
 

 

Evaluation of The Phytochemical Composition and Antimicrobial Properties of 1 

Centella asiatica Leaf Meal Extract as a Feed Additive Candidate for Poultry 2 

ABSTRACT 3 

The objective of this study was to assess the phytochemical composition of 4 

Centella asiatica leaf meal by analyzing the type of solvent used and the duration of the 5 

extraction process. In addition, it assessed the effectiveness of Centella asiatica leaf meal 6 

extract as a potential antibacterial agent when added to poultry feed. The study was 7 

conducted in two phases. The initial phase employed a fully randomized design featuring 8 

a 2 x 5 factorial design and three replications. Factor X denoted the solvent used, which 9 

included ordinary distilled water and distilled water heated to 100oC. Factor Y signified 10 

the duration of the extraction process, ranging from 15 to 75 minutes in 15-minute 11 

increments. In the second stage the in vitro antibacterial test was carried out using the 12 

most effective extract of Centella asiatica leaf meal as determined in the first stage. The 13 

parameters consist of: total phenolic content, total flavonoid content, total tannin content, 14 

total antioxidant activity, Inhibition zone of Escherichia coli and Salmonella sp. The 15 

results showed a highly significant interaction (p<0.05) between the solvent type and 16 

extraction duration on the total phenolic content, flavonoid content, and antioxidant 17 

activity. However, the overall tannin concentration remained the same regardless of the 18 

solvent used or the duration of the extraction process. Moreover, the extract of Centella 19 

asiatica leaf meal extract with a concentration of 100% had a greater inhibition 20 

against Escherichia coli and Salmonella sp. bacteria compared to other concentrations. It 21 

was concluded that the best extraction method to produce phytochemical compounds 22 

from Centella asiatica leaf meal extract is heated distilled water solvent and 75 minutes 23 



 

 

of extraction time. Furthermore, Centella asiatica leaf meal extract also has potential as 24 

an antibacterial agent candidate for Poultry. 25 
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1. Introduction 28 

Antibiotic Growth Promoters (AGPs) is an antibiotic compound added to animal 29 

feed to improve growth and feed efficiency and minimize pathogenic bacteria that can 30 

harm the digestive tract. In recent years, several countries have regulated and banned the 31 

use of AGPs, although subtherapeutic doses can be given to livestock, especially poultry. 32 

In Indonesia, the ban on the use of AGPs began in 2018 due to concerns that excessive 33 

use could lead to bacterial resistance and negatively impact human health. On the other 34 

hand, banning AGPs may reduce livestock performance and health. 35 

In recent years, research has focused on identifying viable alternatives to AGPs in 36 

poultry, exploring diverse options, including herbal plants (1,2). Indonesia, as a tropical 37 

country, has a variety of plants (leaves, fruits, stems, and roots) that are rich in 38 

phytochemical compounds with anti-bacterial, antioxidant, anti-inflammatory, and anti-39 

fungal properties. Centella asiatica leaf emerges as a promising medicinal plant with 40 

significant potential as an AGPs substitute among these botanical resources. These leaves 41 

contain various phytochemical compounds, including asiaticoside, asiatic acid, 42 

madecassic acid, madecassoside (3), alkaloids, flavonoids, phenolics, saponins, and 43 

tannins (4). Centella asiatica leaves are commonly fed in the form of meal to poultry (5) 44 

with positive effects. However, there is limited information on the use of Centella aciatica 45 

leaf extracts as a poultry feed additive. Hence, this study was undertaken as a preliminary 46 



 

 

investigation to assess the phytochemical composition of Centella asiatica leaf extract, 47 

considering the solvent type and extraction duration. Additionally, the study aimed to 48 

examine its effectiveness as a potential antibacterial agent for poultry. 49 

 50 

2. Material and Methods 51 

 52 

2.1. Materials 53 

Centella asiatica leaf meal was obtained from the Centre for Research and 54 

Development of Traditional Medicinal Plants, Ministry of Health of the Republic of 55 

