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Abstract 

Fermentation is an easy way to increase the nutritional value of feed and the results are palatable and act as 
probiotics.Fermentation products by probiotics and savonin compounds in herbal leaves can suppress pathogenic 
bacteria. This study aims to test the effect of giving fermented Moringa oleifera leaf flour (FML) by probiotics on the 
digestibility of nutrients and pathogenic bacteria in the digetive truct of duckling. Two hundred eighty eight healthy 
two-week-old male Bali ducklings with homogeneous average body weight were divided into four treatment groups, six 
replications and each replication used 72 ducklings. The four treatments, namely a group of ducks that were given 
rations without the addition of FML as control (A); ration with 2% FML (B); ration with 4% FML (C); and a ration with 
6% FML (D), repectively. The results showed that the digestibility of dry matter (DM), organic matter (OM), crude 
protein (CP) and crude fiber (CF) in duck groups B, C and D was higher (P<0.05) compared to Group A (control ). On the 
other hand, the number of Coliform and Eschericia coli bacteria in duck groups B, C, and D, was significantly (P<0.05) 
lower than duck group A. It was concluded that the administration of 2-6% fermented Moringa oleifera leaf flour in feed 
can increase the digestibility of nutrients and can suppress the population of pathogenic bacteria in the duckling's 
digestive tract. 
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1. Introduction

The challenge faced by poultry farmers is exposure to disease-causing microorganisms and borne pathogens in feed in 
the environment. Therefore, probiotics combined with phytochemical compounds in herbal leaves can be added to 
poultry feed as an alternative to antibiotics. One effort to increase feed digestibility and reduce the population of 
pathogenic bacteria is to add various feed additives, because the use of antibiotics in livestock rations has been limited, 
because the residues have side effects on consumers [1]. 

Probiotic microbes used as fermentation inoculants will synergize with the phytochemical compounds of herbal leaves 
in the host's digestive tract, thereby improving the health and ability of the host animal to digest feed.  Herbal leaves 
have anti-oxidant, anti-hypertensive, antidiabetic, antiinflammatory and anticarcinogenic compounds [2,3,4].  Since 
there was a ban on the use of antibiotics in poultry feed, several researchers have studied the use of products that have 
been proven to be viable alternatives to antibiotics, such as probiotics, prebiotics, synbiotics, herbs and essential oils 
[5,6,7,8,9]. 
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Providing probiotics through feed will have an impact on the microbial ecosystem in the duck's intestine, so that it can 
influence the population of pathogenic bacteria and increase feed digestibility, thereby increasing the efficiency of feed 
use and the health of the host animal [10,11].  The formation of balanced and stable microflora in the digestive tract will 
have a positive and very beneficial effect on nutrient absorption and chicken health. 

Probiotic microbes can increase villus height and intestinal crypt depth, which has an impact on increasing the 
absorption of food substances, and can suppress the population of Eschericia coli and C. perfringens bacteria in the 
intestine, especially in the small intestine and cecum [12].  Probiotic supplementation with single or mixed strains 
increases the height of the villi in the duodenum, jejunum and ileum [13], so that nutrient absorption can be optimal. 

Natural feed supplement Moringa oleifera leaves, contains phytochemical compounds, such as saponins, flavonoids and 
tannins [14,15].  According to [16,17], flavonoid compounds in herbal leaves have an estrogenic effect, which can 
stimulate growth and increase immunity. 

This research aims to examine the effect of providing Moringa oleifera leaf flour fermented by probiotic microbes in the 
diet to increase digestibility and suppress pathogenic bacteria in the intestines of ducks. 

2. Material and methods  

2.1. Experimental design and Animal treatments 

Two hundred eighty eight healthy two-week-old male Bali ducklings with homogeneous average body weight were 
divided into four treatment groups, six replications and each replication used 72 ducklings. The four treatments, namely 
a group of ducks that were given rations without the addition of FML as control (A); ration with 2% FML (B); ration 
with 4% FML (C); and a ration with 6% FML (D), repectively.  The ration given is a standard ration according to the 
needs of the ducks (Table 1). The nutrient content of Moringa leaves used in calculating the composition of nutrients in 
the ration is according to [15]. 

