H. Yeh, B. Bowker, and H. Zhuang. 2021. Effects of different 
antioxidants on quality of meat patties treated with in-package cold plasma. 
Innov. Food Sci. Emerg. Technol. 70: 102690. 

Gao, L., C. Liu, J. Wu, H. Cui, M. Zhang, C. Bi, A. Shan, and X. Dou. 2025. EGCG 
improve meat quality, restore lipid metabolism disorder and regulate intestinal 
flora in high-fat fed broilers. Poult. Sci. 104(3): 104875. 

Garavand, F., M. Jalai-Jivan, E. Assadpour, and S. M. Jafari. 2021. Encapsulation 
of phenolic compounds within nano/microemulsion systems: A review. Food 
Chem. 364: 130376. 

Gaskins, H. R., C. T. Collier, and D. B. Anderson. 2002. Antibiotics as growth 
promotants: Mode of action. Anim. Biotechnol. 13: 29 - 42. 

Ge, J., P. J. Yue, J. Chi, J. Liang, dan X. Gao. 2018. Formation and stability of 
anthocyanins-loaded nanocomplexes prepared with chitosan hydrochloride 
and carboxymethyl chitosan. Food Hydrocoll. 74: 23 - 31.  

Ghasemi, H. A., M. Shivazad, S. S. R. Mirzapour, and M. A. T. Karimi. 2016. Effect 
of synbiotic supplementation and dietary fat sources on broiler performance, 
serum lipids, muscle fatty acid profile and meat quality. Br. Poult. Sci. 57(1): 
71 - 83. 

Ghorani, B., and N. Tucker. 2015. Fundamentals of electrospinning as a novel 
delivery vehicle for bioactive compounds in food nanotechnology. Food 
Hydrocoll. 51: 227 - 240.  

Ghorbani, S., and A. Maryam. 2021. Encapsulation of lactic acid bacteria and 
Bifidobacteria using starch‑sodium alginate nanofibers to enhance viability in 
food model. J. Food Process. Preserv. 45(12): e16048. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



235 
 

Giampietro-Ganeco, A., M. M. Boiago, J. L. M. Mello, R. A. de Souza, F. B. Ferrari, 
P. A. de Souza, and H. Borba. 2020. Lipid assessment, cholesterol and fatty 
acid profile of meat from broilers raised in four different rearing systems. An. 
Acad. Bras. Cienc. 92: 1 - 14.  

Gilani, S. M. H., Z. Rashid, S. Galani, S. Ilyas, S. Sahar, K. Al-Ghanim, Z. Sitwat, 
A. Azhar, F. Al-Misned, Z. Ahmed, N. Al-Mulham, and S. Mahboob. 2021. 
Growth performance, intestinal histomorphology, gut microflora and ghrelin 
gene expression analysis of broiler by supplementing natural growth 
promoters: A nutrigenomics approach. Saudi J. Biol. Sci. 28(6): 3438 - 3447. 

Glass, K., B. Barnes, A. Scott, J. A. Toribio, B. Moloney, M. Singh, and M. 
Hernandez-Jover. 2019. Modelling the impact of biosecurity practices on the 
risk of high pathogenic avian influenza outbreaks in Australian commercial 
chicken farms. Prev. Vet. Med. 165: 8 - 14. 

Godoy, G. L., B. N. Rodrigues, J. C. Agilar, V. Biselo, D. D. Brutti, G. S. 
Maysonnave, and C. Stefanello. 2024. Effects of Acacia mearnsii tannins on 
growth performance, footpad dermatitis, nutrient digestibility, intestinal 
permeability, and meat quality of broiler chickens. Anim. Feed Sci. Technol. 
308: 115875. 

Godstime, O. C., E. O. Felix, J. O. Augustina, and E. O. Christopher. 2014. 
Mechanisms of antimicrobial actions of phytochemicals against enteric 
pathogens-a review. J. Pharm. Chem. Biol. Sci. 2(2): 77 - 85. 

Gómez-Gaete, C., J. Avendaño-Godoy, D. Escobar-Avello, V.H. Campos-
Requena, C. Rogel-Castillo, L. M. Estevinho, M. Martorell, J. Sharifi-Rad, and 
D. Calina. 2024. Revolutionizing fruit juice: exploring encapsulation 
techniques for bioactive compounds and their impact on nutrition, flavour and 
shelf life. Food Prod. Process. Nutr. 6(1): 8. 

Gonciarz, W., E. Balcerczak, M. Brzeziński, A. Jeleń, A. J. Pietrzyk-Brzezińska, V. 
H. B. Narayanan, and M. Chmiela. 2025. Chitosan-based formulations for 
therapeutic applications: a recent overview. J. Biomed. Sci. 32(1): 62. 

González-Reza, R. M., H. Hernández-Sánchez, D. Quintanar-Guerrero, L. 
Alamilla-Beltrán, Y. Cruz-Narváez Y, M.L. Zambrano-Zaragoza. 2021. 
Synthesis, controlled release, and stability on storage of chitosan-thyme 
essential oil nanocapsules for food applications. Gels. 7(212): 1 - 15. 

Górniak, I., R. Bartoszewski, and J. Króliczewski. 2019. Comprehensive review of 
antimicrobial activities of plant flavonoids. Phytochem. Rev. 18(1): 241–272. 

Govindarajan, K., K. Ramasamy, D. Ezhumalai, R. R. Kavitha, and V. 
Parasuraman. 2023. Biological screening of divalent transition metal 
decanoates owning powerful antimicrobial and cytotoxic properties. J. Drug 
Deliv. Sci. Tec. 84: 104428. 

Grabowicz, M., and T. J. Silhavy. 2017. Envelope stress responses: an 

interconnected safety net. Trends Biochem. Sci. 42(3): 232 - 242. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



236 
 

Grenha, A., B. Seijo, and C. Remuñán-López. 2005. Microencapsulated chitosan 
nanoparticles for lung protein delivery. Eur. J. Pharm. Sci. 25: 427 - 437.  

Grgić, J., G. Šelo, M. Planinić, M. Tišma, and A. Bucić-Kojić. 2020. Role of the 
encapsulation in bioavailability of phenolic compounds. Antioxidants. 9(10): 
923. 

Grossman, T. H. 2016. Tetracycline antibiotics and resistance. Cold Spring Harb. 

Perspect Med. 6(4): a025387. 

Guerra-Rosas, M. I., J. Morales-Castro, M. A. Cubero-Márquez, L. Salvia-Trujillo, 

and O. Martín-Belloso. 2017. Antimicrobial activity of nanoemulsions 

containing essential oils and high methoxyl pectin during long-term 

storage. Food Control. 77: 131 - 138. 

Gumustas, M., C.T. Sengel-Turk, A. Gumustas, S. A. Ozkan, and B. Uslu. 2017. 
Effect of polymer-based nanoparticles on the assay of antimicrobial drug 
delivery systems. In: multifunctional systems for combined delivery, 
biosensing and diagnostics. Elsevier. pp 67-108.  

Gupta, E. 2020. β-Sitosterol: Predominant phytosterol of therapeutic potential. 
In: Innovations in Food Technology: Current Perspectives and Future Goals, 
465–477. 

Gutiérrez-Ruíz S. C., H. Cortes, M. González-Torres, Z. M. Almarhoon, E. S. 
Gürer, J. Sharifi-Rad, G. Leyva-Gómez. 2024. Optimize the parameters for 
the synthesis by the ionic gelation technique, purification, and freeze-drying of 
chitosan-sodium tripolyphosphate nanoparticles for biomedical purposes. J 
Biol. Eng. 18(1): 12.  

Hafeez, A., K. Männer, C. Schieder, and J. Zentek. 2016. Effect of supplementation 
of phytogenic feed additives (powdered vs. encapsulated) on performance 
and nutrient digestibility in broiler chickens. Poult. Sci. 95: 622 - 629.  

Hamza, H. D., Nabila, A. Y. A. C. H. I. 2023. Nanoencapsulation of Rosmarinus 
officinalis essential oil into chitosan crosslinked to tripolyphosphate 
nanoparticles and alginate/chitosan nanoparticles: formulation, 
characterization, in vitro release study, and in vivo evaluation. J. Drug Deliv. 
Ther. 13(11): 45–55. 

Han, J., H. Wang, H. Wang, S. Hao, K. Zhang, J. Tian, and H. Jin. 2024. Effect of 
changes in the structure of myoglobin on the color of meat products. Food 
Mater. Res. 4(1): e011. 

Haque, M. H., S. Sarker, M. S. Islam, M. A. Islam, M. R. Karim, M. E. H. Kayesh, 
M. J. A. Shiddiky, and M. S. Anwer. 2020. Sustainable antibiotic-free broiler 
meat production: Current trends, challenges, and possibilities in a developing 
country perspective. Biol. 9(11): 1 - 24. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



237 
 

Hartanti, L., S. Maureen Kasih Yonas, J. Jacqlyn Mustamu, S. Wijaya, H. Kurnia 
Setiawan, and L. Soegianto. 2019. Influence of extraction methods of bay 
leaves (Syzygium polyanthum) on antioxidant and HMG-CoA Reductase 
inhibitory activity. Heliyon. 5: 1485. 

Hasan, M. I., and S. Aggarwal. 2025. Matrix matters: how extracellular substances 
shape biofilm structure and mechanical properties. Colloids Surf. B 
Biointerfaces 246: 114341. 

Hasanain, I. F., O. Sjofjan, H. F. Nuningtyas, F. Marwi, F. E. Hermanto, H. S. 
Handoyo, and M. H. Natsir. 2024. Effect of nano-liquid extracts of 
Andrographis paniculata and Moringa oleifera on the performance and 
carcass quality of broiler chickens. World J. Vet. Sci. 14: 400 - 408. 

Hasheminejad, N., and J. Dehghannya. 2023. Recent advances in 
nanoencapsulation of plant-derived bioactive compounds and their stability 
characteristics. Trends Food Sci. Technol. 131: 58 - 71. 

Hassan, A. H. A., I. M. I. Youssef, N. S. Abdel-Atty, and A. S. A. Abdel-Daim. 2024. 
Effect of thyme, ginger, and their nano-particles on growth performance, 
carcass characteristics, meat quality and intestinal bacteriology of broiler 
chickens. BMC Vet. Res. 20(1), 269. 

Hatem, R., M. K. AL-Fadhli, M. J. Jalil, M. I. Hayder, A. A. Razzooqqy, M. J. Ahmed, 
A. H. Oleiwi, and S. D. Mahmood. 2018. Effect of nano-capsule of black cumin 
(Nigella sativa L.) seeds extract on broiler performance, intestinal micro flora 
and immune organs index. J. Genet. Environ. Conserv. 6: 34 - 40. 

Hayat, M. N., M. R. Ismail-Fitry, U. Kaka, H. Rukayadi, M. Z. A. A. Kadir, M. A. M. 
Radzi, P. Kumar, N. A. Nurulmahbub, and A. Q. Sazili. 2024. Assessing meat 
quality and textural properties of broiler chickens: the impact of voltage and 
frequency in reversible electrical water-bath stunning. Poult. Sci. 103(7): 
103764. 

Hazman, L., A. Aksoy, A. Büyükben, R. Kara, M. Kargıoğlu, I.H. Cigerci, and M. A. 
Yılmaz. 2022. LC-MS/MS profiles, multi-element levels and biological 
activities of Hypericum heterophyllum Vent. Indian J. Exp. Biol. 60 (10): 743 - 
752. 

Helina, M., and K. A. Roni. 2021. Sungkai leaf extract (Peronema canescens Jack) 
as antibacterial agent in wound dressing. Turk. J. Qual. Inquiry. 12 (9): 3975 - 
3981. 

Hendarto, T., and D. Budiyanto, D. 2023. Enhancing the light fastness of tannin 
from mangrove waste by encapsulation with chitosan nanoparticle. World J. 
Pharm. Res. 2(1): 009 - 016. 

Herdiana, Y., N. Wathoni, S. Shamsuddin, and M. Muchtaridi, M. 2022. Scale-up 
polymeric-based nanoparticles drug delivery systems: Development and 
challenges. OpenNano. 7: 100048. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



238 
 

Hernández, B., C. Sáenz, C. Alberdi, and J. M. Diñeiro. 2016. CIELAB color 
coordinates versus relative proportions of myoglobin redox forms in the 
description of fresh meat appearance. J. Food Sci. Technol. 53: 4159 - 4167.  

Heydarian, M., H. Ebrahimnezhad, A. Meimandipour, S. A. Hosseini, and M. H. 
Banabazi. 2020. Effects of dietary inclusion of the encapsulated thyme and 
oregano essential oils mixture and probiotic on growth performance, immune 
response and intestinal morphology of broiler chickens. Poult. Sci. 8: 17 - 25.  

Hidayati, N. A., R. E. Indarto, E. Suryanto, and N. D. Dono. 2022. Intestinal health 
in broiler chickens treated with nanoencapsulation of Terminalia catappa leaf 
extract as an antibacterial agent. Trop. Anim. Sci. J. 45(4): 443 - 450. 

Hidayati, N. A., Zuprizal, Kustantinah, R. E. Indarto, E. Suryanto, and N. D. Dono. 
2022. Intestinal health in broiler chickens treated with nanoencapsulation of 
Terminalia catappa leaf extract as an antibacterial agent. Trop. Anim. Sci. J. 
45: 443 - 450.  

Hoa, V. B., S. H. Cho, P. N. Seong, S. M. Kang, H. S. Kim, S. S. Moon, H. M. Choi, 
J. H. Kim, and K. H. Seol. 2021. The significant influences of pH, temperature 
and fatty acids on meat myoglobin oxidation: a model study. J. Food Sci. 
Technol. 58: 3972 - 3980.  

Homayounpour, P., M. A. Sani, and N. Shariatifar. 2021. Application of nano‑
encapsulated Allium sativum L. essential oil to increase the shelf life of 

hamburger at refrigerated temperature with analysis of microbial and physical 

properties. J. Food Process. Preserv. 45(11): e15907. 

Honary, S., F. Zahir, and M. Ebrahimi. 2021. Zeta potential and its importance in 
nanoparticle-based drug delivery systems. J. Drug Deliv. Sci. Technol. 61: 
102220. 

Horrocks, V., O. G. King, A. H. G. Yip, I. M. Marques, and J. A. K. McDonald. 2023. 
Role of the gut microbiota in nutrient competition and protection against 
intestinal pathogen colonization. Microbiol. 169(8): 001377. 

Horuz, T.I. and K.B. Belibağlı. 2018. Nanoencapsulation by electrospinning to 
improve stability and water solubility of carotenoids extracted from tomato 
peels. Food Chem. 268: 86 - 93.  

Hosseinzadeh, M., M. Tajabadi‑Ebrahimi, A. Tukmechi, and G. Najafi. 2025. 
Enhancing immune modulation, growth performance and gut health in broiler 
chickens through combined Pediococcus acidilactici supplementation and 
influenza vaccination. Vet. Med. Sci. 11(6): e70602. 