Indonesia.  56 

2.2. Extract preparation 57 

The procedure of extracting the meal from Centella asiatica leaves was mentioned 58 

in the study conducted by Rusli et al. (2). Centella asiatica meal (10 g) mixed with regular 59 

distilled water and heated distilled water at 100oC (100 ml). In addition, the extraction 60 

procedure was conducted using a hotplate (Thermo Scientific, USA) at a temperature of 61 

50°C for 15, 30, 45, 60, and 75 minutes. Consequently, the obtained Centella asiatica leaf 62 

meal was allowed to cool down to the ambient temperature and then passed through a 63 

filter paper (Whatman No. 1, Cytiva, China). The extracted Centella asiatica leaf meal 64 

was stored in a refrigerator for further analysis. 65 

2.3. Experimental design 66 

The first stage used a complete randomized design with a 2 x 5 factorial design 67 

with three replications. Factor X (first factor) represented the type of solvent used, which 68 

included ordinary distilled water and heated distilled water. The initial phase employed a 69 

fully randomized design incorporating a 2 x 5 factorial design with three replications. 70 



 

 

Factor X, the first factor, denoted the solvent type employed, encompassing regular and 71 

heated distilled water. Factor Y (second factor) represented the length of extraction time 72 

which ranged from 15, 30, 45, 60, and 75 minutes. The second stage consisted of in vitro 73 

antibacterial tests using the best C. asiatica leaf meal extract from the first stage. The 74 

study analyzed C. asiatica leaf meal extracts at the concentrations of 50%, 75%, and 75 

100% (undiluted) and antibiotics (tetracycline) as controls. 76 

2.4. Parameter observed 77 

There were parameters observed in this study, namely; total phenolics content, 78 

total flavonoid content, total tannin content, total antioxidant activity, anti-bacterial 79 

testing of Escherichia coli and Salmonella sp. Each parameter analyzed used the 80 

following procedures. 81 

2.4.1. Total phenolics content 82 

In the examination of total phenolic content (TPC) using the Folin-Ciocalteu 83 

method (6), a 20 µl sample extract was combined with 120 µl of a 10% (v/v) folin-84 

ciocalteu reagent in a microplate. Subsequently, it was let to remain undisturbed for a 85 

duration of 5 minutes at the ambient temperature. Following incubation, 80 µl of a 7.5% 86 

Na2CO3 solution was introduced into the mixture. The mixture was subsequently left 87 

undisturbed for 30 minutes at room temperature in the absence of light. Subsequently, the 88 

spectrophotometer (Shimadzu UV-1800, Japan) was used to detect the absorbance of the 89 

sample at a wavelength of 725 nm. 90 

2.4.2. Total flavonoid content  91 

The procedure for analyzing the total flavonoid content (TFC) was adapted from 92 

Chang et al. (7). The sample was diluted using methanol with a 1:10 g/ml ratio. Next, 1 93 

milliliter of the sample was combined with 3 milliliters of methanol, 0.2 milliliters of 2% 94 



 

 

aluminum chloride, 0.2 milliliters of 1 M glacial acetic acid, and 5.6 milliliters of distilled 95 

water. Subsequently, the combination was left undisturbed for 30 minutes, after which the 96 

absorbance was quantified using a Shimadzu UV-1800 spectrophotometer from Japan, 97 

specifically at a wavelength of 370 nm. Quercetin was used to construct a calibration 98 

curve. 99 

2.4.3. Total tannin content  100  

The total tannin content (TTC) analysis is conducted according to Kuentzel (8), 101  

which involves weighing a 1 g sample and subsequently dissolving it in 100 ml of distilled 102  

water. It was recently subjected to ultrasonic extraction for 15 minutes at ambient 103  

temperature. The precipitate was isolated using a centrifuge operating at 3000 revolutions 104  

per minute for 25 minutes, after which the solution was collected. A solution of 1 105  

milliliter was mixed with 10 milliliters of distilled water to create a diluted solution. 106  