Table 1 Composition of feed ingredients and nutrients in the diet of Bali ducks aged 2-10 weeks 

Feed ingredients (%)  

 

FML level in feed (%)  

0 2 4 6  

Yellow corn 55.8 56.4 58 59.3  

Rice bran 15 15.2 12.8 10.3  

Coconut meal 9 6.5 6.5 6.5  

Soybean meal 9.5 9.5 8.3 8  

Fish meal 10.2 9.9 9.9 9.4  

Kelor 0 2 4 6  

Nacl 0.5 0.5 0.5 0.5  

Total 100 100 100 100  

Nutrient composition    NRC [16] 

Metabolizable energy, (Kcal/kg) 2900 2900 2900 2900 2900 

Crude protein, (%) 18 18 18 18 18 

Ether axtract, (%) 6.92 7.08 6.81 6.62 - 

Crude fibre, (%) 4.84 4.75 4.68 4.64 - 

Ca, (%) 0.86 0.88 0.93 0.94 0.60 

P available, (%) 0.53 0.53 0.54 0.54 0.35 

Arginine, (%) 1.41 1.36 1.33 1.32 1.00 
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Lysine, (%) 1.18 1.17 1.15 1.12 0.90 

Methionine+Cystine, (%) 0.74 0.73 0.71 0.69 0.60 

Triptofan, (%) 0.20 0.20 0.21 0.21 0.20 

*)Based on calculation according to Scott et al. [17] 

2.2. Equipment 

Materials and tools used in total plate count (TPC) analysis were BPW (Buffered Pepton Water), PCA (Plate Count Agar), 
and 70% alcohol. Equipment: autoclave, plastic gloves, spatula or spoon, sterile plastic, petri dishes, volume pipettes, 
test tubes, incubators, colony counters, digital scales, and laminar air flow.  Materials for testing Coliform and E.coli were 
BPW, Eosin Methylene Blue Agar (EMBA), and 70% alcohol. The equipment used were autoclave, plastic gloves, spatula 
or spoon, sterile plastic, petridishes, volume pipettes, test tubes, incubators, colony counters, digital scales, and laminar 
air flow.  

Analysis of pathogenics bacteria in duckling intestines was carried out at the Biology Laboratory, Udayana University,  
Denpasar by following the procedures carried out by [18].  

2.3. Fermentation of Moringa Leaf Powder with Probiotic Saccharomyces spp. 

Moringa leaves used are old Moringa leaves (green to yellow in color). Moringa leaves were dried in the sun.  After 
drying, it was continued by grinding to become flour.  Moringa leaf powder was then sprayed (spryer) with a 10% sugar 
solution until the water content becomes 35% (balls not broken). Then mixed with the culture of Saccharomyces spp., 
as much as 1% of the total flour used.  After stirring evenly, it was then put into a plastic bag which has previously been 
filled with small holes, then stored at room temperature for three days. After three days of incubation, the fermented 
Moringa leaf powder is ready to be used in feed. 

2.4. Variable measurement 

Nutrient digestibility using the force feeding technique [19] was used to determine the nutrient digestibility.  Excreta 
and feed samples were collected and put into sterile tubes and then stored in a freezer for further analysis. Triplicate 
sample analysis was performed to determine DM, OM, CP, and EE [20].  At the end of the research, one duck from each 
experimental unit was taken to be slaughtered and the jejunum organs were taken to measure the height of the villi and 
crypt depth following the procedure [21]. 

3. Results and discussion 

3.1. Nutrient digestibility 

In Table 2, the response of male Bali ducks to being given fermented Moringa leaf flour (FML) is presented.  Inclusion 
of FML in feed at the level of 2-6%, significantly (P<0.05) increased the digestibility of dry matter (DM), organic matter 
(OM), protein digestibility (CP), and crude fiber digestibility (CF) compared to the control. 