Houdt, V. R., A. Aertsen, P. Moons, K. Vanoirbeek, dan C. W. Michiels. 2006. N-
acyl-L-homoserine lactone signal interception by Escherichia coli. FEMS 
Microbiol. Lett. 256(1): 83 - 89. 

Hu, J. Y., Mohammed, A. A., Murugesan, G. R., Cheng, H. W. 2022. Effect of a 
synbiotic supplement as an antibiotic alternative on broiler skeletal, 
physiological, and oxidative parameters under heat stress. Poult. Sci. 101(4). 
doi: 10.1016/j.psj.2022.101769. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



239 
 

Hu, K., and D. J. McClements. 2015. Fabrication of biopolymer nanoparticles by 
antisolvent precipitation and electrostatic deposition: Zein-alginate core/shell 
nanoparticles. Food Hydrocoll. 44: 101 - 108. 

Huang, Q., X. Liu, G. Zhao, T. Hu, and H. Wang. 2018. Potential and challenges 
of tannins as an alternative to in-feed antibiotics for farm animal production. 
Anim. Nutr. 4: 137 - 150. 

Huang, S., A. Kong, Q. Cao, Z. Tong, and X. Wang. 2019. The role of blood vessels 
in broiler chickens with tibial dyschondroplasia. Poult. Sci. 98: 6527 - 6532.  

Huang, Y., and Y. Lapitsky. 2017. On the kinetics of chitosan/tripolyphosphate 
micro- and nanogel aggregation and their effects on particle polydispersity. J. 
Colloid Interface Sci. 486: 27 - 37. 

Huanhong, K., C. Lumsangkul, C. Arjin, S. Sirilun, T. Tangpao, H. L. Wang, R. 
Mektrirat, C. S. Lin, S. R. Sommano, and K. Sringarm. 2025. Dietary 
supplementation of coffee pulp extract enhances growth performance and 
intestinal morphology in broiler chicken. Poult. Sci. 104(3): 104873. 

Ibrahim, A., dan H. Kuncoro. 2012. Identifikasi metabolit sekunder dan aktivitas 
antibakteri ekstrak daun sungkai (Peronema canescens Jack) terhadap 
beberapa bakteri patogen. J. Trop. Pharm. Chem. 2 (1): 8 - 18.  

Ibrahim, I., M. H. Natsir, O. Sjofjan, I. H. Djunaidi, A. Susilo, M. Rifa’i, and H. 
Hafsah. 2025. Optimization growth performance and intestinal characteristics 
of broiler through the use of zeolite and bioherbal-based mycotoxin binders as 
feed additives. J. Adv. Vet. Anim. Res. 12: 149 - 156. 

Inbaraj B.S., L.H. Hua, B.H. Chen. 2021. Comparative study on inhibition of 
pancreatic cancer cells by resveratrol gold nanoparticles and a resveratrol 
nanoemulsion prepared from grape skin. Pharmaceutics. 13(11): 1871. 

Iqbal, H., J. J. Cottrell, H. A. R. Suleria, and F. R. Dunshea. 2020. Gut microbiota-
polyphenol interactions in chicken: A review. Anim. 10: 1 - 8.  

Islam, M. A., A. Haque, and M. Nishibori. 2022. Growth performance, meat yield 
and blood lipid profile of broiler and Sonali chickens. Vet. Anim. Sci. 18: 
100272. 

Ismail, I., and S. T. Joo. 2017. Poultry meat quality in relation to muscle growth and 
muscle fiber characteristics. Korean J. Food Sci. Anim. Resour. 37(6): 873. 

Jafari, S. M., and D. J. McClements. 2017. Nanotechnology approaches for 
increasing nutrient bioavailability. Adv. Food Nutr. Res. 81: 1 - 30.  

Jahan, F., S.V. Chinni, S. Samuggam, L.V. Reddy, M. Solayappan, dan L.S. Yin. 
2022. The complex mechanism of the Salmonella typhi biofilm formation that 
facilitates pathogenicity: a review. Int. J. Mol. Sci. 23(12): 6462. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



240 
 

Jallow, M. M., M. M. Diagne, M. H. D. Ndione, M. A. Barry, N. K. Ndiaye, D. E. 
Kiori, M. P. Mendy, D. Goudiaby, G. Fall, M. Fall, and N. Dia. 2025. Genetic 
and molecular characterization of avian influenza A(H9N2) viruses from live 
bird markets (LBM) in Senegal. Viruses. 17(1): 73. 

Janocha, A., A. Milczarek, and D. Pietrusiak. 2021. Impact of milk thistle (Silybum 
marianum [l]. gaertn.) seeds in broiler chicken diets on rearing results, carcass 
composition, and meat quality. Anim. 11(6): 1550. 

Jaradat, N., A. Khasati, M. Hawi, M. Qadi, J. Amer, and M. Hawash. 2021. In vitro 
antitumor, antibacterial, and antifungal activities of phenylthio-ethyl benzoate 
derivatives. Arab. J. Sci. Eng. 46(6): 5339 - 5344. 

Jayanudin., M. Fahrurrozi, S. K. Wirawan, dan Rochmadi. 2019. Preparation of 
chitosan microcapsules containing red ginger oleoresin using emulsion 
crosslinking method. J. Appl. Biomater. Funct. Mater. 17(1): 
2280800018809917.  

Jemaa, M. B., H. Falleh, and R. Ksouri. 2019. Encapsulation of natural bioactive 

compounds: Nanoemulsion formulation to enhance essential oils activities: 

Nanoemulsion formulation to enhance essential oils activities. IntechOpen. 

Jha, R., D. Korver, W. K. Kim, L. Marchal, K. Gibbs, and J. Halley. 2025. The 

inflammation saga: breakthrough nutritional insights for poultry. Poult. Sci. 

106200. 

Jha, R., J. M. Fouhse, U. P. Tiwari, L. Li, and B. P. Willing. 2019. Dietary fiber and 
intestinal health of monogastric animals. Front Vet. Sci. 6: 48 

Jiang, X., J. Yang, Z. Zhou, L. Yu, L. Yu, J. He, K. Zhu, H. Luo, H. Wang, X. Du, 
Q. Huang, C. Zhao, H. Liu, and C. Fang. 2023. Moringa oleifera leaf improves 
meat quality by modulating intestinal microbes in white feather broilers. Food 
Chem. 20: 100938 

Jie, H., C. Wen, Q. Huang, S. Gu, C. Sun, G. Li, H. Yan, G. Wu, and N. Yang. 
2024. Distinct patterns of feed intake and their association with growth 
performance in broilers. Poult. Sci. 103(9): 103974 

Joye, I. J., and D. J. McClements. 2014. Biopolymer-based nanoparticles and 
microparticles: Fabrication, characterization, and application. Curr. Opin. 
Colloid Interface Sci. 19(5): 417 - 427. 

Junior, N. R., G. R. Perin, C. Eyng, C. Polese, G. L. S. Tesser, B. S. Vieira, L. D. 
Castilha, P. L. O. Carvalho, M. S. D. Pavlak, L. Wachholz, P. C. Pozza, and 
R. V. Nunes. 2024. Choice of sample sizes for carcass yield and chicken cuts. 
J. Appl. Poultry Res. 33(3); 100451.  

Jusril, N. A., S. I. Abu Bakar, K. A. Khalil, W. M. Md Saad, N. K. Wen, M. I. Adenan. 
2022. Development and Optimization of nanoemulsion from ethanolic extract 
of Centella asiatica (NanoSECA) using d‑optimal mixture design to improve 
blood‑brain barrier permeability. J. Evid. Based Complementary Altern. 
Med. 2022(1): 3483511. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



241 
 

Kamruzzaman, M., S. Islam, M. J. Rana. 2021. Financial and factor demand 
analysis of broiler production in Bangladesh. Heliyon. 7(5). 

Kang, K. S., M. S. Han, I. S. Kim, and S. H. Nam. 2013. Estimation of genetic 
parameters for growth performance and survival rate in a clonal test of 
Peronema canescens. Plant Breed. Biotech. 1: 245 - 252.  

Karaś, M., A. Jakubczyk, U. Szymanowska, U. Złotek, and E. Zielińska. 2017. 
Digestion and bioavailability of bioactive phytochemicals. Int. J. Food Sci. 
Technol. 52(2): 291 - 305. 

Karayianni, M., T. Sentoukas, A. Skandalis, N. Pippa, and S. Pispas. 2023. 
Chitosan-based nanoparticles for nucleic acid delivery: technological aspects, 
applications, and future perspectives. Pharmaceutics 15(7): 1849. 

Kareem, D. U., A. T. Amos, O. P. A. Idowu, L. P. Bonagurio, and O. M. O. Idowu. 
2024. Blood profile as a health indicator in broiler chickens fed diets of different 
particle sizes supplemented with multienzyme. Agric. trop. subtrop. 57: 45 - 
59. 

Karonen, M. 2022. Insights into polyphenol–lipid interactions: chemical methods, 
molecular aspects and their effects on membrane structures. Plants 11(14): 
1809. 

Karygianni, L., Z. Ren, H. Koo, and T. Thurnheer, T. 2020. Biofilm matrixome: 

extracellular components in structured microbial communities. Trends. 

Microbiol. 28(8): 668 - 681. 

Katu, J. K., T. Tóth, B. Ásványi, Z. Hatvan, and L. Varga. 2025. Effect of fermented 
feed on growth performance and gut health of broilers: A review. Anim. 15(13): 
1957. 

Kaur, K., A. Kumar, and R. K. Mehra. 2022. Role of surface charge and zeta 
potential in nanoparticle stability and delivery efficiency. Colloids Surf. A 
Physicochem. Eng. Asp. 648: 129197. 

Kemala, P., R. Idroes, K. Khairan, M. Ramli, Z. Jalil, G. M. Idroes, T. E. Tallei, Z. 
Helwani, E. Safitri, M. Iqhrammullah, R. Nasution. 2022. Green synthesis and 
antimicrobial activities of silver nanoparticles using Calotropis gigantea from 
Ie Seu-Um Geothermal Area, Aceh Province, Indonesia. Molecules. 27(16): 
5310.  

Khairunnisa, A., and S. P. Fadlilaturrahmah. 2023. Determination of SPF value and 
total tannin in ethyl acetate fraction of Peronema canescens Jack. Jurnal 
Pharmascience. 10(2): 378 - 85.  

Khajali, F. 2022. Managing broiler production challenges at high altitude. Vet. Med. 
Sci. 8: 1519 - 1527.  

Khan, F., M. Shariq, M. Asif, M. A. Siddiqui, P. Malan, dan F. Ahmad. 2022. Green 
nanotechnology: plant-mediated nanoparticle synthesis and application. 
Nanomater. 12(4): 673.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



242 
 

Khan, R. U., S. Naz, F. Raziq, Q. Qudratullah, N. A. Khan, V. Laudadio, V. Tufarelli, 
and M. Ragni. 2022. Prospects of organic acids as safe alternative to 
antibiotics in broiler chickens diet. Environ. Sci. Pollut. Res. doi: 
10.1007/s11356-022-19241-8. 

Khanghahi, M. R. R., M. A. Jafari, K. J. Khorshidi, and S. Gharahveysi. 2024. Effect 
of feed containing cinnamon and turmeric extract with peroxide oils on the 
growth performance, antibody titers, cecal microbial population, and H 
morphology of broiler chickens. Braz. J. Poult. Sci. 26(04): eRBCA-2024. 

Khattak, M. M. A. K., M. Taher, S. J. A. Ichwan, and N. Azahari. 2013. Selected 
herbal extracts improve diabetes associated factors in 3T3-L1 adipocytes. 
Procesia Soc. 91: 257 - 375. 

Khelissa, S. O., M. Abdallah, C. Jama, C. Faille, and N. E. Chihib. 2017. Bacterial 
contamination and biofilm formation on abiotic surfaces and strategies to 

overcome their persistence. J. Mater. Environ. Sci. 8(9): 3326 - 3346. 

Khoddami, Ali., M. A. Wilkes, and T. H. Roberts. 2013. Techniques for analysis of 
plant phenolic compounds. Molecules 18(2): 2328 - 2375. 

Kianpoor, S., A. Ehsani, R. V. Torshizi, A. A. Masoudi, and M. R. Bakhtiarizadeh. 
2025. Unlocking the genetic code: a comprehensive genome-wide association 
study and gene set enrichment analysis of cell-mediated immunity in chickens. 
BMC Genom. 26(1): 337. 

Kitagawa, I., P. Simanjuntak, K. Hori, N. Nagami, T. Mahmud, M. Kobayashi, and 
H. Shibuya. 1994. Indonesian medicinal plants. vii. seven new clerodane- 
typediterpenoids, peronemins A2, A3, B1, B2, B3, C1, and D1, from the leaves 
of Peronema canescens (verbenaceae). Chem. Pharm. Bull. 42: 1050 - 1055. 

Kılıç, B., A. Şimşek, J.R. Claus, E. Karaca, and D. Bilecen. 2020. Effects of partial 
and complete replacement of added phosphates with encapsulated 
phosphates on lipid oxidation inhibition in cooked ground meat during 
storage. Food Sci. Technol. Int. 26(3): 213 - 221. 

Kokom, A., Y. Susilawati, S. A. Sumiwi, and O. N. Putra. 2024. Pharmacological 
profile and therapeutic potential of sungkai plant (Peronema 
canescens Jack.): An emerging Indonesian herbal medicine. J. Sains Farm. 
Klin. 11(2): 95 - 102. 

Kong, D., C. Quan, Q. Xi, R. Han, S. Koseki, P. Li, Q. Du, H. Yang, F. Forghani, 
and J. Wang. 2022. Study on the quality and myofibrillar protein structure of 
chicken breasts during thawing of ultrasound-assisted slightly acidic 
electrolyzed water (SAEW). Ultrason. Sonochem. 88: 106105. 

Kong, M., X. G. Chen, K. Xing, and H. J. Park. 2010. Antimicrobial properties of 

chitosan and mode of action: a state of the art review. Int. J. Food Microbiol. 

144(1): 51 - 63. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



243 
 

Kotzekidou. P., P. Giannakidis, and A. Boulamatsis. 2008. Antimicrobial activity of 
some plant extracts and essential oils against foodborne pathogens in 
vitro and on the fate of inoculated pathogens in chocolate. Food Sci. Technol. 
41(1): 119 - 127. 

Kraisit, P., S. Limmatvapirat, J. Nunthanid, P. Sriamornsak, and M. Luangtana-
anan. 2013. Nanoparticle formation by using shellac and chitosan for a protein 
delivery system. Pharm. Dev. Technol. 18(3): 686 - 693. 

Krawczyk, S. J., M. Leśniczak-Staszak, E. Gowin, and W. Szaflarski. 2024. 