T  specimen was subsequently examined at a wavelength of 278 nm utilizing a Shimadzu 107  

UV-1800 spectrophotometer manufactured in Japan.  108  

2.4.4. Total antioxidant activity 109  

Following the method described by Melia et al. (9), Total antioxidant activity 110 

(TAA) analysis involved combining 375 µl of 99% ethanol with 125 µl of a 0.02% DPPH 111 

solution in ethanol. Then, 500 µl of the sample was added in various quantities (25 µg/ml, 112 

50 µg/ml, 75 µg/ml, 100 µg/ml, and 125 µg/ml) to serve as a source of free radicals. The 113 

solution was left at room temperature for 30 minutes, after which the absorbance was 114 

determined at a wavelength of 517 nm using a Shimadzu UV VIS-1800 115 

spectrophotometer from Japan. 116 



 

 

2.4.5.  Anti-bacterial testing of Escherichia coli and Salmonella sp. 117 

This stage used Centella asiatica leaf meal extract with the best yields obtained 118 

from the first stage. Anti-bacterial test was carried out according to Yuniza & Yuherman 119 

(10) by inoculating Escherichia coli (106 CFU/ml) and Salmonella sp. (106 CFU/ml) into 120  

nutrient agar (NA) and incubated overnight. Then, four holes with a diameter of 5 mm 121  

were filled with 20 µl of Centella asiatica leaf meal extract and antibiotics. The extract 122  

was then diluted with different concentrations (50%, 75%, and 100%) and incubated for 123  

24 hours at 37°C with tetracycline antibiotic (0.002 g/ml) as a control. Then, it was 124  

incubated for 24 hours at 37°C. Then, the diameter of the clear zone formed was measured 125  

using ImageJ-ink software. 126  

2.5. Data analysis 127  

The first stage data were analyzed using analysis of variance. If significantly 128  

different results were found, Duncan's multiple range test was performed. Meanwhile, the 129  

second stage data were presented descriptively. 130  

 131  

3. Results  132  

3.1. Total phenolic content (TPC) 133  

There was a very significantly different interaction (P<0.01) between the type of 134  

solvent and the length of extraction time for Centella Asiatica leaf meal (Table 1). The 135  

results showed that the highest TPC was found in the X2Y5 treatment (distilled water 136  

solvent heated at 100°C for 75 minutes). 137  



 

 

3.2. Total flavonoid content (TFC) 138  

The interaction of solvent type and extraction time significantly (p<0.01) affected 139  

the TFC of leaf Centella asiatica leaf meal extract (Table 2). The best TFC of Centella 140  

asiatica leaf meal extract was obtained in a solvent with heated distilled water and an 141  

extraction time of 60 minutes (X2Y4). 142  

3.3. Total tannin content (TTC) 143  

This study showed that there was no significant interaction (P > 0.05) between 144  

solvent type and extraction time on the TTC of Centella asiatica leaf meal extract (Table 145  

3). The TTC value of Centella asiatica leaf meal extract obtained in this study ranged 146  

from 2.03 to 3.48%. 147  

3..4. Total antioxidant activity (TAA) 148  

A significant correlation was seen between the type of solvent and the duration of 149  

extraction (P<0.01) about the total antioxidant activity (TAA) of the Centella Asiatica leaf 150  

meal extract (Table 4). The treatment, including hot distilled water as a solvent 151  

(X2Y5), resulted in the greatest Total Antioxidant Activity (TAA) of 50.38% compared 152  

to the other treatments.   153  

3.5. Antibacterial activity 154  

The anti-bacterial activity of Centella asiatica leaf meal extract with different 155  

concentrations against E. coli and Salmonella sp. bacteria is illustrated in Figure 1. The 156  

results proved that Centella asiatica leaf meal extract at different concentrations has 157  

antibacterial properties. 158  



 

 

4. Discussion 159  

Indeed, TPC is influenced by factors such as solvent type and extraction time (11). 160  