Table 2 Effect of fermented Moringa leaves by Saccharomyces spp. (FML) in the ration on nutrient digestibility in male 
Bali ducks 

Variables FML level in diets (%)  

SE 0 2 4 6 

Digestibility (%)      

Dry matter  71.19a 74.81b 74.43b 73.92b 0.492 

Organic matter  72.26a 76.19b 76.29b 75.41b 0.371 

Crude protein  76.09a 79.52b 79.34b 78.83b 0.609 

Ether extract  79.17a 77.04a 77.36a 77.15a 1.016 

Crude fibre  37.92a 43.22b 44.61b 44.39b 1.402 

Note: a,bValues with different letters in the same row are significantly different (P<0.05); FML = Moringa leaves fermented by Saccharomyces spp. 
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The use of fermented Moringa leaf flour (FML) in feed can increase (P<0.05) feed digestibility.  Dry matter digestibility 
in duck groups B, C, and D was 5.08%; 4.55%; and higher (P<0.05) than the duckA group. Digestibility of organic matter 
in duck groups B, C, and D, namely 5.44%; 5.58%; and 4.40% higher (P<0.05) than group A. 

The use of fermented Moringa leaf flour (FML) in feed can increase (P<0.05) feed digestibility.  Duck groups B, C, and D 
had higher dry matter digestibility (P<0.05), namely 5.08%; 4.55%; and 3.83% higher (P<0.05) than duck group A. 
Likewise, organic matter digestibility in duck groups B, C, and D increased by 5.44%; 5.58%; and 4.40%, respectively 
significantly (P<0.05) higher compared to the control duck group. 

The use of fermented Moringa leaf flour (FML) in the diet was increased (P<0.05) the CP digestibility of the diet.  CP 
digestibility in duck groups B, C, and D were 4.51%; 4.27%; and 3.60% higher (P<0.05) than control group.  Crude fiber 
digestibility in group B, C, and D ducks was significantly (P<0.05) higher, namely 13.98%; 17.64%; and 17.06% 
compared to the group of ducks fed without FML. 

Nutrient digestibility increases with the presence of FML in the feed.  According to [22], fermentation is an easy way to 
increase nutritional value and the results are palatable. Feed ingredients that have undergone fermentation will 
increase the content of amino acids, vitamins and nutritional digestibility.  According to [23], during the fermentation 
process, the biosynthesis of vitamins, essential amino acids and protein occurs, which can increase the nutritional 
content of feed, resulting in increased protein quality and digestibility.  Apart from that, according to [24], the enzyme 
activity produced by micro-organisms during the fermentation process causes chemical changes in the organic 
substrate.  Mahfudz [25] stated that the role of Saccharomyces sp., apart from being a crude fiber degrader, can also be 
used as an inoculant source of probiotics.Saferi et al. [26] reported that enzymes produced by Saccharomyces cerevisiae 
can break down complex carbohydrates, such as cellulose, hemicellulose, and lignin, so that they are more easily 
digested by digestive enzymes.  Probiotics in the chicken's digestive tract can increase nutrient digestibility, so that 
growth and feed efficiency can be optimal. 

The beta-carotene content in Moringa leaves is very high.  Beta-carotene plays a role in the differentiation of intestinal 
epithelial cells, thereby increasing nutrient absorption.  Increased protein absorption can increase protein synthesis 
and calcium mineral intake [27].  Muliani [28] reported that excessive concentrations of herbal extracts (Curcumin) in 
feed can actually reduce food absorption, due to the formation of lithocholic acid which causes damage to intestinal 
microvilli. 

Fermentation is an easy way to increase nutritional value and the results are palatable [22].  According to [23], during 
the fermentation process, the biosynthesis of vitamins, essential amino acids and protein occurs which can increase the 
nutritional content, resulting in an increase in protein digestibility.  Apart from that, according to [24], the enzyme 
activity produced by micro-organisms during the fermentation process causes chemical changes in the organic 
substrate. According to [26], enzymes produced by Saccharomyces cerevisiae can break down complex carbohydrates, 
such as cellulose, hemi sulolse, and lignin, making them easier to digest. 