Mechanistic insights into clinically relevant ribosome-targeting 

antibiotics. Biomolecules. 14(10): 1263. 

Kulkarni S. A. and S. S. Feng. 2013. Effects of particle size and surface 
modification on cellular uptake and biodistribution of polymeric nanoparticles 
for drug delivery. Pharm Res. 30(10): 2512 - 2522.  

Kumar Singh, A., C. Cabral, R. Kumar, R. Ganguly, H. Kumar Rana, A. Gupta, S. 
Upadhyay, and A. K. Pandey. 2019. Beneficial effects of dietary polyphenols 
on gut microbiota and strategies to improve delivery efficiency. Nutrients. 
11(9): 2216. 

Kumar, N., and N. Goel. 2019. Phenolic acids: Natural versatile molecules with 
promising therapeutic applications. Biotechnol. Rep. 24: e00370. 

Kusmayadi, A., Mardianingrum, R., Yanti, Y. 2025. Formulation and 
characterization of mangosteen rind extract nanocapsules as a feed additive 
candidate of poultry. Open Vet. J. 15(4): 1771. 

Lailaba, R. A., and A. Aliyu. 2024. Haematological response of starter broiler 
chickens fed diets containing graded levels of dried watermelon peel meal. 
Int. J. Sci. Res. Arch. 13: 1905 - 1909.  

Lal, A. F., S. Singh, F.C. Franco, dan S. Bhatia, S. 2021. Potential of polyphenols 
in curbing quorum sensing and biofilm formation in Gram-negative pathogens. 
Asian Pac. J. Trop. Biomed. 11(6): 231 - 243. 

Lan, H., M. H. A. Verstegen, S. Tamminga, and B. A. Williams. 2005. The role of 
the commensal gut microbial community in broiler chickens. World's Poult. 
Sci. J. 61(1): 95 - 104. 

Latek, U., M. Chłopecka, W. Karlik, and M. Mendel. 2022. Phytogenic compounds 
for enhancing intestinal barrier function in poultry: A review. Planta 
Med. 88(03–04): 218 - 236. 

Latief, M., I. L. Tarigan, P. M. Sari, and F. C. E. Aurora. 2021. Activity of ethanol 
extract of sungkai leaves (Peronema canescens Jack) in male white mice. 
Pharmacogn J. 18 (1): 24 - 37.  

Le, N.T. 2022. Plant-derived saponins and phenolics as inhibitors of 
Staphylococcus aureus biofilm development. J. Appl. Microbiol. 132(1): 65 - 
77. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



244 
 

Lee, A., M. Aldeieg, M. J. Woodward, D. T. Juniper, and C. Rymer, C. 202. The 
effect of Candida famata and Lactobacillus plantarum on the number of 
coliforms and the antibiotic resistance and virulence of Escherichia coli in the 
gut of broilers. Anim. 15(8): 100310.  

Lee, B., and H. M. Choi. 2021. Comparison of histochemical characteristics, 
chicken meat quality, and heat shock protein expressions between PSE-like 
condition and white-stripping features of pectoralis major muscle. Poult. Sci. 
100(8): 101260. 

Lee, S. K., J. H. Chon, H. K. Yun, J. C. Lee, C. Jo, K. H. Song, D. H. Kim, D. Bae, 
H. Kim, J. S. Moon, and K. H. Seo. 2022. Properties of broiler breast meat 
with pale color and a new approach for evaluating meat freshness in poultry 
processing plants. Poult. Sci. 101(3): 101627. 

Lee, S., K. Jo, H. G. Jeong, S. K. C. Jeong, J. I. Park, H. I. Yong, H. S. Choi, and 
S. Jung. 2023. Higher protein digestibility of chicken thigh than breast muscle 
in an in vitro elderly digestion model. Food Sci. Anim. Resour. 43: 305 - 318.  

Lelis, C. A., A. P. A. D. Carvalho, and C. A. C. Junior. 2021. A systematic review 
on nanoencapsulation natural antimicrobials in foods: In vitro versus in situ 
evaluation, mechanisms of action and implications on physical-chemical 
quality. Int. J. Mol. Sci. 22(21): 12055. 

Li, B., X. Zhang, Q. Zhang, T. Zheng, Q. Li, S. Yang, H. Hu, L. Wang, and S. Zhang. 
2025. Nutritional strategies to reduce intestinal cell apoptosis by alleviating 
oxidative stress. Nutr. Rev. 83(2): e518 - e532. 

Li, C., K. Fang, W. He, K. Li, Y. Jiang, and J. Li. 2021. Evaluation of chitosan-ferulic 

acid microcapsules for sustained drug delivery: Synthesis, characterizations, 

and release kinetics in vitro. J. Mol. Struct. 1227: 129353. 

Li, C., M. K. Awasthi, J. Liu, and T. Yao, T. 2024. Veterinary tetracycline residues: 

environmental occurrence, ecotoxicity, and degradation mechanism. Environ. 

Res. 120417. 

Li, C., Y. Wang, L. Li, Z. Han, S. Mao, and G. Wang. 2019. Betaine protects against 
heat exposure-induced oxidative stress and apoptosis in bovine mammary 
epithelial cells via regulation of ROS production. Cell Stress Chaperones. 
24(2): 453 - 460. 

Li, H., X. Sun, X. Liao, and M. Gänzle. 2020. Control of pathogenic and spoilage 
bacteria in meat and meat products by high pressure: challenges and future 
perspectives. Compr. Rev. Food Sci. Food Saf. 19(6): 3476 - 3500. 

Li, H., X. Zhang, Z. He, H. Chen, Z. Li, T. Meng, L. Yifeng, and H. Cao. 2020. In 
vitro and in vivo antioxidant activity of eucalyptus leaf polyphenols extract and 
its effect on chicken meat quality and cecum microbiota. Food. Res. Int. 136: 
109302. 

Li, J. L., L. Zhang, Z. Y. Yang, Z. Y. Zhang, Y. Jiang, F. Gao, G. H. Zhou. 2018. 
Effects of different selenium sources on growth performance, antioxidant 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



245 
 

capacity and meat quality of local Chinese Subei chickens. Biol. Trace Elem. 
Res. 181(2): 340 - 346. 

Li, J., and V. Monje-Galvan. 2023. In vitro and in silico studies of antimicrobial 
saponins: A review. Processes 11(10): 2856. 

Li, N., C. Wang, B. Feng, H. Bi, F. Kong, Z. Wang, and S. Tan. 2023. Application 
of nanoencapsulation technology to improve the stability and bioactivity of tea 
polyphenols. Food Biosci. 55: 1003076. 

Liang, J., H. Yan, X. Wang, Y. Zhou, X. Gao, P. Puligundla, and X. Wan. 2017. 
Encapsulation of epigallocatechin gallate in zein/chitosan nanoparticles for 
controlled applications in food systems. Food Chem. 231: 19 - 24. 

Liu, F., P. Jin, Z. Sun, L. Du, D. Wang, T. Zhao, and M. P. Doyle. 2021. Carvacrol 
oil inhibits biofilm formation and exopolysaccharide production of Enterobacter 
cloacae. Food Contr. 119: 107473. 

Liu, F., Z. Chen, S. Zhang, Y. Zhang, L. Zhang, Y. Zhang, J. Li, L. Ding, and J. Wu. 
2025. Isolation of Bacillus cereus and its probiotic effect on growth 
performance, antioxidant capacity, and intestinal barrier protection of broilers. 
Poult. Sci. 104(4).  

Liu, L., X. Liu, H. Cui, R. Liu, G. Zhao, and J. Wen. 2019. Transcriptional insights 
into key genes and pathways controlling muscle lipid metabolism in broiler 
chickens. BMC Genomics. 20(1): 863. 

Liu, S. J., J. Wang, T. F. He, H. S. Liu, and X. S. Piao. 2021. Effects of natural 
capsicum extract on growth performance, nutrient utilization, antioxidant 
status, immune function, and meat quality in broilers. Poult. Sci. 100(9): 
10130. 

Liu, T., H. Song, H. Yang, H. Bu, J. Cheng, G. Zhang, and J. Xue. 2019. 
Hemagglutinin–Neuraminidase and fusion genes are determinants of NDV 
thermostability. Vet. Microbiol. 228: 53 - 60. 

Lobiuc, A., N. E. Pavăl, I. I. Mangalagiu, R. Gheorghiță, G. C. Teliban, D. 
Amăriucăi-Mantu, and V. Stoleru. 2023. Future antimicrobials: Natural and 
functionalized phenolics. Mol. 28(3): 1114. 

Lohakare, J. and A. A. A. Abdel-Wareth. 2022. Effects of dietary supplementation 
of oregano bioactive lipid compounds and silver nanoparticles on broiler 
production. Sustain. 14(21): 13715. 

Lotfy, T. M., S. M. Shawir, and M. E. Badawy. 2023. The impacts of chitosan-

essential oil nanoemulsions on the microbial diversity and chemical 

composition of refrigerated minced meat. Int. J. Biol. Macromol. 239: 124237. 

Loudon, K. M., G. Tarr, I. J. Lean, R. Polkinghorne, P. McGilchrist, F. R. Dunshea, 

G. E. Gardner, D. W. Pethick. 2019. The impact of pre-slaughter stress on 

beef eating quality. Anim. 9(9): 612. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



246 
 

Luo, N., J. Shu, X. Yuan, Y. Jin, H. Cui, G. Zhao, and J. Wen. 2022. Differential 

regulation of intramuscular fat and abdominal fat deposition in chickens. BMC 

Genomics. 23(1): 308. 

Luo, W., B. A. Abdalla, Q. Nie, and X. Zhang. 2017. The genetic regulation of 

skeletal muscle development: insights from chicken studies. Front. Agric. Sci. 

Eng. 4(3): 295–304. 

Lv, H., H. Qin, K. Ariga, Y. Yamauchi, and B. Liu. 2022. A general concurrent 

template strategy for ordered mesoporous intermetallic nanoparticles with 

controllable catalytic performance. Angew. Chem. 134(17): e202116179. 

Lv, H., Y. Huang, T. Wang, S. Zhai, Z. Hou, and S. Chen. 2021. Microbial 

composition in the duodenum and ileum of yellow broilers with high and low 

feed efficiency. Front. Microbiol. 12: 689653. 

Maghraby, Y. R., M. A. Farag, dan A. R. Ramadan. 2021. Protective action of Jania 

rubens nanoencapsulated algal extract in controlling vegetable oils’ 

rancidity. ACS omega. 6(8): 5642 - 5652. 

Maharjan, P., D.A. Martinez, J. Weil, N. Suesuttajit, C. Umberson, G. Mullenix, K. 

M. Hilton, A. Beitia, and C. N. Coon. 2021. Review: Physiological growth trend 

of current meat broilers and dietary protein and energy management 

approaches for sustainable broiler production. Anim. 15: 100284. 

Mahfuz, S., and X. S. Piao. 2019. Application of moringa (Moringa oleifera) as 

natural feed supplement in poultry diets. Anim. 9(7): 431. 

Mahiza, M. N., H. I. Lokman, and E. B. Ibitoye. 2021. Fatty acid profile in the breast 

and thigh muscles of the slow-and fast-growing birds under the same 

management system. Trop. Anim. Health Prod. 53: 1 - 10. 

Mahmood, M. A., Madni, A., Rehman, M., Rahim, M. A., Jabar, A. 2019. Ionically 

cross-linked chitosan nanoparticles for sustained delivery of docetaxel: 

fabrication, post-formulation and acute oral toxicity evaluation. Int. J. 

Nanomedicine: 10035 - 10046. 

Maigoda, T. C., J. Judion, D. B Purkon, A. N. E. M Haerussana, and G. P. E Mulyo. 
2022. Evaluation of Peronema canescens leaves extract: Fourier transform 
infrared analysis, total phenolic and flavonoid content, antioxidant capacity, 
and radical scavenger activity. J. Med. Sci. 10: 117 - 124. 

Maigoda, T. C., Judiono, J., Purkon, D. B., El Muna Haerussana, A. N. 2023. 
Peronema canescens ethanol extract attenuates inflammatory biomarkers 
and lung damage in ARDS rats animal models induced by LPS. J. Appl. 
Pharm. Sci. 13(12): 123–131. 

Makeri, H. K., J. O. Ayo, T. Aluwong, and N. S. Minka. 2017. Daily rhythms of blood 
parameters in broiler chickens reared under tropical climate conditions. J. 
Circadian Rhythms. 15(5). 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



247 
 

Makkar, H. P. S, and S. Bhupinder. 991. Effect of drying conditions on tannin, fibre 
and lignin levels in mature oak (Quercus incana) leaves. J. Sci. Food Agric. 
54 (3): 323 - 328. 

Mañucat-Tan, N., R. Zeineddine Abdallah, H. Kaur, D. Saviane, M.R. Wilson, and 
A.R. Wyatt. 2021. Hypochlorite-induced aggregation of fibrinogen underlies a 
novel antioxidant role in blood plasma. Redox. Biol. 40: 101847. 

Manyi-Loh, C., S. Mamphweli, E. Meyer, and A. Okoh. 2018. Antibiotic use in 
agriculture and its consequential resistance in environmental sources: 
potential public health implications. Molecules. 23 (4): 1 - 48.  

Mao, L., D. Hochstetter, L. Yao, H. Zhao, J. Zhou, H. Wang, and P. Xu. 2019. 
Green tea polyphenol (−)-epigallocatechin gallate (EGCG) attenuates 
neuroinflammation in palmitic acid-stimulated BV-2 microglia and high-fat diet-
induced obese mice. Int. J. Mol. Sci. 20(20): 5081. 

Maqsood, I., S. Sareer, S. U. Rehman, A. Hidayat, M. Shah, S. Awaz, and R. Ke. 
2025. Dietary supplementation with Jasminum sambac leaf powder: Effects 
on growth, hematology, and immune parameters in broiler chickens. Poult. 
Sci. 104(1).  

Marcillo-Parra, V., D. S. Tupuna-Yerovi, Z. González, J. Ruales. 2021. 
Encapsulation of bioactive compounds from fruit and vegetable by-products 
for food application - a review. Trends Food Sci. Tech. 116: 11 - 23.  

Marrelli, M., F. Conforti, F. Araniti, and G. A. Statti. 2016. Effects of saponins on 
lipid metabolism: A review of potential health benefits in the treatment of 
obesity. Mol. 21(10): 1404. 

Martinez, D. A., J. T. Weil, N. Suesuttajit, C. Umberson, A. Scott, and C. N. Coon. 
2022. The relationship between performance, body composition, and 
processing yield in broilers: a systematic review and meta-regression. Anim. 
12(9): 2706. 

Martínez, Y., C. I. Almendares, C. J. Hernandez, M. C. Avellaneda, A. M. Urquía, 
and M. Valdivie. 2021. Effect of acetic acid and sodium bicarbonate 
supplemented to drinking water on wate quality, growth performance, organ 
weights, cecal traits and hematological parameters of young broilers. Animals 
11: 1865. 