The high TPC of Centella asiatica leaf in the X2Y5 treatment is because time is very 161  

important in solvent extraction for phenolic compounds, where compounds can be 162  

regulated by the equilibrium concentration for phenolic compounds achieved before the 163  

appropriate reduction. Similar to the previous study by Thoo et al. (11) reported that the 164  

optimal time to obtain phenolic compounds in M. citrifolia is 80 minutes; more than that 165  

time can reduce the yield of phenolic compounds. In addition to time, temperature also 166  

affected the flavonoid compounds obtained. X2 group with a water solvent preheated to 167  

a temperature of 100°C increased the yield of TPC. Increasing temperature favors the 168  

release of polyphenols bound in the sample by the degradation of cellular constituents of 169  

plant cells that cause cell membrane permeability (12). Kim et al. (3) stated that the higher 170  

the temperature, the higher the content of phytochemical compounds (asiaticoside and 171  

asiatic acid) obtained in Centella asiatica leaf. 172  

A previous study reported that phenolic compounds can be used as natural feed 173  

additives in laying poultry (chickens, ducks, and quail), which improve performance and 174  

egg quality, extend egg storage time, and are antioxidants (13). Meanwhile, in broilers, 175  

phenolic compounds act as growth promoters. Their antioxidant and anti-inflammatory 176  

qualities are responsible for this effect. Phenolic chemicals stimulate growth by 177  

enhancing digestive enzyme secretion, reducing harmful bacteria in the digestive tract, or 178  

influencing the gut structure  (14). 179  

The difference in optimum time between TPC and TFC is thought to be caused by 180  

differences in the degree of phenolic polymerization, phenolic solubility, and phenolic 181  

interaction with other constituents (15). Similar results were also reported by Thoo et al. 182  



 

 

(11) that there were differences in the optimum extraction time to obtain TPC and TFC 183  

of M. citrifolia extract. Citrifolia. 184  

Flavonoids have a beneficial impact on various bodily systems in broilers, 185  

including the gastrointestinal tract, cardiovascular system, immunological system, lipid 186  

metabolism, insulin release, and antioxidant activity (16). Flavonoids in laying hens 187  

can alter the composition of fatty acids and decrease the amounts of cholesterol in 188  

eggs, enhancing their nutritional quality (17). Prihambodo et al. (16) discovered that 189  

flavonoids had a positive effect on the digestive tracts of chickens. Flavonoids contain 190  

antibacterial and antioxidant abilities which greatly enhance the health and function of 191  

the small intestine, particularly in nutrient absorption. These favorable benefits include 192  

increased villous density, crypt depth, and height. Higher villus enhances intestinal 193  

surface area and nutrient absorption, while deeper crypts can rapidly regenerate intestinal 194  

villus in response to inflammation caused by pathogenic bacteria. 195  

Different results were reported by Rusli et al. (2) that total tannin content is 196  

influenced by solvent and extraction time; ordinary water extraction solvent with a 45-197  

minute extraction time produces tannin of 1.01%, while solvents using heated distilled 198  

water for 15–75 minutes can remove tannin compounds in Garcinia mangostana leaf 199  

extract. Iylia & Harisun, (18) also reported that the total tannin content of Quercus 200  

infectoria leaf extract decreased when the extraction temperature reached 100oC 201  

Feeding tannin-containing feed ingredients to poultry has both positive and 202  

negative effects. Low doses of tannins (0.12%) have no adverse impact on amino acid 203  

digestibility in the ileum, growth of broiler chickens and carcasses (19). Instead, tannins 204  

can be efficacious as antioxidants, improve gut morphology (20), and enhance mucosal 205  



 

 

immunity (21).  However, excessive doses of tannins have a negative effect on lymphoid 206  

organs, amino acid digestibility, and growth in broilers (22). It was also reported that a 207  

diet containing 0.56% (20) tannins could reduce broiler chicken growth and feed 208  

efficiency. Decreased aminopeptidase, amino acid digestibility, and metabolic energy are 209  

closely related to reduced poultry performance due to high tannin levels. 210  

Interestingly, in this study, the heated distilled water treatment and the longer time 211 

had a positive effect on antioxidant activity. Similar results were also reported by Thoo et 212  

al. (11), who found that the best antioxidant content of M. citrifolia was obtained with 213  