Probiotic Saccharomyces spp. used in the fermentation process of Moringa leaves can act as a probiotic in the digestive 
tract of chickens, thereby increasing enzymatic activity and absorption of food substances [10]. These results are proven 
in research [7] which reports that the use of probiotics in rations can increase the digestibility of dry matter and organic 
feed ingredients, as well as improve the nutritional quality of feed. 

The reduced digestibility of ether extract, according to [29] is caused by a decrease in fat content caused by the 
breakdown of fat by the lipase enzyme from mold which is used as energy for its growth. 

3.2. Pathogenic bacteria 

The impact of using fermented Moringa leaves (FML) by Saccharomyces spp. in the ration on the population of Coliform 
and Eschericia coli bacteria in the intestines of duckling is presented in Table 3. The total population of Coliform bacteria 
in the jejunum experienced a significant decrease (P<0.05) in groups of ducks B, C, and D, namely 15.53%; 32.23%; and 
24.08% significantly (P<0.05) lower compared to duck group A.  Likewise, the population of Escherichia coli bacteria 
experienced a significant decrease (P<0.05) in duck groups B, C, and D, namely 24.64%; 29.65%; and 21.07% lower 
compared to group A. More details are presented in Table 3. 

The presence of Escherichia coli bacteria in poultry manure is very high, so it can be an agent of disease transmission 
[30,31]. Coliform and Eschericia coli bacteria populations in duck intestines decreased with the presence of FML in the 
feed. Moringa leaves contain saponins, flavonoids and tannins which have antimicrobial activity [32,33].  Phenolic and 
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terpenoid compounds in herbal leaves can damage the cell walls of pathogenic bacteria.  According to [34], phenolic 
compounds in herbal leaves can inhibit the growth of S. aureus bacteria.  Terpenoid compounds can have antibacterial 
properties by damaging bacterial cell membranes. The inhibitory ability of herbal leaves against Escherichia coli and 
Salmonella sp. depends on the type of herb and the concentration of herbal extract (Yuniza and Yuherman, 2015). 

Table 3 Impact of FML addition in feed on the population of Coliform and Eschericia coli bacteria in the jejunum of 
ducklings 

Variable 

 

FML level in diets (%) Normal 

0 2 4 6 

Total Coliform 

(CFU/g) 

5.15 x 106 ± 

1.31 x 106a 

4.35 x 106 ± 

0.19 x 106b 

3.49 x 106 ± 

0.28x106b 

3.91 x 106 ± 

0.26 x 106b 

4.0 x 106 – 

9.4 x 106 

Total E. coli 

(CFU/g) 

8.97 x 105 ± 

1.05 x 105a 

6.76 x 105 ± 

0.27 x105b 

6.31 x 105 ± 

0.12 x 105 b 

7.08 x 105 ± 

0.29 x 105b 

104 - 105 

a,b Values with different letters in the same row are significantly different (P<0.05); Cfu = colony forming units; FML = Moringa leaves fermented by 
Saccharomyces spp. 

Fermented feed products using probiotic microbes have become one of several methods that have reduced Salmonella 
infections in chickens [35,36].Use of yeast Saccharomyces sp. as an inoculant, fermented Moringa leaves can act as a 
probiotic. The balance of microbes in the digestive tract of ducks can be maintained by probiotics, namely through a 
competitive exclusion mechanism between pathogenic bacteria and probiotic microbes [10], so that the presence of 
lactic acid bacteria in the intestine increases which can create an acidic atmosphere [37]. Probiotics can eliminate 
Salmonella colonization, improve intestinal immunity, and strengthen the intestinal barrier in chicken intestines 
[35,38]. Chang et al.[39] reported that feed supplementation with multi-strain probiotics improved chicken gut 
microbiota and induced different cytokine expression patterns in Salmonella infection. 