Mba, I. E., and E. I. Nweze. 2021. Nanoparticles as therapeutic options for treating 
multidrug-resistant bacteria: research progress, challenges, and prospects. 
World J. Microbiol. Biotechnol. 37(6): 108. 

Meharie, B. G., and T. A. Tunta. 2020. Evaluation of diuretic activity and 
phytochemical contents of aqueous extract of the shoot apex of Podocarpus 
falcactus. J. Exp. Pharmacol. 12: 629 - 641. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



248 
 

Meimandipour, A., A. N. Emamzadeh, and A. Soleimani. 2017. Effects of 
nanoencapsulated aloe vera, dill and nettle root extract as feed antibiotic 
substitutes in broiler chickens. Arch. Anim. Breed. 60: 1 - 7.  

Mi, G., D. Shi, M. Wang, and T.J. Webster. 2018. Reducing bacterial infections and 
biofilm formation using nanoparticles and nanostructured antibacterial 
surfaces. Adv. Healthc. Mater. 7(13): 1800103. 

Miao, H., L. Sheng, T. Yang, G. Wu, M. Zhang, J. Sun, and A. Ainiwaer. 2020. The 
impact of flavonoids-rich Ziziphus jujuba Mill. extract on Staphylococcus 
aureus biofilm formation. BMC Complement Med. Ther. 20(1): 187.  

Miao, L., H. Zhang, L. Yang, L. Chen, Y. Xie, and J. Xiao. 2022. Flavonoids: 
In Antioxidants Effects in Health. Elsevier. pp 353 - 374. 

Michailidou, G., N. M. Ainali, E. Xanthopoulou, S. Nanaki, M. Kostoglou, E.N. 
Koukaras, D. N. Bikiaris. 2020. Effect of poly (vinyl alcohol) on 
nanoencapsulation of budesonide in chitosan nanoparticles via ionic gelation 
and its improved bioavailability. Polymers (Basel). 12(5): 1101. 

Mir, N. A., A. Rafiq, F. Kumar, V. Singh, and V. Shukla. 2017. Determinants of 
broiler chicken meat quality and factors affecting them: a review. J. Food Sci. 
Technol. 54: 2997 - 3009.  

Mirzaie, K., A. Shoushtari, S. Bokaie, F. Mehrabadi, and S. M. Peighambari. 2020. 
Trend of changes in the titer of antibody against Avian influenza virus H9n2 
during raising period in vaccinated and unvaccinated broiler farms in Qazvin 
Province, Iran: A Cohort study. Arch. Razi Inst. 75: 9 -16.  

Mo, M., Z. Zhang, X. Wang, W. Shen, L. Zhang, and S. Lin. 2023. Molecular 
mechanisms underlying the impact of muscle fiber types on meat quality in 
livestock and poultry. Front. Vet. Sci. 10: 1284551. 

Mohammadi, A., S. M. Jafari, E. Assadpour, and A. F. Esfanjani. 2016. Nano-
encapsulation of olive leaf phenolic compounds through WPC-pectin 
complexes and evaluating their release rate. Int. J. Biol. Macromol. 82: 816 - 
822.  

Mohammadpourdounighi, N., A. Behfar, A. Ezabadi, H. Zolfagharian, and M. 
Heydari. 2010. Preparation of chitosan nanoparticles containing Naja naja 
oxiana snake venom. Nanomed. 6(1): 137 - 143. 

Mohammed, A. A., Mahmoud, M. A., Zaki, R. S., Cheng, H. W. 2024. Effect of a 
probiotic supplement (Bacillus subtilis) on struggling behavior, immune 
response, and meat quality of shackled broiler chickens exposed to 
preslaughter stress. Poult. Sci. 103(10). doi: 10.1016/j.psj.2024.104051. 

Mottaghipisheh, J., M. Kamali, A. H. Doustimotlagh, M. H. Nowroozzadeh, F. 
Rasekh, M. H. Hashempur, and A. Iraji. 2024. A comprehensive review of 
ethnomedicinal approaches, phytochemical analysis, and pharmacological 
potential of Vitex trifolia L. Front. Pharmacol. 15: 1322083. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



249 
 

Mousapour, A., M. Salarmoini, M. Afsharmanesh, H. Ebrahimnejad, and A. 
Meimandipour. 2020. Efficacy of savory essential oil utilization in conventional 
and encapsulated forms on performance of broiler chickens. Braz. J. Poult. 
Sci. 22: 1 - 12.  

Mozar, F. S., and E. H. Chowdhury. 2017. Surface-modification of carbonate 
apatite nanoparticles enhances delivery and cytotoxicity of gemcitabine and 
anastrozole in breast cancer cells. Pharm. 9(2): 21. 

Muharni, F., H. Yohandini, F. Riyanti, and N. A. P. Pakpahan. 2021. The 
anticholesterol activity of betulinic acid and stigmasterol isolated from the 
leaves of sungkai (Peronema canescens Jack). Int. J. Appl. Pharm. 13: 110 - 
113.  

Mukherjee, S., and B. L. Bassler. 2019. Bacterial quorum sensing in complex and 
dynamically changing environments. Nat. Rev. Microbiol. 17(6): 371 - 382. 

Muñoz-Cazares, N., R. García-Contreras, M. Pérez-López, and I. Castillo-Juárez. 
2017. Phenolic compounds with anti-virulence properties. Phenolic 
Compounds–Biological Activity: 139 - 167. 

Muñoz, V., T. Kappes, M. Roeckel, J.C. Vera, and K. Fernández. 2016. 
Modification of chitosan to deliver grapes proanthocyanidins: 
Physicochemical and biological evaluation. LWT. 73: 640 - 648. 

Musa, N. M., M. S. Sallau, A. O. Oyewale, and T. Ali. 2024. Antimicrobial activity 
of lupeol and β-amyrin (triterpenoids) isolated from the rhizome of Dolichos 
pachyrhizus Harm. Adv. J. Chem. A 7(1): 1–14. 

Nascimento, S. T., A. S. C. Maia, K. G. Gebremedhin, and C. C. N. Nascimento. 
2017. Metabolic heat production and evaporation of poultry. Poult. Sci. 96: 
2691 - 2698.  

Navarro D. H. J., G. Casado-Hidalgo, G. Reglero, and D. Martin. 2021. The 
hydrolysis of saponin-rich extracts from fenugreek and quinoa improves their 
pancreatic lipase inhibitory activity and hypocholesterolemic effect. Food 
Chem. 338: 128113. 

Nazareth, T.D., C. de Souza, M.R. de Souza, and B.A. Ratti. 2021. Anti-biofilm 
potential of plant-derived compounds: Mechanisms and applications. Microb. 
Pathog. 155: 104901. 

Nazifi, S., and T. Yaghoobpour. 2025. Diagnostic importance of acute phase 
proteins and sialic acids in various inflammatory and non-inflammatory 
conditions in poultry: a review. Comp. Clin. Pathol. 1–9. 

Ncho, C. M., J. I. Berdos, V. Gupta, A. Rahman, K. T. Mekonnen, and A. Bakhsh. 
2025. Abiotic stressors in poultry production: a comprehensive review. J. 
Anim. Physiol. Anim. Nutr. 109(1): 30 - 50. 

Neethirajan, S. 2025. Rethinking poultry welfare—integrating behavioral science 
and digital innovations for enhanced animal well-being. Poultry 4(2): 20. 

Neish, A. S. 2002. The gut microflora and intestinal epithelial cells: a continuing 
dialogue. Microbes. Infect. 4(3): 309 - 317. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



250 
 

Neves, D. A. L., C. C. Milioli, L. Müller, H. G. Riella, N. C. Kuhnen, and H. K. 
Stulzer. 2014. Factorial design as tool in chitosan nanoparticles development 
by ionic gelation technique. Colloids Surf. A: Physicochem. Eng. Asp. 445: 34 
- 39. 

Ngamkhae, N., O. Monthakantirat, Y. Chulikhit, C. Boonyarat, J. Maneenet, C. 
Khamphukdee, P. Kwankhao, S. Pitiporn, and S. Daodee. 2022. Optimization 
of extraction method for Kleeb Bua Daeng formula and comparison between 
ultrasound-assisted and microwave-assisted extraction. J. Appl. Res. Med. 
Aromat. Plants. 28: 1 - 11. 

Nguyen, D. T. N., N. H. Le, V. V Pham, P. Eva, F. Alberto, H. T. Le, N. Thi, and N. 
Dung. 2021. Relationship between the ratio of villous height: crypt depth and 
gut bacteria counts as well production parameters in broiler chickens. J. Agric. 
Dev. 20(3): 1 - 10. 

Nhung, N. T., N. Chansiripornchai, and J. J. Carrique-Mas. 2017. Antimicrobial 
resistance in bacterial poultry pathogens: A review. Front Vet. Sci. 4: 126. 

Nieto, G. 2017. Biological activities of three essential oils of the Lamiaceae 
family. Medicines 4(3): 63. 

Nikmaram, N., S. Budaraju, F. J. Barba, J. M. Lorenzo, R. B. Cox, K. Mallikarjunan, 
S. Roohinejad. 2018. Application of plant extracts to improve the shelf-life, 
nutritional and health-related properties of ready-to-eat meat products. Meat 
Sci. 145: 245 - 55.  

Nishimura, T. 2010. The role of intramuscular connective tissue in meat texture. 
Anim. Sci. J. 81(1): 21 - 27. 

Nooraldeen, F. A. 2025. Effect of cold storage on lipid and protein oxidation, 
microbial spoilage, and physicochemical properties of chicken meat. Kirkuk 
University Journal for Agricultural Sciences.1 - 10. 

Nouri, A. 2019. Chitosan nano-encapsulation improves the effects of mint, thyme, 
and cinnamon essential oils in broiler chickens. Br. Poult. Sci. 60: 530 - 538.  

Noviarni, I. 2023. Review article: Potential of sungkai leaf extract (Peronema 
canescens Jack.) as an antioxidant. JSSIT: J. Sci. Appl. Sci. 1(1). 

Ntalikwa, J. W. 2021. Solvent extraction of jatropha oil for biodiesel production: 
Effects of solvent‑to‑solid ratio, particle size, type of solvent, extraction time, 
and temperature on oil yield. J. Renew. Energy. 57(1): 1 - 8. 

Nurmiati, Periadnadi, and K. Apriani. 2024. Antimicrobial activity of sungkai leaf 
extract (Peronema canescens Jack.) and antioxidants. World J. Adv. Res. 
Rev. 22: 363 - 369. 

Nurmiati, Periadnadi, and Komelia Apriani. 2024. Antimicrobial activity of sungkai 
leaf extract (Peronema canescens Jack.) and antioxidants. World J. Adv. Res. 
Rev. 22: 363 - 369. 

Nwafor, I. R., Y. Alhassan, J. I. Udoh, D. Odanibeh, J. Oyaniyi, V. K. Efoli-Bam, E. 
O. Azubuike, J. C. Ojobor, and Nwokafor, C. V. Plant-derived bioactive 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



251 
 

compounds and their mechanistic roles in combating microbial biofilms. 34(9): 
74 - 85 

Obianwuna, U. E., X. Chang, V. U. Oleforuh-Okoleh, P. N. Onu, H. Zhang, K. Qiu, 
and S. Wu. 2024. Phytobiotics in poultry: revolutionizing broiler chicken 
nutrition with plant-derived gut health enhancers. J. Anim. Sci. Biotechnol. 
15(1): 169. 

Odetokun, I. A., S. Maurischat, V. O. Adetunji, and A. Fetsch. 2022. Methicillin-
resistant Staphylococcus aureus from municipal abattoirs in Nigeria: showing 
highly similar clones and possible transmission from slaughter animals to 
humans. Foodborne Pathog. Dis. 19(1): 56 - 61. 

Office International des Epizooties (OIE). 2018. Manual of Diagnostic Tests and 
Vaccines for Terrestrial Animals Chapter 3.3.4 Avian Influenza (Infection with 
Avian Influenza Viruses). 

Oke, O. E., L. O. Fasasi, I. O. Opowoye, and O. A. Akosile. 2025. The role of gut 
microbiota-derived metabolites in modulating poultry immunometabolism. 
Front. Physiol. 16: 1700406. 

Oke, O. E., O. A. Akosile, A. I. Oni, I. O. Opowoye, C. A. Ishola, J. O. Adebiyi, A. 
J. Odeyemi, B. Adjei-Mensah, V. A. Uyanga, and M. O. Abioja. 2024. 
Oxidative stress in poultry production. Poult. Sci, 103(9): 104003. 

Okuda, T., and H. Ito, H. 2011. Tannins of constant structure in medicinal and food 
plants—hydrolyzable tannins and polyphenols related to tannins. Mol. 16(3): 
2191 - 2217. 

Oliveira-Costa, J. F., C. S. Meira, M. V. G. D. Neves, B. P. Z. C. Dos Reis, and M. 
B. P. Soares. 2022. Anti-inflammatory activities of betulinic acid: A 
review. Front. Pharmacol. 13: 883857. 

Oluwafemi, R. A., O. C. P. Agubosi, R. Musah, S. C. Asiji, M. C. Sunday, P. I. 
Usmana, and I. J. Onwumelu. 2024. Carcass characteristics and blood profile 
of broiler chickens fed diets containing different inclusion levels of Prosapis 
africana essential oil. ADAN J. Agric. 5(1). 

Omar, A. E., H. S. Al-Khalaifah, H. A. M. Mohamed, H. S. A. Gharib, A. Osman, N. 
A. Al-Gabri, and S.A. Amer. 2020. Effects of phenolic-rich onion (Allium cepa 
L.) extract on the growth performance, behavior, intestinal histology, amino 
acid digestibility, antioxidant activity, and the immune status of broiler 
chickens. Front Vet. Sci. 7: 582612. 

Osman, E. E., Shemis, M. A., Abdel-Hameed, E. S. S., Gouda, A. E., Hassan, H., 
Atef, N., Mamdouh, S. 2024. Phytoconstituent analysis, anti-inflammatory, 
antimicrobial and anticancer effects of nanoencapsulated Convolvulus 
arvensis L. extracts. BMC Complement. Med. Ther. 24(1): 122. 

Oso, A. O., R. U. Suganthi, G. B. M. Reddy, P. K. Malik, G. Thirumalaisamy, V. B. 
Awachat, S. Selvaraju, A. Arangasamy, and R. Bhatta. 2019. Effect of dietary 
supplementation with phytogenic blend on growth performance, apparent ileal 
digestibility of nutrients, intestinal morphology, and cecal microflora of broiler 
chickens. Poult. Sci. 98: 4755 - 4766.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



252 
 

Othman, N., S. F. A. Rahman, and M. A. Hassan. 2021. Antibiofilm properties of 
saponin-rich plant extracts against Staphylococcus aureus. BMC Microbiol. 
21(1): 215. 