65oC extraction and 80 min. Perwiratami et al. (23) stated that there is a correlation 214  

between phenol value and antioxidant activity, where the higher the total phenol value, 215  

the higher the antioxidant activity, and vice versa. In this study, phenolic compounds in 216  

the X2Y5 treatment had a higher flavonoid value than the others, impacting the higher 217  

antioxidant activity. 218  

Antioxidants play a crucial role in poultry rations. Antioxidants can protect body 219  

cells from oxidative damage, improve performance (24), boost the immune system (22) 220  

and reduce heat stress. In general, the mechanism of antioxidant activity of plant bioactive 221  

compounds in the bird's body includes directly scavenging reactive oxygen species by 222  

donating electrons, increasing the activation of antioxidant enzymes such as superoxide 223  

dismutase and glutathione peroxidase, synergistic activity with other antioxidant 224  

substances (vitamins and minerals), and inhibiting pro-oxidants such as xanthine oxidase. 225  

This can be explained by the size of the clear zone formed against E. coli and 226  

Salmonella sp. E. coli and Salmonella sp. are common pathogenic bacteria often found in 227  

poultry's digestive tractcan negatively affect poultry performance and health. The 228  



 

 

Centella asiatica leaf meal extract used in this study is the best result based on the type 229  

of solvent used and extraction time (X2Y5). In this study, the ability of Centella asiatica 230  

leaf meal extract as an antibacterial agent proved to be lower than that of antibiotics 231  

(tetracycline), with inhibition zones of 9.94 mm (E. coli) and 11.75 mm (Salmonella sp). 232  

Centella asiatica leaf meal extract concentrations of 100% showed a greater inhibition 233  

zone compared to Centella asiatica leaf meal extract concentrations of 75%  and 50%. 234  

An increase in Centella asiatica leaf meal extract concentration increased the 235  

concentration of antibacterial compounds that diffused in the agar medium, resulting in a 236  

larger inhibition zone. Conversely, the decrease in inhibition zone diameter was due to 237  

the reduced effectiveness of the antibacterial compound. 238  

Phytochemical compounds attack bacteria by damaging cell membranes through 239  

reactions between phenolic compounds and cell wall phospholipids. As a result, the 240  

permeability of the cell membrane is disrupted, inhibiting mRNA function and bacterial 241  

development. Tannins are antibacterial because they inhibit microbial adhesins and 242  

enzymes, transport proteins for cell membranes, and form complexes with 243  

polysaccharides. Its lower molecular weight characteristics allow it to penetrate bacterial 244  

proteins easily (25). 245  

In Conclusion, this study shows that the best extraction to produce phytochemical 246  

compounds from Centella asiatica leaves uses a heated distilled water solvent and a time 247  

of 75 minutes. Centella asiatica also has potential as an antibacterial agent candidate for 248  

Poultry. 249  



 

 

Acknowledgements 250  

Thanks to the Directorate of Research and Innovation of IPB University for 251  

providing funding assistance for the National Collaborative Research Scheme with 252  

Contract Number 473/IT3.D10/PT.01.03/P/B/2023. 253  

Conflict Of Interest 254  

All authors declare that they have no conflicts of interest that could 255  

inappropriately influence this manuscript. 256  

Ethical approval 257  

 Ethical approval was not required since all procedures were carried out in vitro 258  

study without using experimental animals. 259  

Data Availability 260  

The data that support the findings of this study are available from the 261  

corresponding author upon reasonable request. 262  

Author Contributions 263  

RKR: Conceptualization and design the experiment, , investigation, Writing-264  

original draft, Visualization, supervision, editing, and finalization. AD: Data curation, 265  

methodology, formal analysis, Writing-original draft, and finalization. CH: Investigation, 266  

supervision, Review and editing, and finalization. RK: Review and editing, and 267  

finalization. 268  

References 269  

1. Hidayat C, Sumiati S, Jayanegara A, Wina E. Supplementation of Dietary Nano 270  

Zn-Phytogenic on Performance, Antioxidant Activity, and Population of Intestinal 271  