4. Conclusion 

It was concluded that supplementation of 2-6% fermented Moringa oleifera leaf meal with probiotics in feed can 
increase nutrient digestibility. On the other hand, it can significantly suppress the Coliform and E. coli population in the 
intestines of male Bali ducks. 

Compliance with ethical standards 

Acknowledgments 

We would like to thank the Rector of Udayana University, Indonesia, for the research funds provided, so that the 
research can be completed. We also thank the Head of the Biology Laboratory, Udayana University, Denpasar, Indonesia 
for his laboratory facilities. 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

Statement of ethical approval 

All ducklings and research procedures in this study were approved by the Animal Ethics Commission of the Faculty of 
Veterinary Medicine, Udayana University, Denpasar, Indonesia. 

References 

[1] Jeni RE, Dittoe DK, Olson EG, Lourenco J, Corcionivoschi N, Ricke SC and Callaway TR. Probiotics and potential 
applications for alternative poultry production systems. Poultry Science, 2021; 100(7): 101156. 
http://doi.org/10.1016/j.psj.2021.101156 

http://doi.org/10.1016/j.psj.2021.101156


GSC Biological and Pharmaceutical Sciences, 2024, 28(01), 185–191 

190 

[2] Elangovan M, Dhanarajan MS, Rajalakshmi A, Jayachitra A, Mathi P, Bhogireddy N. Analysis of phytochemicals, 
antibacterial and antioxidant activities of Moringa oleifera Lam. leaf extract an in vitro study. Int. J. Drug Dev. & 
Res., 2014; 6(4): 173-180 

[3] Dalukdeniya DACK, DeSilva KLSR and Rathnayaka RMUSK.  Antimicrobial activity of different extracts of leaves 
bark and roots of Moringa oleifera (Lam). Int. J. Curr. Microbiol. App. Sci., 2016; 5(7): 687-691.  

[4] Godinez-Oviedo A, Guemes-Vera N and Acevedo-Sandoval OA. Nutritional and Phytochemical composition of 
Moringa oleifera Lam and its potential use as nutraceutical plant:  A Review. Pakistan Journal of Nutrition, 2016; 
15(4): 397-405 

[5] Callaway T, Edrington T, Byrd J and Nisbet D. Use of direct-fed microbials in layer hen production-performance 
response and Salmonella control, producing safe eggs: microbial ecology of Salmonella. Pages 301−322 in 
Producing Safe Eggs. S.C. Ricke and R.K. Gast, Eds. Academic Press, Cambridge, MA. 2017. 

[6] Bidura IGNG, Partama IBG, Putri BRT and Watiniasih NL, 2017. Effect of water extract of two leaves (Allium 
sativum and Sauropus androgynus) on egg production and yolk cholesterol levels in egg laying hens. Pakistan 
Journal of Nutrition, 16 (7): 482-487. doi: http://dx.doi.org/10.3923/pjn.2017.482.487 

[7] Bidura IGNG, Siti NW and Partama IBG. Effect of probiotics, Saccharomyces spp.Kb-5 and Kb-8, in diets on growth 
performance and cholesterol levels in ducks.  South African Journal of Animal Science, 2019; 49(2): 219-226 
http://dx.doi.org/10.4314/sajas.v49i2.2 

[8] Bidura IGNG, Siti NW, Wibawa AAPP, Puspani E and Candrawati DPMA. Improving the quality of Tofu waste by 
mixing it with Carrots and probiotics as a feed source of probiotics and β-carotene. International Journal of 
Veterinary Science, 2023; 12(3): 407-413. https://doi.org/10.47278/journal.ijvs/2022.213 

[9] Shi Z, Rothrock MJ Jr and Ricke SC. Applications of microbiome analyses in alternative poultry broiler production 
systems. Front. Vet. Sci., 2019; 6:157. doi: https://doi.org/10.3389/fvets.2019.00157 

[10] Zurmiati, Mahata ME, Abbas MH and Wizna. The application of probiotic on duck. Jurnal Peternakan Indonesia, 
2014; 16 (2): 134-144 