Özbek, M., M. Petek, and S. Ardlçll. 2020. Physical quality characteristics of breast 
and leg meat of slow-and fast-growing broilers raised in different housing 
systems. Arch. Anim. Breed. 63: 337 - 344.  

Ozdal, M., and S. Gurkok. 2022. Recent advances in nanoparticles as antibacterial 
agent. ADMET DMPK 10: 115 - 129. 

Palomares-Navarro, J. J., A. T. Bernal-Mercado, G. A. González-Aguilar, L. A. 
Ortega-Ramirez, M. A. Martínez-Téllez, and J. F. Ayala-Zavala. 2022. 
Antibiofilm action of plant terpenes in Salmonella strains: Potential inhibitors 
of the synthesis of extracellular polymeric substances. Pathogens. 12(1): 35. 

Paly, M. B. 2023. Broiler performance index based on strains, commercial ration 
and their interaction. Int. J. Prog. Sci.Tech.47(1): 13 - 21 

Pan, D., and Z. Yu. 2013. Intestinal microbiome of poultry and its interaction with 
host and diet. Gut Microbes. 5: 108 - 119.  

Pang, B., X. Yu, B. Bowker, J. Zhang, H. Yang, and H. Zhuang. 2021. Effect of 
meat temperature on moisture loss, water properties, and protein profiles of 
broiler pectoralis major with the woody breast condition. Poult. Sci. 100: 1283 
- 1290.  

Papadopoulou, A., K. Petrotos, D. Stagos, K. Gerasopoulos, A. Maimaris, H. 
Makris, I. Kafantaris, S. Makri, E. Kerasioti, M. Halabalaki, V. Brieudes, G. 
Ntasi, S. Kokkas, P. Tzimas, P. Goulas, A. M. Zakharenko, K. S. Golokhvast, 
A. Tsatsakis, and D. Kouretas. 2017. Enhancement of antioxidant 
mechanisms and reduction of oxidative stress in chickens after the 
administration of drinking water enriched with polyphenolic powder from olive 
mill waste waters. Oxid. Med. Cell. Longev. 2017(1): 8273160. 

Park, J. H., and Kim, I. H. 2020. Effects of dietary Achyranthes japonica extract 
supplementation on the growth performance, total tract digestibility, cecal 
microflora, excreta noxious gas emission, and meat quality of broiler 
chickens. Poult. Sci. (1): 463 - 470. 

Park, J. S., T. H. Han, K. Y. Lee, S. S. Han, J. J. Hwang, D. H. Moon, S. Y. Kim, 
and Y. W. Cho. 2006. N-acetyl histidine-conjugated glycol chitosan self-
assembled nanoparticles for intracytoplasmic delivery of drugs: Endocytosis, 
exocytosis and drug release. J. Control. Release. 115: 37 - 45.  

Park, N. H., J. S. Choi, S. Y. Hwang, Y. C. Kim, Y. K. Hong, K. K. Cho, and I. S. 
Choi. 2013. Antimicrobial activities of stearidonic and gamma-linolenic acids 
from the green seaweed Enteromorpha linza against several oral pathogenic 
bacteria. Bot. Stud. 54(1): 39. 

Park, S.H., D. S. Byeon, G. H. Kim, and H. H. Kim. 2021. Carcass and retail meat 
cuts quality properties of broiler chicken meat based on the slaughter age. J. 
Anim. Sci. Technol. 63: 180 - 190. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



253 
 

Partovi, R., S. Seifi, M. Pabast, and A. Babaei. 2019. Effects of dietary 
supplementation with nanocurcumin on quality and safety of meat from broiler 
chicken infected with Eimeria species. J. Food. Saf. 39(6): e12703. 

Pateiro, M., B. Gómez, P. E. S. Munekata, F. J. Barba, P. Putnik, D. B. Kovačević, 
and J. M. Lorenzo. 2021. Nanoencapsulation of promising bioactive 
compounds to improve their absorption, stability, functionality and the 
appearance of the final food products. Mol. 26(6): 1547. 

Pedroso-Santana, S., and N. Fleitas-Salazar. 2020. Ionotropic gelation method in 
the synthesis of nanoparticles/microparticles for biomedical purposes. Polym. 
Int. 69: 443 - 447.  

Pellattiero, E., G. Tasoniero, M. Cullere, E. Gleeson, G. Baldan, B. Contiero, and 
A. Dalle Zotte. 2020. Are meat quality traits and sensory attributes in favor of 
slow-growing chickens?. Anim. 10(6): 960. 

Pelvan, E., Karaoğlu, Ö., Önder Fırat, E., Kalyon, K. B., Ros, E., Alasalvar, C. 
2022. Immunomodulatory effects of selected medicinal herbs and their 
essential oils: A comprehensive review. J. Funct. Foods. 94: 105108. 

Pereira Farias, N. N., E. R. Freitas, R. C. Nepomuceno, H. Marques Gomes, D. 
Herik Souza, M. K. de O. Costa, H. Soares da Costa, D. R. Fernandes, L. R. 
Santos Araújo, G. A. Jerônimo do Nascimento, M. C. Abreu de Melo, and P. 
H. Watanabe. 2021. Ethanolic extract of mango seed in broiler feed: Effect on 
productive performance, segments of the digestive tract and blood 
parameters. Anim. Feed Sci. Technol. 279: 114999. 

Pereira, M. C., D. A. Oliveira, L. E. Hill, R. C. Zambiazi, C. D. Borges, M. Vizzotto, 
S. Mertens-Talcott, S. Talcott, and C. L. Gomes. 2018. Effect of 
nanoencapsulation using PLGA on antioxidant and antimicrobial activities of 
guabiroba fruit phenolic extract. Food Chem. 240: 396 - 404.  

Perez de Souza, L., K. Garbowicz, Y. Brotman, T. Tohge, and A. R. Fernie. 2020. 
The acetate pathway supports flavonoid and lipid biosynthesis 
in Arabidopsis. Plant Physiol. 182(2): 857–869. 

Petchsomrit, A., N. Sermkaew, and R. Wiwattanapatapee. 2017. Alginate-based 

composite sponges as gastroretentive carriers for curcumin-loaded self-

microemulsifying drug delivery systems. Sci. Pharm. 85(1): 11. 

Philip, A. K., B. A. Samuel, Y. S. Saleh, B. I. Mohammad, and H. A. Al-Aubaidy. 

2025. pH-responsive chitosan-alginate hydrogel beads for enhanced 

bioavailability and controlled release of omeprazole. Drug Dev. Ind. Pharm. 

51(11): 1495 - 1510. 

Phillips, C. J. C., B. Hosseintabar-Ghasemabad, I. F. Gorlov, M. I. Slozhenkina, A. 
A. Mosolov, and A. Seidavi. 2023. Immunomodulatory effects of natural feed 
additives for meat chickens. Life. 13(6): 1287. 

Pontalti, E., F. Pirrone, A. D. Zotte, E. Nalon, R. Verdiglione, S. Mattioli, and M. 
Birolo. 2025. Impact of heat stress on growth performance and carcass traits 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



254 
 

of fast- medium- and slow-growing broiler chicken genotypes. Poult. Sci. 
104(10) 105509.  

Popat, A., J. Liu, G. Q. Lu, and S. Z. Qiao. 2012. A pH-responsive drug delivery 
system based on chitosan coated mesoporous silica nanoparticles. J. Mater. 
Chem. 22(22): 11173 - 11178.  

Predescu, N. C., C. Papuc, V. Nicorescu, I. Gajaila, V. E. Goran, C. D. Petcu, and 
G. Stefan. 2016. The influence of solid-to-solvent ratio and extraction method 
on total phenolic content, flavonoid content and antioxidant properties of some 
ethanolic plant extracts. Rev. Chim. 67(10): 1922 - 1927. 

Proszkowiec-Weglarz, M., K. B. Miska, L. L. Schreier, C. J. Grim, K. G. Jarvis, J. 
Shao, S. Vaessen, R. Sygall, M. C. Jenkins, S. Kahl, and B. Russell. 2020. 
Research Note: Effect of butyric acid glycerol esters on ileal and cecal 
mucosal and luminal microbiota in chickens challenged with Eimeria maxima. 
Poult. Sci. 99(10): 5143 - 5148. 

Pruksawan, S., Y. T. Chong, Y. S. Y. Lee, D. K. F. Lam, and F. Wang. 2025. Design 
strategies and perspectives on the toughening of hydrogels via fully physical 
cross-linking. Chem. Mater. 37(15): 5436–5453. 

Putranto, A. M. H. 2014. Examination of the sungkai’s young leaf extract 
(Peronema canescens) as an antipiretic, immunity, antiplasmodium and 
teratogenity in mice (Mus. muculus). Int. J. Sci. Eng. 7(1): 30 - 34. 

Putri, C. E. D., H. E. Shinta, F Fatmaria, and Trinovita, E. The effectiveness of 
sungkai leaf (Peronema canescens Jack.) extract gel on the collagen density 
of incision wounds in Vivo. Majalah Obat Tradisional. 28(2): 69 - 76. 

Qaid, M. M., S. I. Al-Mufarrej, M. A. Al-Garadi, A. A. Al-Abdullatif, G. M. Suliman, 
A. H. Alqhtani, R. A. Alhotan, A. S. Alharthi, and M. A. Murshed. 2024. Effects 
of dietary cinnamon bark on quality, texture profile, and other physicochemical 
features of broiler carcase. Ital. J. Anim. Sci. 23: 1305 - 1317.  

Qais, F. A., and I. Ahmad. 2022. Anti-quorum sensing and biofilm inhibitory effect 
of some medicinal plants against gram-negative bacterial pathogens: in vitro 
and in silico investigations. Heliyon. 8(10). 

Qamariah, N., D. S Mulia, and D. Fakhrizal. 2020. Indigenous knowledge of 
medicinal plants by dayak community in Mandomai village, Central 
Kalimantan, Indonesia. Pharmacogn. J. 12(2): 386 - 390  

Qu, Q., M. Liu, H. Hu, G. Huang, Z. Xuan, J. Lun, X. Chen, H. Lv, and S. Guo. 
2025. Modulatory effects of polyherbal mixture on the immuno-antioxidant 
capacity and intestinal health of chicks infected with Escherichia coli O78. 
Poult. Sci. 104(6): 105156. 

Rabima, R., and M. P. Sari. 2019. Entrapment efficiency and drug loading of 
curcumin nanostructured lipid carrier (NLC) formula. Pharmaciana. 9(2): 299 
- 306. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



255 
 

Rahaiee, S., Shojaosadati, S. A., Hashemi, M. 2023. An efficient ionic gelation 
based nano-delivery system to improve stability and controlled release of 
saffron extracts. Biocatal. Agric. Biotechnol. 52: 102831. 

Rahardhian, M. R. R., H. Susilawati, I. Musfiroh, R. M. Febriyanti, Muchtaridi, and 
S. A. Sumiwi. 2022. In silico study of bioactive compounds from sungkai 
(Peronema canescans) as immunomodulator. Int. J. Appl. Pharm. 14: 135 - 
141.  

Rahardhian, M. R. R., S. A. Sumiwi, H. Susilawati, and M. Muchtaridi. 2025. 
Immunomodulatory potential of kaempferol isolated from Peronema 
canescens Jack. leaves through inhibition of il-6 expression. Int. J. Mol. Sci. 
26(7): 3068. 

Rahman, M., and S. J. Kim. 2016. Effects of dietary Nigella sativa seed 
supplementation on broiler productive performance, oxidative status and 
qualitative characteristics of thighs meat. Ital. J. Anim. Sci. 15: 241 - 247. 

Rahmani, M. M., H. Ding, Q. Wei, J. Sun, L. Hou, S. H. Elsaid, I. Ali, H. Zhou, and 
F. Shi. 2025. Impact of fermented bamboo powder on the morphology and 
physiology of the gastrointestinal tract in yellow-feather broiler chickens. Poult. 
Sci. 104(2): 104793. 

 Rahmani, M., A. Golian, H. Kermanshahi, and M. R. Bassami. 2017. Effects of 
curcumin and nanocurcumin on growth performance, blood gas indices and 
ascites mortalities of broiler chickens reared under normal and cold stress 
conditions. Ital. J. Anim. Sci. 16: 438 - 446.  

Rahmawati, D., Waiman., A. C. Sukartiko. 2023. Crust goat leather dyeing using 
mahogany (Swietenia mahogani) sawdust extract and coloring time to get the 
best results. Jurnal Ilmu dan Teknologi Peternakan Tropis. 10(1): 110 -120. 

Ramadenti, F., A. Sundaryono, and D. Handayani. 2017. Uji Fraksi Etil Asetat dari 
Peronema canescens terhadap Plasmodium berghei pada Mus musculus. 
Jurnal Pendidikan. 1: 89 - 92. 

Ramadhani, N., A. G. Samudra, R. Pertiwi, C. D. Utami, A. Muslimah, W. Syahidah, 
dan P. S. Khodijah. 2022. Analisis total fenol Dan flavonoid ekstrak etanol kulit 
batang sungkai (Peronema canescens Jack). Pharm. J. Indonesia. 19(1): 66 
- 79. 

Ramah, A., M. Yasuda, H. Ohashi, M. Urakawa, T. Kida, T. Yanagita, R. Uemura, 
H. H. Bakry, N. M. Abdelaleem, and E. A. El-Shewy. 2020. Different doses of 
tannin reflect a double-edged impact on broiler chicken immunity. Vet. 
Immunol. Immunopathol. 220: 109991. 

Rashid, R., S. M. Wani, S. Manzoor, F. A. Masoodi, and A. Altaf. 2022. 
Nanoencapsulation of pomegranate peel extract using maltodextrin and whey 
protein isolate. Characterization, release behavior, and antioxidant potential 
during simulated in vitro digestion. Food Biosci. 50: 1 - 12.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



256 
 

Rashki, S., A. Jafari, M. R. Khosravi-Darani, and S. M. Hosseini. 2021. 
Nanoencapsulation of plant bioactive compounds: Stability, delivery systems 
and applications. Food Chem. 352: 129318. 

Ratnawati, D., S. Darwati, S. Murtini, and C. Sumantri. 2024. Detection of 
newcastle disease egg yolk titer and phenotypic correlation in IPB-D2 
chickens. J. Poult. Sci. Avian Dis. 2: 56 - 60.  

Ravindran, V., and M. R. Abdollahi. 2021. Nutrition and digestive physiology of the 
broiler chick: State of the art and outlook. Anim. 11(10): 2795. 

Razooqi, R. H., M. K. AL-Fadhli, M. J. Jalil, M. I. Hayder, A. A. Razzooqqy, M. J. 
Ahmed, A. H. Oleiwi, S. D. Mahmood. 2018. Effect of nano-capsule of black 
cumin (Nigella sativa L.) seeds extract on broiler performance, intestinal micro 
flora and immune organs index. J. Genet. Environ. Conserv. 6(3): 34 - 40. 