Pathogenic Bacteria in Broiler Chickens. Tropical Animal Science Journal. 2021 272  

Mar 9;44(1):90–9.  273  

2. Rusli R, Mahata M, Yuniza A, Zurmiati, Reski S, Hidayat C, et al. Optimization 274  

of Solvent and Extraction Time on Secondary Metabolite Content of Mangosteen 275  



 

 

Leaf (Garcinia mangostna L.) as a Feed Additive Candidate on Poultry. J Adv Vet 276  

Anim Res. 2024, 11(1):139-145.  277  

3. Kim WJ, Kim J, Veriansyah B, Kim JD, Lee YW, Oh SG, et al. Extraction of 278  

bioactive components from Centella asiatica using subcritical water. Journal of 279  

Supercritical Fluids. 2009 Apr;48(3):211–6.  280  

4. Cu On, Fu I, Ja, OJP, PHW. Nutrient and Phytochemical Composition of Centella 281  

asiatica Leaves. Med Aromat Plants (Los Angel). 2020;9(2).  282  

5. Ajibade OA, Tayo GO, Olumide MD, Akintunde AO. Effect of Centella asiatica 283  

as feed additive on blood profile, egg quality and gut microbial contents of ISA 284  

brown laying birds. Aceh Journal of Animal Science [Internet]. 2023;8(3):86–93. 285  

Available from: www.jurnal.unsyiah.ac.id/AJAS 286  

6. Calvindi J, Syukur M, Nurcholis W. Investigation of biochemical characters and 287  

antioxidant properties of different winged bean (Psophocarpus tetragonolobus) 288  

genotypes grown in Indonesia. Biodiversitas. 2020 Jun 1;21(6):2420–4.  289  

7. Chang C, Yang M, Wen H, Chern J. Estimation of Total Flavonoid Content in 290  

Propolis by Two Complementary Colorimetric Methods. J Food Drug Anal. 291  

2002;10(3):178–82.  292  

8. Kuentzel A. Gerbereichemisches Taschenbuch. Dresden: The Verlag Theodor 293  

Steinkopff; 1955.  294  

9. Melia S, Juliyarsi I, Kurnia YF. Physicochemical properties, sensory 295  

characteristics, and antioxidant activity of the goat milk yogurt probiotic 296  

Pediococcus acidilactici BK01 on the addition of red ginger (Zingiber officinale 297  

var. rubrum rhizoma). Vet World. 2022 Mar 1;15(3):757–64.  298  

10. Yuniza A, Yuherman. Content of phytochemical compound and antibacterial 299  

activity of cinnamon leaf (cinnamomum burmanii) and noni fruit and leaf 300  

(Morinda citrifolia L) mixture extract to replace antibiotics. Pakistan Journal of 301  

Nutrition. 2015;492–7.  302  

11. Thoo YY, Ho SK, Liang JY, Ho CW, Tan CP. Effects of binary solvent extraction 303  

system, extraction time and extraction temperature on phenolic antioxidants and 304  

antioxidant capacity from mengkudu (Morinda citrifolia). Food Chem. 2010 May 305  

1;120(1):290–5.  306  

12. Wang J, Sun B, Cao Y, Tian Y, Li X. Optimisation of ultrasound-assisted 307  

extraction of phenolic compounds from wheat bran. Food Chem. 2008 Jan 308  

15;106(2):804–10.  309  

13. Abd El-Hack ME, de Oliveira MC, Attia YA, Kamal M, Almohmadi NH, Youssef 310  

IM, et al. The efficacy of polyphenols as an antioxidant agent: An updated review. 311 