[11] Bidura IGNG. Supplementation of Saccharomyces spp. probiotics intof feed laying hens to increase feed 
digestibility and reduce ammonia gas content in excreta. Majalah Ilmiah Peternakan, 2020; 23(2): 84-90 

[12] Hanczakowska E, Świątkiewicz M, Natonek-Wiśniewska M and Okoń K. Effect of glutamine and/or probiotic 
(Enterococcus faecium) feed supplementation on piglet performance, intestines structure, and antibacterial 
activity.  Czech J. Anim. Sci., 2017; 62 (8): 313-322  

[13] Harimurti S and Rahayu ES. Intestinal morphology of broiler chickens supplemented with single and mixed strain 
probiotics.  Jurnal AgriTECH, 2009; 29(3): 179-183https://doi.org/10.22146/agritech.9705 

[14] Chukwuebuka E. Moringa oleifera “The Mother’s Best Friend”. International Journal of Nutrition and Food 
Sciences,2015; 4(6): 624-630 

[15] Gomes GS. Use of Moringa oleífera lam leaf meal in rations to improve production performance and quality of 
local Timor-Leste pork. Dissertation, Doctoral Program, Faculty of Animal Husbandry, Udayana University, 
Denpasar, Indonesia, 2020. 

[16] National Research Council. Nutrient Requirements of Poultry. 9th ed. Washington, DC, USA: National Academy 
Press; 1994. 

[17] Scott ML, Neisheim MC and Young RJ. Nutrition of The Chickens. 2nd Ed. Publishing by: M. L. Scott and Assoc. 
Ithaca, New York. 1982. 

[18] Sudatri NW. Identification of active compounds of Turmeric rhizome (Curcuma domestic Val.) and Tamarind fruit 
(Tamarindus indica L.) and their implementation to improve health performance and broiler production. 
Dissertation, Doctoral Program, Faculty of Animal Husbandry, Udayana University, Denpasar, Indonesia, 2021. 

[19] Mustafa MF, Alimon AR, Zahari MW, Idris I and Bejo MH.  Nutrient digestibility of palm kernel cake for muscovy 
ducks.  Asian-Austral Journal of Animal Science, 2004; 17: 514-517. https://doi.org/10.5713/ajas.2004.514 

[20] Assocciation of Official Analytical Chemists. Official Methods of Analysis. 15th Edition. Associoation of Analytical 
Chemists, Arlington, Virginia, USA pp. 1230, 2005. 

http://dx.doi.org/10.3923/pjn.2017.482.487
http://dx.doi.org/10.4314/sajas.v49i2.2
https://doi.org/10.47278/journal.ijvs/2022.213
https://doi.org/10.3389/fvets.2019.00157
https://doi.org/10.22146/agritech.9705
https://doi.org/10.5713/ajas.2004.514


GSC Biological and Pharmaceutical Sciences, 2024, 28(01), 185–191 

191 

[21] Ermayanti NGAM, Sudatri NW, Wirasiti NN, Widhyastini IGAM. Histomorphometrics of the duodenum of male 
rabbits after being fed commercial feed supplemented with cod liver oil. Jurnal Biologi Udayana, 2021; 25(1): 87-
94. http://dx.doi.org/10.24843/JBIOUNUD.2021.v25.i01.p10 

[22] Liu HN, Liu Y, Hu LL, Suo YL, Zhang L, Jin F and Li Y. Effects of dietary supplementation of quercetin on 
performance, egg quality, cecal microflora populations, and antioxidant status in laying hens. Poult. Sci., 2014; 
93: 347-353 

[23] Oboh G and Elusiyan CA. Changes in the nutrient and antinutrient content of microfungi fermented cassava flour 
produced from low and medium cyanide variety of cassava tuber. African J. Biotech., 2007; 6(18): 2150-2157; 
https://doi.org/10.5897/AJB2007.000-2336 