Ren, X., P. Yuan, J. Niu, Y. Liu, Y. Li, L. Huang, X. Wang, L. Zhai, and W. Yang. 
2023. Effects of dietary supplementation with microencapsulated Galla 
chinensis tannins on growth performance, antioxidant capacity, and lipid 
metabolism of young broiler chickens. Front. Vet. Sci. 10: 1259142. 

Rezagholizade-Shirvan, A., M. Soltani, S. Shokri, R. Radfar, M. Arab, and E. 
Shamloo, E. 2024. Bioactive compound encapsulation: Characteristics, 
applications in food systems, and implications for human health. Food Chem. 
10: 101953. 

Ribeiro, L. R. R., E. C. de O. Sans, R. M. Santos, C. A. Taconelli, R. de Farias, 
and C. F. M. Molento. 2024. Will the white blood cells tell? A potential novel 
tool to assess broiler chicken welfare. Front Vet. Sci. 11: 1384802. 

Ribeiro, S. M., L. M. Hollanda, and J. S. Nascimento. 2020. Flavonoids inhibit 
Staphylococcus aureus biofilm formation by suppressing the ica operon 
expression. Front. Microbiol. 11: 481. 

Riggs, M. R., R. Hauck, B. I. Baker-Cook, R. C. Osborne, A. Pal, M. T. B. Terra, 
G. Sims, A. Urrutia, L. Orellana-Galindo, M. Reina, J. F. DeVillena, and D. V. 
Bourassa. 2023. Meat quality of broiler chickens processed using electrical 
and controlled atmosphere stunning systems. Poult. Sci. 102(3): 102422. 

Rizki, M., F. Pratama, S. Sutomo, A. Arnida, F.R. Yulistati, and N. Normaidah. 
2022. Pharmacognostic study and antioxidant activity of sungkai (Peronema 
canescens Jack.) methanol extract from Indonesia. Bull. Pharm. Sci. Assiut 
Univ. 45(2): 655 - 665. 

Rochoa, S., C. Proença, A. N. Araújo, M. Freitas, I. Rufino, N. Aniceto, A. V. 
Machado, and E. Fernandes. 2025. Flavonoids as potential modulators of 
pancreatic lipase catalytic activity. Pharmaceutics. 17(2): 163. 

Rodriguez-Sanchez, R., A. Tres, R. Sala, F. Guardiola, and A. C. Barroeta. 2019. 
Evolution of lipid classes and fatty acid digestibility along the gastrointestinal 
tract of broiler chickens fed different fat sources at different ages. Poult. Sci. 
98: 1341 - 1353.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



257 
 

Ronquillo, M. G. and J. C. A. Hernandez. 2017. Antibiotic and synthetic growth 
promoters in animal diets: Review of impact and analytical methods. Food 
Control. 72: 255 - 267.  

Rosdiana, N. A and R. K Sari. 2014. Fraksi aktif antioksidan dari ekstrak kulit kayu 
Sungkai (Peronema canescens Jack). Bogor Agricultural University, Bogor.  

Rosenthal, A.J. and P. Thompson. 2021. What is cohesiveness?—A linguistic 
exploration of the food texture testing literature. J. Texture. Stud. 52(3): 294 - 
302. 

Roy, B. C., and H. L. Bruce. 2024. Contribution of intramuscular connective tissue 
and its structural components on meat tenderness—revisited: a review. Crit. 
Rev. Food Sci. Nutr. 64(25): 9280–9310. 

Rubio, L. A. 2019. Possibilities of early life programming in broiler chickens via 
intestinal microbiota modulation. Poult. Sci. 98: 695 - 706. 

Rychlik, I. 2020. Composition and function of chicken gut microbiota. Anim. 10(1): 
103. 

Rysman, K., V. Eeckhaut, R. Ducatelle, E. Goossens, and F. V. Immerseel. 2023. 
Broiler performance correlates with gut morphology and intestinal 
inflammation under field conditions. Avian Pathol. 52: 232 - 241.  

Sacco, P., S. Paoletti, M. Cok, F. Asaro, M. Abrami, M. Grassi, and I. Donati. 2016. 
Insight into the ionotropic gelation of chitosan using tripolyphosphate and 
pyrophosphate as cross-linkers. Int. J. Biol. Macromol. 92: 476 - 483.  

Sacco, P., S. Pedroso-Santana, H. Kumar, N. Joly, P. Martin, and P. Bocchetta. 
2021. Ionotropic gelation of chitosan flat structures and potential applications. 
Mol. 26(3): 660. 

Sachdeva, A., T. Tomar, T. Malik, A. Bains, and A. Karnwal. 2025. Exploring 
probiotics as a sustainable alternative to antimicrobial growth promoters: 
mechanisms and benefits in animal health. Front. Sustain. Food Syst. 8: 
1523678. 

Sadeghi, A., M. Toghyani, and A. Gheisari, A. 2015. Effect of various fiber types 
and choice feeding of fiber on performance, gut development, humoral 
immunity, and fiber preference in broiler chicks. Poult. Sci. 94(11): 2734 - 
2743. 

Saeed, M., G. Abbas, M. Alagawany, A. A. Kamboh, M. E. Abd El-Hack, A. F. 
Khafaga, and S. Chao. 2019. Heat stress management in poultry farms: A 
comprehensive overview. J. Therm. Biol. 84: 414 - 425. 

Sahraei, R., M. R. Khosravi-Darani, S. Sharifan, and S. M. Hosseini. 2020. 
Chitosan-based nanoparticles prepared by ionic gelation: Physicochemical 
characterization and stability evaluation. Int. J. Biol. Macromol. 164: 2074 -
2083. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



258 
 

Sai-Ut, S., P. Kingwascharapong, M. A. R. Mazumder, and S. Rawdkuen. 2023. 
Optimization of extraction of phenolic compounds and antioxidants from 
passion fruit and rambutan seeds using response surface methodology. J. 
Agri. Food Res. 14: 100888. 

Salim, H. M., K. S. Huque, K. M. Kamaruddin, and M. A. H. Beg. 2018. Global 
restriction of using antibiotic growth promoters and alternative strategies in 
poultry production. Sci. Prog. 101: 52 - 75.  

Samborska, K., S. Boostani, M. Geranpour, H. Hosseini, C. Dima, S. Khoshnoudi-

Nia, H. Rostamabadi, S. R. Falsafi, R. Shaddel, S. Akbari-Alavijeh, S. M. 

Jafari. 2021. Green biopolymers from by-products as wall materials for spray 

drying microencapsulation of phytochemicals. Trends Food Sci. Tech. 108: 

297 - 325. 

Samimi, S., N. Maghsoudnia, R. B. Eftekhari, dan F. Dorkoosh. 2019. Lipid-based 
nanoparticles for drug delivery systems. Charact. Biol. Nanomater. Drug Deliv. 
47 - 76 

Samreen, F., A. Qais, and I. Ahmad. 2022. Anti-quorum sensing and biofilm 
inhibitory effect of some medicinal plants against gram-negative bacterial 
pathogens: in vitro and in silico investigations. Heliyon. 8 (10): 1-11.  

Sangolkar, R. D. K. Kawadkar, B. A Bhanvase, S. H. Sonawane, and I. Potoroko, 
I. 2019. Ultrasound assisted encapsulation of peppermint flavor in gum Arabic: 
Study of process parameters. J. Food Process Eng. 42(7): e13269. 

Sanneur, K., N. Leksawasdi, N. Sumonsiri, C. Techapun, S. Taesuwan, R. Nunta, 
and J. Khemacheewakul. 2023. Inhibitory effects of saponin-rich extracts from 
Pouteria cambodiana against digestive enzymes α-glucosidase and 
pancreatic lipase. Foods 12(20): 3738. 

Santoni, A., M. Efdi, dan N. Fadhillah, N. 2023. Profil fitokimia dan penentuan 
fenolik total, flavonoid total, dan uji aktivitas antioksidan ekstrak daun sungkai 
(Peronema canescens Jack) dari daerah kota Padang. Jurnal Kimia Unand. 
12(1): 1 - 6. 

Santos, C. A., E. M. F. Lima, B. D. G. D. M. Franco, dan U. M. Pinto. 2021. 
Exploring phenolic compounds as quorum sensing inhibitors in foodborne 
bacteria. Front.microbiol. 12: 735931. 

Santos, P. P., L. de A. Andrade, S. H. Flôres, A. de O. Rios. 2018. 
Nanoencapsulation of carotenoids: a focus on different delivery systems and 
evaluation parameters. J. Food Sci. Tech. 55: 3851 - 3860. 

Saracila, M., T. D. Panaite, C. P. Papuc, and R. D. Criste. 2021. Heat stress in 
broiler chickens and the effect of dietary polyphenols, with special reference 
to 2illow (Salix spp.) bark supplements—A review. Antioxid. 10(5): 686. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



259 
 

Sarmento, B., D. Ferreira, F. Veiga, and A. Ribero. 2006. Characterization of 
insulin-loaded alginate nanoparticles produced by ionotropic pre-gelation 
through DSC and FTIR studies. Carbohydr. Polym. 66(1): 1 - 7. 

Scanes, C.G., and K. Pierzchala-Koziec. 2014. Biology of the gastro-intestinal tract 
in poultry. Avian Biol. Res. 7: 193 - 222. 

Sedgh-Gooya, S., A. Mohebbifar, M. Torki, L. S. Baghshah, and A. Kamyab. 2024. 
Effects of various levels of metabolizable energy in pre-starter diets of broiler 
chickens on growth performance. J. Poult. Sci. Avian Dis. 2: 8 - 12. 

Selaledi, L. A., Z. M. Hassan, T. G. Manyelo, and M. Mabelebele. 2020. The current 
status of the alternative use to antibiotics in poultry production: An African 
perspective. Antibiotics. 9: 1 - 18. 

Selle, P. H., and S. H. Liu. 2019. The relevance of starch and protein digestive 
dynamics in poultry. J. Appl. Poult. Res. 28: 531 - 545. 

Sethunga, M., S. C. Rangani, I. Munaweera, and K. K. D. S. Ranaweera. 2025. 
Hybrid nanoencapsulation systems: integrating natural polymers with 
synthetic nanomaterials for enhanced delivery of bioactive compounds in 
functional foods. Nanoscale Adv. 7: 7867 - 7890. 

Severino, R., G, Ferrari, K. D. Vu, F. Donsì, S. Salmieri, and M. Lacroix. 2015. 

Antimicrobial effects of modified chitosan based coating containing 

nanoemulsion of essential oils, modified atmosphere packaging and gamma 

irradiation against Escherichia coli O157: H7 and Salmonella Typhimurium on 

green beans. Food control. 50: 215 - 222. 

Shalihin, M. I., A. Khatib, H. Yusnaidar, I. L. Tarigan, and M. Latief. 2024. An in-
vogue plant, Peronema canescens Jack: traditional uses and scientific 
evidence of its bioactivities. Discov. Plants. 1(1): 58.  

Shang, H., S. Kumar, B. Oakley, and H. K. Kim. 2018. Chicken gut microbiota: 
Importance and detection technology. Front Vet. Sci. 5: 254. 

Shani, M. A., and M. Irani. 2024. Feeding strategy and prebiotic supplementation: 
Effects on immune responses and gut health in the early life stage of broiler 
chickens. Res. Vet. Sci. 171.  

Sharif, H. R., S. M. Hosseini, M. R. Khosravi-Darani, and M. Yousefi. 2021. Ionic 
gelation synthesis of chitosan nanoparticles and evaluation of their stability 
and encapsulation efficiency. Carbohydr. Polym. 256: 117519. 

Shchukina, E. M., M. Graham, Z. Zheng, and D. G. Shchukin. 2018. 
Nanoencapsulation of phase change materials for advanced thermal energy 
storage systems. Chem. Soc. Rev. 47(11): 4156 - 4175.  

Shen, M. M., L. L. Zhang, H. N. Chen, H. H. Zhang, H. L. Han, H. Niu, J. T. He, H. 
L. Zhang, H.F. Cheng, and T. Wang. 2019. Effects of bamboo leaf extract on 
growth performance, meat quality, and meat oxidative stability in broiler 
chickens. Poult. Sci. 98: 6787 - 6796.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



260 
 

Singh, B. K., S. Tiwari, A. Maurya, S. Das, V. K. Singh, and N. K. Dubey. 2023. 
Chitosan-based nanoencapsulation of Ocimum americanum essential oil as 
safe green preservative against fungi infesting stored millets, aflatoxin B1 
contamination, and lipid peroxidation. Food Bioprocess Technol. 16(8): 1851 
- 1872. 

Sinkalu, V. O., J. O. Ayo, J. O. Hambolu, A. B. Adelaiye, F. O. Zakari, and T. 
Aluwong. 2020. Changes in feed consumption and water intake among broiler 
chickens subjected to melatonin treatment during the hot-dry season. Trop. 
Anim. Health Prod. 52: 717 - 723.  

Slobodníková, L., S. Fialová, K. Rendeková, J. Kováč, and P. Mučaji. 2016. 
Antibiofilm activity of plant polyphenols. Mol. 21(12): 1717. 

Smulikowska, S., A. Mieczkowska, J. Czerwinski, D. Weremko, and C. V. Nguyen. 
2006. Effects of exogenous phytase in chickens fed diets with differently 
processed rapeseed expeller cakes. J. Anim. Feed Sci. 15(2): 237. 

Sobeh, M., M. F. Mahmoud, M. A. Abdelfattah, H. A. El-Beshbishy, A. M. El-Shazly, 
and M. Wink. 2017. Hepatoprotective and hypoglycemic effects of a tannin-
rich extract from Ximenia americana var. caffra root. Phytomedicine. 33: 36 - 
42. 

Sokołowicz, Z., J. Krawczyk, and S. Świątkiewicz. 2016. Quality of poultry meat 
from native chicken Breeds - A Review. Ann. Anim. Sci. 16: 347 - 368. 

Soleymanfallah, S., Z. Khoshkhoo, S. E. Hosseini, dan M. H. Azizi. 2022. 
Preparation, physical properties, and evaluation of antioxidant capacity of 
aqueous grape extract loaded in chitosan-TPP nanoparticles. Food Sci. Nutr. 
10(10): 3272 - 81.  

Song, J., Z. Lv, and Y. Guo. 2025. Research advances in intramuscular fat 
deposition and chicken meat quality: genetics and nutrition. J. Anim. Sci. 
Biotechnol. 16(1): 100. 

Spínola, M. P., M. M. Costa, J. M. Pestana, J. I. Ferreira, A. M. Fontes, A. R. 
Mendes, M.P. Mourato, M. M. Lordelo, and J. A. M. Prates. 2025. Sustainable 
enhancement of broiler chicken meat quality using extruded Limnospira 
platensis supplemented with super-dosed enzymes. LWT. 215: 117317. 