Vol. 250, International Journal of Biological Macromolecules. Elsevier B.V.; 312  

2023.  313  

14. Chen Y, Chen H, Li W, Miao J, Chen N, Shao X, et al. Polyphenols in Eucalyptus 314  

leaves improved the egg and meat qualities and protected against ethanol-induced 315  

oxidative damage in laying hens. J Anim Physiol Anim Nutr (Berl). 2018 Feb 316  

1;102(1):214–23.  317  

15. Silva EM, Rogez H, Larondelle Y. Optimization of extraction of phenolics from 318  

Inga edulis leaves using response surface methodology. Sep Purif Technol. 2007 319  

Jul 1;55(3):381–7.  320  

http://www.jurnal.unsyiah.ac.id/AJAS


 

 

16. Prihambodo TR, Sholikin MM, Qomariyah N, Jayanegara A, Batubara I, Utomo 321  

DB, et al. Effects of dietary flavonoids on performance, blood constituents, 322  

carcass composition and small intestinal morphology of broilers: A meta-analysis. 323  

Anim Biosci. 2021 Mar 1;34(3):434–42.   324  

17. Tan Z, Halter B, Liu D, Gilbert ER, Cline MA. Dietary Flavonoids as Modulators 325  

of Lipid Metabolism in Poultry. Vol. 13, Frontiers in Physiology. Frontiers Media 326  

S.A.; 2022.  327  

18. Iylia Arina MZ, Harisun Y. Effect of extraction temperatures on tannin content 328  

and antioxidant activity of Quercus infectoria (Manjakani). Biocatal Agric 329  

Biotechnol. 2019 May 1;19.  330  

19. Woyengo TA, Nyachoti CM. Ileal digestibility of amino acids for zero-tannin faba 331  

bean (Vicia faba L.) fed to broiler chicks. Poult Sci. 2012;91(2):439–43.  332  

20. Brus M, Gradišnik L, Trapečar M, Škorjanc D, Frangež R. Beneficial effects of 333  

water-soluble chestnut (Castanea sativa Mill.) tannin extract on chicken small 334  

intestinal epithelial cell culture. Poult Sci. 2018 Apr 1;97(4):1271–82.  335  

21. Karaffová V, Bobíková K, Levkut M, Revajová V, Ševčíková Z, Levkut M. The 336  

influence of Farmatan® and Flimabend® on the mucosal immunity of broiler 337  

chicken. Poult Sci. 2019 Mar 1;98(3):1161–6.  338  

22. Hidayat C, Irawan A, Jayanegara A, Sholikin MM, Prihambodo TR, Yanza YR, et 339  

al. Effect of dietary tannins on the performance, lymphoid organ weight, and 340  

amino acid ileal digestibility of broiler chickens: A meta-analysis. Vet World. 2021 341  

Jun 1;14(6):1405–11.  342  

23. Perwiratami C, Suzery M, Cahyono DB. Korelasi Fenolat Total Dan Flavonoid 343  

Total Dengan Antioksidan Dari Beberapa Sediaan Ekstrak Buah Tanjung 344  

(Mimusops elengi). Vol. 7, Chem. Prog. 2014.   345  

24. Horváth M, Babinszky L. Impact of selected antioxidant vitamins (Vitamin A, E 346  

and C) and micro minerals (Zn, Se) on the antioxidant status and performance 347  

under high environmental temperature in poultry. A review. Vol. 68, Acta 348  

Agriculturae Scandinavica A: Animal Sciences. Taylor and Francis Ltd.; 2018. p. 349  

152–60.    350  

25. Patra A, Lalhriatpuii M. Progress and Prospect of Essential Mineral Nanoparticles 351  

in Poultry Nutrition and Feeding—a Review. Biol Trace Elem Res. 2020 Sep 352  

1;197(1):233–53.  353  

 354  

 355  

 356  

 357  



 

 

Table 1. Effect of solvent type and extraction time on the total phenol content of Centella asiatica leaf meal (%) 358  

Solvent 

(X) 