Sristi, P. R., N. R. Das, A. Akhter, N. M. Kaniya, and M. A. Hashem. 2025. Relation 
among meat pH, color and tenderness: a review. Meat Res. 5(3). 

Stanley, D., R. J. Hughes, and R. J. Moore. 2014. Microbiota of the chicken 
gastrointestinal tract: influence on health, productivity and disease. Appl. 
Microbiol. Biotechnol. 98(10): 4301 - 4310. 

Starčević, K., L. Krstulović, D. Brozić, M. Maurić, Z. Stojević, Ž. Mikulec. 2015. 
Production performance, meat composition and oxidative susceptibility in 
broiler chicken fed with different phenolic compounds. J. Sci. Food Agric. 
95(6): 1172 - 1178. 

Sugiharto, S. 2016. Role of nutraceuticals in gut health and growth performance of 
poultry. J. Saudi Soc. Agric. Sci. 15: 99 - 111.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



261 
 

Sugiharto, S. 2022. Potential benefits of plant-derived products on broiler meat 
characteristics - a short review. J. Sain. Peternak. Indones. 17: 29 - 43.  

Sugiharto, S., and C. Nuengjamnong. 2025. An update review on the use of agro-
industrial byproducts on carcass and meat quality of broiler chickens. Discov. 
Food. 5(1): 203. 

Sugiharto, S., H. Zulpa, I. Agusetyaningsih, E. Widiastuti, H.I. Wahyuni, T. 
Yudiarti, and T. A. Sartono. 2024. Physiological responses and intestinal 
conditions of broiler chickens treated with encapsulated Acalypha australis L. 
leaf extract and chitosan. Vet. World. 17: 994 - 1000. 

Sugiharto, S., I. Agusetyaningsih, E. Widiastuti, H. I. Wahyuni, T. Yudiarti, and T. 
A. Sartono. 2022. Germinated papaya seed alone or in combination with 
chitosan on growth, health and meat quality of broilers during grower period. 
Vet. Anim. Sci. 18: 100273. 

Sun, X. B., J. C. Huang, T. T. Li, Y. Ang, X. L. Xu, and M. Huang, M. 2019. Effects 
of preslaughter shackling on postmortem glycolysis, meat quality, changes of 
water distribution, and protein structures of broiler breast meat. Poult. 
Sci. 98(9): 4212 - 4220. 

Sundari., Zuprizal, T. Yuwanta, and R, Martien. 2014. Effect of nanocapsule level 
on broiler performance and fat deposition. Int. J. Poult. Sci. 13: 31 - 35.  

Sureshkumar, S., H. C. Lee, S. Lee, S. K. Jung, D. Kim, K. B. Oh, H. Yang, H. J. 
Jo, S. Lee, and S.J. Byun. 2022. Preliminary study to investigate the effect of 
Lactobacillus reuteri administration on growth performance, immunological, 
gut microbiome and intestinal mucosa of chicken. Braz. J. Poult. Sci. 23(04): 
eRBCA - 2022. 

Suryani, A. E., K. Nisa, S. Handayani, C. Darsih, H. Wuryastuty, and Y. 
Yanuartono. 2025. The UHPLC-HRMS profiling, in vitro-antioxidant and 
pancreatic lipase inhibitory activities of Peronema canescens leaves extract 
and fractions from Indonesia. J. Appl. Pharm. Sci. 15(5): 075 - 089. 

Svihus, B. 2014. Function of the digestive system. J. Appl. Poultry. Res. 23: 306 
- 314.  

Sweeney, T., H. Meredith, S. Vigors, M. J. McDonnell, M. Ryan, K. Thornton, and 
J. V. O’Doherty. 2017. Extracts of laminarin and laminarin/fucoidan from the 
marine macroalgal species Laminaria digitata improved growth rate and 
intestinal structure in young chicks, but does not influence Campylobacter 
jejuni colonisation. Anim. Feed. Sci. Technol. 232: 71 - 79. 

Syofyan, S., A. Almahdy, F. Rachmaini, and D. Dillasamola. 2024. The 
immunostimulatory effects of Peronema canescens Jack leaves extract in 
Mus musculus L. using the carbon clearance method. Tropical J. 
Nat. Prod.Res. 8: 6503 - 6507.  

Syofyan, S., A. Wulandari, Y. Alen, S. Diliarosta, H. Kurniawan, N. Noverial, P. P. 
Putra, dan D. Dillasamola. 2023. Effects of ethanol extract of sungkai 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



262 
 

(Peronema canescens Jack.) on fertility of female wistar mice (Mus musculus 
L.). Trop. J. Nat. Prod. Res. 7(5): 2863 - 2866. 

Taheri, A., and S. M. Jafari. 2019. Gum-based nanocarriers for the protection and 

delivery of food bioactive compounds. Adv. Colloid Interface Sci. 269: 277 - 

295. 

Tahir, M., A. P. Damayanti, and M. Teguh. 2025. Evaluation of the use of eugenol 

clove leaf essential oil as a feed additive for abdominal fat and meat 

cholesterol in broiler chicken. Indones. J. Anim. Agric. Sci. 7(3): 108–116. 

Takma D. K., S. Bozkurt, M. Koç, F. Korel, and H. S. Nadeem. 2023. 
Characterization and encapsulation efficiency of zein nanoparticles loaded 
with chestnut fruit shell, cedar and sweetgum bark extracts. Food Hydrocoll. 
Health. 4: 100151. 

Tamer, T. M., K. Valachová, M. S. Mohyeldin, and L. Soltes. 2016. Free radical 
scavenger activity of chitosan and its aminated derivative. J. Appl. Pharm. 
Sci. 6(4): 195 - 201. 

Tamfu, A. N., O. Ceylan, G. Cârâc, E. Talla, and R. M. Dinica. 2022. Antibiofilm 
and anti-quorum sensing potential of cycloartane-type triterpene acids from 
cameroonian grassland propolis: phenolic profile and antioxidant activity of 
crude extract. Mol. 27(15): 4872. 

Tamiru, M., S. Ashagrie, A. Alkhtib, M. Getachew, S. Demeke, H. Hassen, Z. 
Worku, and E. Burton. 2020. Performance of broilers and layers 
supplemented with Moringa stenopetala leaf meal under hot humid tropical 
conditions. Anim. Prod. Sci. 60: 1987 - 1994.  

Tan, Z., B. Halter, D. Liu, E. R. Gilbert, and M. A. Cline. 2022. Dietary flavonoids 
as modulators of lipid metabolism in poultry. Front. Physiol. 13: 863860. 

Tang, H., W. Huang, and Y. F. Yao. 2023. The metabolites of lactic acid bacteria: 
classification, biosynthesis and modulation of gut microbiota. Microb. Cell. 
10(3): 49. 

Tang, Y., W. Liu, J. Zhang, B. Juan, Y. Zhu, L. Zhu. 2025. Advances in intestinal-
targeted release of phenolic compounds. Nutrients 17(16): 2598. 

Tarigan, I. L., I. P. S Aini, and M. Latief. 2022. Isolation of a flavone apigenin and 
a steroids squalene from Peronema canescens Jack leaves with anti-
inflammatory activities. Pharmacogn. Mag. 14(6): 744 - 752. 

Taurina, W., and M. Andrie. 2025. Nanoencapsulation of chitosan-ethanol extract 
of red bulb leaves (Eleutherine americana Merr.) using the ionic gelation 
method. Int. J. Appl. Pharm. 17(1): 209–215. 

Teirlynck, E., M. D. E. Gussem, J. Dewulf, F. Haesebrouck, R. Ducatelle, and F. 
van Immerseel. 2011. Morphometric evaluation of “dysbacteriosis” in broilers. 
Avian Pathol. 40: 139 - 144. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



263 
 

Thakur, V., A. Uniyal, and V. Tiwari. 2021. A comprehensive review on 
pharmacology of efflux pumps and their inhibitors in antibiotic resistance. Eur. 
J. Pharmacol. 903: 174151. 

Thema, K., V. Mlambo, N. Snyman, and C. M. Mnisi. 2019. Evaluating alternatives 
to zinc-bacitracin antibiotic growth promoter in broilers: Physiological and 
meat quality responses. Anim. 9(12): 1160. 

Thiam, M., Q. Wang, A. L. B. Sánchez, J. Zhang, M. Zheng, J. Wen, and G. Zhao. 
2021. Association of heterophil/lymphocyte ratio with intestinal barrier function 
and immune response to Salmonella enteritidis infection in chicken. Anim. 
11(12): 3498. 

Torok, V. A., R. J. Hughes, L. L Mikkelsen., R. Perez-Maldonado, K. Balding., R. 
MacAlpine, N. J. Percy, and Ophel-Keller, K. 2011. Identification and 
characterization of potential performance-related gut microbiotas in broiler 
chickens across various feeding trials. Appl. Environ. Microbiol. 77(17): 5868 
- 5878. 

Tufarelli, V., L. Passantino, R. Zupa, P. Crupi, and V. Laudadio. 2022. Suitability 
of dried olive pulp in slow-growing broilers: Performance, meat quality, 
oxidation products, and intestinal mucosa features. Poult. Sci. 101(12): 
102230. 

Tulasi, R., T. Srilatha, G. Srinivas, N. Nalini Kumari, A. Vijaya Kumar, and R. 
Supriya. 2025. The effect of dietary supplementation of thyme and garlic 
essential oils on meat quality, storage stability and sensory properties in 
commercial broilers. Vet. Arhiv. 95(1): 61 - 74. 

Tůmová, E., and A. Teimouri. 2009. Chicken muscle fibres characteristics and 
meat quality: a review. Sci. Agric. Bohem. 40(4): 253 - 258. 

Tůmová, E., and A. Teimouri. 2010. Fat deposition in the broiler chicken: A 
review. Sci. Agric. Bohem. 41(2): 121–128. 

Tupuna, D. S., K. Paese, S. S. Guterres, A. Jablonski, S. H. Flôres, and A. de 
Oliveira Rios. 2018. Encapsulation efficiency and thermal stability of norbixin 
microencapsulated by spray-drying using different combinations of wall 
materials. Ind. crops prod. 111: 846 - 855. 

Uehara, A., M. Maekawa, and K. Nakagawa. 2023. Enhanced intestinal barrier 
function as the mechanism of antibiotic growth promoters in feed additives. 
Biosci. Biotechnol. Biochem. 87(11): 1381 - 1392.  

Ugurlu, A., A. K. Yagci, S. Ulusoy, B. Aksu, and G. Bosgelmez-Tinaz. 2016. 
Phenolic compounds affect production of pyocyanin, swarming motility and 
biofilm formation of Pseudomonas aeruginosa. Asian Pac. J. Trop. Biomed. 
6(8): 698–701. 

Vahidmoghadam, F., R. Pourahmad, A. Mortazavi, D. Davoodi, and R. 
Azizinezhad. 2019. Characteristics of freeze-dried nanoencapsulated fish oil 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



264 
 

with whey protein concentrate and gum arabic as wall materials. Food Sci. 
Tech. 39: 475 - 481. 

Valenta, J., D. Chodová, E. Tůmová, and M. Ketta. 2022. Carcass characteristics 
and breast meat quality in fast-, medium- and slow-growing chickens. Czech 
J. Anim. Sci. 67: 286 - 294.  

van der Sluis, M., L. Asher, T. B. Rodenburg, H. de Haas, B. de Klerk, and E. D. 
Ellen. 2022. Early locomotor activity in broilers and the relationship with body 
weight gain. Poult. Sci. 101(10): 102086. 

Vasconcelos, N. G., J. Croda, and S. Simionatto. 2020. Antibacterial mechanisms 
of plant phenolic compounds against biofilm-forming bacteria. Front. 
Microbiol. 11: 599959. 

Venardou, B., J. V. O'Doherty, S. Vigors, C. J. O'Shea, E. J. Burton, M. T. Ryan, 
and T. Sweeney, 2021. Effects of dietary supplementation with a laminarin-
rich extract on the growth performance and gastrointestinal health in broilers. 
Poult. Sci. 100(7): 101179. 

Vieira, S.F., R. L. Reis, H. Ferreira, and N. M. Neves. 2025. Plant-derived bioactive 
compounds as key players in the modulation of immune-related conditions. 
Phytochem. Rev. 24: 343 - 460.  

Villanueva, X., L. Zhen, J. N. Ares, T. Vackier, H. Lange, C. Crestini, and H. P. 

Steenackers. 2023. Effect of chemical modifications of tannins on their 

antimicrobial and antibiofilm effect against Gram-negative and Gram-positive 

bacteria. Front. Microbiol. 13: 987164. 

Villegas-Cayllahua, E. A., J. L. M. de Mello, D. R. Dutra, R. F. de Oliveira, É. N. F. 
Cavalcanti, M. R. Pereira, F. B. Ferrari, R.A. de Souza, N. M. G. M. Carneiro, 
H. de A. Fidelis, A. Giampietro-Ganeco, P. A. de Souza, and H. Borba. 2023. 
Effect of freezing on the quality of breast meat from broilers affected by 
wooden breast myopathy. Poult. Sci. 102(8): 102702. 

Vrdoljak, A., M. Halas, and T. Süli. 2018. Efficacy of live attenuated vaccines 
against newcastle disease in commercial broilers. J. Vet. Med. Res. 5(2): 
1123. 

Waghmare, S., M. Gupta, , K. B. Bahiram, J. P. Korde, R. Bhat, Y. Datar, P. Rajora, 
M. M. Kadam, M. Kaore, N. V. Kurkure. 2025. Effects of organic acid blends 
on growth performance, intestinal morphology, microbiota, and serum lipid 
parameters of broiler chickens. Poult. Sci. 104(1). doi: 
10.1016/j.psj.2024.104546. 

Wang, C., D. Chen, S. Wu, H. Zhou, X. Chen, Q. Zhang, and L. Wang. 2024a. 
Dietary supplementation with Neolamarckia cadamba leaf extract improves 
broiler meat quality by enhancing antioxidant capacity and regulating 
metabolites. Anim Nutr. 17: 358 - 372. 

Wang, H., X. Ni, X. Qing, D. Zeng, M. Luo, L. Liu, Y. Li, X. Wang, and B. Jing. 
2017. Live probiotic Lactobacillus johnsonii BS15 promotes growth 
performance and lowers fat deposition by improving lipid metabolism, 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



265 
 

intestinal development, and gut microflora in broilers. Front. Microbiol. 8: 
1073. 

Wang, J., H. Wu, T. Zhou, H. Feng, and L. A. Li. 2025. Common factors and 
nutrients affecting intestinal villus height-A review. Anim. Biosci. 38: 1557 -
1569.  

Wang, R. H., R. R. Liang, H. Lin, L. X. Zhu, H. M. Zhang, H. H. Mao, P. C. Dong, 
L. B. Niu, M. H. Zhang, and X. Luo. 2017. Effect of acute heat stress and 
slaughter processing on poultry meat quality and postmortem carbohydrate 
metabolism. Poult. Sci. 96: 738 - 746. 

Wang, R., F. Guo, J. Zhao, and C. Feng. 2024b. Myofibril degradation and 
structural changes in myofibrillar proteins of porcine longissimus muscles 
during frozen storage. Food Chem 435. 

Wang, S., J. Yao, B. O. Zhou, J. Yang, M. T. Chaudry, M. I. Wang, F. Xiao, Y. Li, 
and W. Yin. 2018. Bacteriostatic effect of quercetin as an antibiotic alternative 
in vivo and its antibacterial mechanism in vitro. J. Food Protect. 81(1): 68 - 78. 

Wang, Y., Mo, Y., Sun, Y., Li, J., An, Y., Feng, N., Liu, Y. 2024. Intestinal 
nanoparticle delivery and cellular response: a review of bidirectional 
nanoparticle-cell interplay in mucosa based on physicochemical properties. J. 
Nanobiotechnol. 22(1): 669. 

Wang, Z., T. Xing, L. Zhang, L. Zhao, and F. Gao. 2024c. Dynamic changes of 
protein lactylation and their correlations with the glycolytic process during the 
postmortem acidification of broiler breast. Poult. Sci. 103(12): 104354. 

Wani K.M. and R. V. S Uppaluri. 2023. Efficacy of ionic gelation-based 
encapsulation of bioactives from papaya leaf extract: characterization and 
storage stability. Biomass Convers. Biorefin. 14: 19911 - 19928. 

Warner, R. D., P. L. Greenwood, D. W. Pethick, and D. M. Ferguson, D. M. 2010. 
Genetic and environmental effects on meat quality. Meat Sci. 86(1): 171 - 183. 

Wei, S., M. Morrison, and Z. Yu. 2013. Bacterial census of poultry intestinal 
microbiome. Poult. Sci. 92(3): 671 - 683. 

Wen, C., H. Yan, C. Sun, C. Ji, Q. Zhou, D. Zhang, J. Zheng, and N. Yang. 2019. 
The gut microbiota is largely independent of host genetics in regulating fat 
deposition in chickens. ISME J. 13(6): 1422 - 1436. 

Wen, C., Tang, J., Cao, L., Fan, M., Lin, X., Liu, G., Xu, X. 2025. Strategic 
approaches for co-encapsulation of bioactive compounds: technological 
advances and mechanistic insight. Foods 14(12): 2024. 

Weng, K., H. Huo, H. Li, H. Zhang, H. Zhang, G. Chen, and Q. Xu. 2022. Fiber 
characteristics and meat quality of different muscular tissues from slow- and 
fast-growing broilers. Poult. Sci. 101(1): 101537.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



266 
 

Wickramasuriya, S.S., I. Park, K. Lee, H. Lee, H.H. Kim, H. Nam, and H.S. Lillehoj. 
2022. Role of physiology, immunity, microbiota, and infectious diseases in the 
gut health of poultry. Vaccines. 10(2): 172. 

Wiktorowska-Owczarek, A., M. Berezinska, J. Z. Nowak. 2015. PUFAs: structures, 
metabolism and functions. Adv. Clin. Exp. Med. 24(6): 931 - 941. 

Wongsa, P., P. Phatikulrungsun, and S. Prathumthong. 2022. FT-IR 
characteristics, phenolic profiles and inhibitory potential against digestive 
enzymes of 25 herbal infusions. Sci. Rep. 12(1): 6631. 

Wu, Y., M. Chen, and Z. Xu. 2022. Antibacterial and antibiofilm effects of phenolic 
compounds from medicinal plants. Phytother. Res. 36(3): 1335 - 1348. 

Xin, X., Z. Gou, Y. Wang, L. Li, Q. Fan, F. Ding, and S. Jiang. 2020. Effects of 
dietary iron level on growth performance, immune organ indices, and meat 
quality in Chinese yellow broilers. Animals. 10(4): 670. 

Yadav, S., J. U. N. Liu, S. J. Shire, and D. S. Kalonia. 2010. Specific interactions 
in high concentration antibody solutions resulting in high viscosity. J. Pharm. 
Sci. 99(3): 1152 - 1168. 

Yahya, R., S.A. Sulaiman, and S.H. Gan. 2023. Nanoencapsulation of plant 
bioactives: Enhancing antibacterial and antibiofilm activities. Colloids Surf. B 
Biointerfaces. 220: 113053. 

Yang, B., Dong, Y., Wang, F., Zhang, Y. 2020. Nanoformulations to enhance the 
bioavailability and physiological functions of polyphenols. Mol. 25(20): 4613. 

Yang, C., H. M. Kennes, D. Lepp, X. Yin, Q. Wang, H. Yu, C. Yang, J. Gong, and 
M. S. Diarra. 2020. Effects of encapsulated cinnamaldehyde and citral on the 
performance and cecal microbiota of broilers vaccinated or not vaccinated 
against coccidiosis. Poult. Sci. 99: 936 - 948.  

Yang, C., M. S. Diarra, J. Choi, A. Rodas-Gonzalez, D. Lepp, S. Liu, P. Lu, M. 
Mogire, J. Gong, Q. Wang, and C. Yang. 2021. Effects of encapsulated 
cinnamaldehyde on growth performance, intestinal digestive and absorptive 
functions, meat quality and gut microbiota in broiler chickens. Transl. Anim. 
Sci. 5(3): txab099. 

Yang, F., H. Zhu, X. Li, F. Xiang, M. Deng, H. Zhang, H. Song, H. Sun, and C. 
Tang. 2023. Identification of protein–phenol adducts in meat proteins: a 
molecular probe technology study. Foods 12(23): 4225.  

Yang, H., L. l. Zhao, H. X. Shao, X. D. Liao, L. H. Zhang, and X. G. LUO. 2019. 
Effects of dietary graded levels of cinnamon essential oil and its combination 
with bamboo leaf flavonoid on immune function, antioxidative ability, and 
intestinal microbiota of broilers. J. Integr. Agric 18: 2123 - 2132.  

Yang, H., P. A. Iji, and M. Choct. 2009. Dietary modulation of gut microflora in 
broiler chickens: A review of the role of six kinds of alternatives to in-feed 
antibiotics. World's Poult. Sci. J. 65: 97 - 114.  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



267 
 

Yani, A. P and A. M. H. Putranto. 2014. Examination of the sungkai’s young leaf 
extract (Peronema canescens) as an antipiretic, immunity, antiplasmodium 
and teratogenity in mice (Mus.muculus). Int. J. Eng. Sci. 7(1): 30 - 34.  

Yani, D. F., M. Faturrizqi, P. Rahayu, dan O. I. Parawansya. 2023. Skrining 
fitokimia dan uji sun protection factor (SPF) ekstrak daun sungkai (Peronema 
canescens Jack) secara In Vitro. Fullerene Journal of Chemistry. 8(2): 32 - 
37.  

Yasmin, S., M. S. Yousaf, K.A. Majeed, M.A. Rashid, S.K. Tahir, M. Numan, R. 
Mustafa, S.I. Nagra, H. Zaneb, and H. Rehman. 2021. Dietary Catharanthus 
roseus modulates intestinal microarchitecture in broilers. S. Afr. J. Anim. Sci. 
51: 488 - 496. 

Yeoman, C. J., N. Chia, P. Jeraldo, M. Sipos, N. D. Goldenfeld, and B. A. White. 
2012. The microbiome of the chicken gastrointestinal tract. Anim. Health Res. 
Rev.13(1): 89 - 99. 

Yin, C., L. Cheng, X. Zhang, and Z. Wu. 2020. Nanotechnology improves delivery 
efficiency and bioavailability of tea polyphenols. J. Food Biochem. 44(9): 
e13380. 

Yolandari, F. O., R. Djamil, and C. Chaidir. 2025. Ethnopharmacological study on 
traditional medicinal plants of the Anak Dalam tribe in Bukit Dua Belas, Jambi 
Province as a treatment for diarrhea and antibacterial test. Sci. 
Midwifery 13(2): 508 - 518. 

Younis, Z. T., and F. A. Isihak. 2025. Immunological assessment and homogeneity 
of commercial inactivated bivalent Newcastle and avian influenza H9N2 
vaccines in broilers. Iraqi J. Vet. Sci. 39: 501 - 510. 

Yousefi, M., N. Khorshidian, A. M. Mortazavian, and K. Khosravi-Darani. 2019. 
Preparation optimization and characterization of chitosan-tripolyphosphate 
microcapsules for the encapsulation of herbal galactagogue 
extract. Int. J. Biol. Macromol. 140: 920 - 928. 

Yue, T., Y. Lu, W. Ding, B. Xu, C. Zhang, L. Li. 2025. The role of probiotics, 
prebiotics, synbiotics, and postbiotics in livestock and poultry gut health: a 
review. Metabolites 15(7): 478. 

Yuyama, K.T., M. Rohde, G. Molinari, M. Stadler, and W.R. Abraham. 2020. 
Unsaturated fatty acids control biofilm formation of Staphylococcus aureus 
and other gram-positive bacteria. Antibiotics. 9(11): 788. 

Zamanizadeh, A., Mirakzehi, M. T., Agah, M. J., Saleh, H., Baranzehi, T. 2021. A 
comparison of two probiotics Aspergillus oryzae and Saccharomyces 
cerevisiae on productive performance, egg quality, small intestinal 
morphology, and gene expression in laying Japanese quail. Ital. J. Anim. Sci. 
20(1): 232 - 242.  

Zampiga, M., F. Calini, and F. Sirri. 2021. Importance of feed efficiency for 
sustainable intensification of chicken meat production: implications and role 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



268 
 

for amino acids, feed enzymes and organic trace minerals. World's Poult. Sci. 
J. 77: 639 - 659.  

Zhang, A., H. Lai, J. Xu, H. Huang, H. Liu, D. Zhao, and R. Chen. 2017. Evaluation 
of the protective efficacy of poly I:C as an adjuvant for H9N2 subtype avian 
influenza inactivated vaccine and its mechanism of action in ducks. PLoS 
One. 12(1): e0170681. 

Zhang, H., M. Su, Y. Zhang, Q. Feng, Y. Liu, Z. Zeng. 2025. Current status and 
future prospects on nanodelivery systems targeting the small intestine for 
absorption of bioactive substances. Foods 14(18): 3234. 

Zhang, H., T. Wang, F. He, and G. Chen. 2021. Fabrication of pea protein-
curcumin nanocomplexes via microfluidization for improved solubility, nano-
dispersibility and heat stability of curcumin: Insight on interaction mechanisms. 
Int. J. Biol. Macromol. 168: 686 - 694. 

Zhang, H., X. Fu, L. Wang, X. Guo, and B. Dong. 2023. Sorption of phenols and 
flavonoids on activated charcoal improves protein metabolism, antioxidant 
status, immunity, and intestinal morphology in broilers. Front Vet. Sci. 10: 
1327455. 

Zhang, J. S., J. P. Lei, G. Q. Wei, H. Chen, C. Y. Ma, and H. Z. Jiang. 2016. Natural 
fatty acid synthase inhibitors as potent therapeutic agents for cancers: A 
review. Pharm. Biol. 54(9): 1919–1925. 

Zhang, J., J. Wang, Q. Wang, H. X. Cui, J. Q. Ding, Z. X. Wang, M. Thiam, Q. The 
Li, and G. P. Zhao. 2023. Immunogenetic basis of chicken’s heterophil to 
lymphocyte ratio revealed by genome-wide indel variants analysis. J. Integr. 
Agric. 22: 2810 - 2823.  

Zhang, M., W. Yan, D. Wang, and W. Xu. 2020. Effect of myoglobin, hemin, and 
ferric iron on quality of chicken breast meat. Anim. Biosci. 34(8): 1382. 

Zhang, P., H. Zhang, Q. Lv, J. Wang, Z. V. Tsoy, and C. Fang. 2025. Impact of 
dietary ginseng stem leaf extract on intestinal barrier function, gut microbiota 
and short-chain fatty acid metabolism in broilers. J. Appl. Anim. Res. 53(1): 
2439134. 

Zhang, Y., Z. Lin, L. Wang, X. Guo, Z. Hao, Z. Li, S. Zhang, and B. Dong. 2022. 
Cooperative interaction of phenolic acids and flavonoids contained in 
activated charcoal with herb extracts, involving cholesterol, bile acid, and 
FXR/PXR activation in broilers fed mycotoxin-containing diets. Antioxidants. 
11(11): 2200. 

Zhao, L., S. Liu, Z. Zhang, J. Zhang, X. Jin, J. Zhang, H. Jiang, H. Li, H. Lin. 2020. 
Low and high concentrations of butyrate regulate fat accumulation in chicken 
adipocytes via different mechanisms. Adipocyte. 9(1): 120 - 131. 

Zhao, X., M. Zhang, J. Liu, and S. Sun. 2021. Role of quorum sensing and related 
signaling molecules in Salmonella biofilm formation and virulence. 
Microorganisms. 9(3): 534. 

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



269 
 

Zhao, Y., Y. Wang, F. Ran, Y. Cui, C. Liu, Q. Zhao, Y. Gao, D. Wang, and S. Wang. 
2017. A comparison between sphere and rod nanoparticles regarding their in 
vivo biological behavior and pharmacokinetics. Sci. Rep. 7(1): 4131.  

Zhijing, L., X. Cong, T. Ran, W. Wang., J. Ma., L. Gu., F. Liu., Z. Jiang, dan J. Hou. 
2021. Screening beneficial bacteriostatic lactic acid bacteria in the intestine 
and studies of bacteriostatic substances. J. Zhejiang Univ. Sci. 22(7): 533. 

Zhu, Q., P. Sun, B. Zhang, L. L. Kong, C. Xiao, and Z. Song. 2021. Progress on 
gut health maintenance and antibiotic alternatives in broiler chicken 
production. Front. Nutr. 8: 1-10.  

Zulpa, H., I. Agusetyaningsih, E. Wdiastuti, H. I. Wahyuni, T. Yudiarti, T. A. 
Sartono, and Sugiharto. 2025. Synergistic work of encapsulated Acalypha 
australis L. leaf extracts and chitosan in improving production performance of 
broilers. Agric. Conspec. Sci. 90(2): 143 - 150. 

  

Efikasi Nanoenkapsulasi Ekstrak Daun Sungkai (Peronema canescens Jack) sebagai Aditif  Pakan
Alami
Ayam Broiler
Bella Putri Maharani, Prof. Zuprizal, Dr. Ir., DEA., IPU., ASEAN Eng.;Ir. Nanung Danar Dono, S.Pt., MP., Ph.D., IPM., ASEAN Eng.;drh. Bambang Ariyadi, MP., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/


	DAFTAR PUSTAKA