Time (Y) Average p-value 

Y1 Y2 Y3 Y4 Y5 X Y X*Y 

X1 9.54±0.24c 9.81±0.09c 9.46±0.25c 10.37±1.08c 10.17±0.16c 9.87±0.57  

<0.0001 

 

<0.0001 

 

<0.0001 X2 9.75±0.55c 11.38±0.57b 11.89±0.08b 11.63±0.16b 15.67±1.17a 12.06±2.09 

Average 9.65±0.40 10.60±0.93 10.68±1.34 11.00±0.97 12.92±3.10  

Note: X1= ordinary distilled water; X2= distilled water heated at 100 °C; Y1= 15 minute; Y2= 30 minute; Y3= 45 minute; Y4= 60 minute; 359  

Y5= 75 minute. Means in the same variable with different superscripts differ significantly (P<0.01). 360  

 361  

 362  

 363  

 364  

 365  

 366  



 

 

Table 2. Effect of solvent type and extraction time on the total flavonoid content of Centella asiatica leaf meal (%) 367  

Solvent 

(X) 

Time (Y) Average p-value 

Y1 Y2 Y3 Y4 Y5 X Y X*Y 

X1 0.01±0.01c 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.00±0.00d 0.00±0.01  

<0.0001 

 

<0.0001 

 

<0.0001 X2 0.00±0.00d 0.02±0.00bc 0.00±0.01d 0.05±0.01a 0.03±0.01b 0.02±0.02 

Average 0.01±0.01 0.01±0.01 0.00±0.00 0.02±0.03 0.01±0.01  

Note: X1= ordinary distilled water; X2= distilled water heated at 100 °C; Y1= 15 minute; Y2= 30 minute; Y3= 45 minute; Y4= 60 minute; 368  

Y5= 75 minute. Means in the same variable with different superscripts differ significantly (P<0.01). 369  

 370  

 371  

 372  

 373  

 374  

 375  



 

 

Table 3. Effect of solvent type and extraction time on the total tannin content of Centella asiatica leaf meal (%) 376  

Solvent 

(X) 

Time (Y) Average p-value 

Y1 Y2 Y3 Y4 Y5 X Y X*Y 

X1 2.03±0.52 2.98±0.84 2.43±0.64 3.13±0.83 3.28±0.82 2.77±0.79  

0.094 

 

0.838 

 

0.223 X2 3.48±0.83 3.12±0.71 3.46±0.75 3.36±0.81 2.81±0.66 3.25±0.69 

Average 2.75±1.01 3.05±0.70 2.94±0.84 3.25±0.74 3.04±0.71  

Note: X1= ordinary distilled water; X2= distilled water heated at 100 °C; Y1= 15 minute; Y2= 30 minute; Y3= 45 minute; Y4= 60 minute; 377  

Y5= 75 minute. ns = non significant 378  

 379  
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 381  

 382  
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 384  



 

 

Tabel 4. Effect of solvent type and extraction time on the total antioxidant activity of Centella asiatica leaf meal (%) 385  

Solvent 

(X) 

Time (Y) Average p-value 

Y1 Y2 Y3 Y4 Y5 X Y X*Y 

X1 38.00±3.37de 36.20±3.02e 37.98±0.82de 40.33±1.86cde 35.72±0.72e 36.74±2.54  

<0.0001 

 

0.56 

 

<0.0001 X2 41.37±5.67cde 48.63±4.90ab 45.30±1.24abc 43.78±4.23bcd 50.38±5.14a 45.89±5.09 

Average 39.68±4.56 42.42±7.72 41.64±4.12 42.05±3.48 43.05±8.68  

Note: X1= ordinary distilled water; X2= distilled water heated at 100 °C; Y1= 15 minute; Y2= 30 minute; Y3= 45 minute; Y4= 60 minute; 386  

Y5= 75 minute. Means in the same variable with different superscripts differ significantly (P<0.01). 387  
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Figure 1. Inhibition zone of Centella asiatica leaf meal against Escherichia coli and 392  

Salmonella sp. 393  

 394  

 395  

 396  
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