[24] Supriyati, Haryati T, Susanti T and Susana IWR. Nutritional value of rice bran fermented by Bacillus 
amyloliquefaciens and humic substances and its utilization as a feed ingredient for broiler chickens.  Asian 
Australas. J. Anim. Sci., 2015; 28(2): 231-238 http://dx.doi.org/10.5713/ajas.14.0039 

[25] Mahfudz LD.  Fermented tofu dregs as a feed ingredient for broiler chickens.  Caraka Tani, JIIP., 2006; 21(1), 39-
45;https://doi.org/10.20961/carakatani.v21i1.20578 

[26] Saferi AAS, Emtiazi G, Hajrasuliha S and Shariatmadari H. Biodegradation of some agricultural residues by fungi 
in agitated submerged cultures. Afr. J. Biotech., 2005; 4(10): 1058-1061. https://doi.org/10.5897/AJB2005.000-
3210 

[27] Prabowo, Mahfudz LD and Atmomarsono U. Calcium and protein meat mass due to the use of waste product of 
Carrot powder in ration. Jurnal Sain Peternakan Indonesia, 2019; 14(2): 201-207. DOI: 
https://doi.org/10.31186/jspi.id.14.2.201-207 

[28] Muliani. Effect of turmeric (Curcuma domestica Vahl) extract on broiler blood cholesterol levels.  Journal Sains 
dan Matematika, 2015; 23(4): 35-41 

[29] Kusumaningrum M, Sutrisno CI, and Prasetiyono BWHE. Chemical quality of cattle feed and agricultural waste 
based agricultural by product fermented with Aspergillus niger.  Animal Agriculture Journal, 2012; 1(2): 109-119 

[30] Roth N, Hofacre C, Zitz U, Mathis GF, Moder K, Doupovec B, Berghouse R and Domig KJ. Prevalence of antibiotic-
resistant E. coli in broilers challenged with a multi-resistant E. coli strain and received ampicillin, an organic acid-
based feed additive or a synbiotic preparation. Poultry Science, 2019; 98(6): 2598-2607.  

[31] Delannoy S, Schouler C, Souillard R, Yousfi L, LeDevendec L, Lucas C, Bougeard S, Keita K, Fach P, Galliot P, Balaine 
L, Puterflam J and KempfI. Diversity of Escherichia coli strains isolated from day-old broiler chicks, their 
environment and colibacillosis lesions in 80 flocks in France. Veterinary Microbiology, 2021; 252: 108923. 
doi:https://doi.org/10.1016/j.vetmic.2020.108923 

[32] Bukar A, Uba TI and Oyeyi. Antimicrobical Profile of Moringa oleifera Lam extracts against some food-borne 
microorganism. Bayero Journal of Pure and Applied Sciences, 2010; 3(1): 43-48. 

[33] Ashok V, Gomashe PAG, Megha PJ and Neeta AD. Antimicrobial activity of Indian medicinal plants: Moringa 
oleifera and Saraca indica.  Int. J. Curr. Microbiol. App. Sci., 2014; 3(6): 161-169.  

[34] Pambayun R, Gardjito M, Sudarmadji S, and Kuswanto KR. The content of phenol and antibacterial nature of 
various species of gambier product (Uncaria gambir Roxb.), Majalah Farmasi Indonesia, 2017; 18: 141-146. 

[35] Chen CY, Tsen HY, Lin CL, Yu B and Chen CS.  Oral administration of a combination of select lactic acid bacteria 
strains to reduce the Salmonella invasion and inflammation of broiler chicks. Poult. Sci., 2012; 91: 2139-
47.https://doi.org/10.3382/ps.2012-02237 

[36] Wang Y, Zhou J, Wang G, Cai S, Zeng X and Qiao S. Advances in low-protein diets for swine. J. Anim. Sci. Biotechnol, 
2018; 9: 60-60. 

[37] Purwati E, Syukur S and Hidayat Z. Lactobacillus, isolation from Biovicophytomega as a probiotic. Lembaga Ilmu  
Pengetahuan Indonesia, Jakarta, 2005 

[38] Yu Q, Zhu L, Wang Z, Li P and Yang Q.  Lactobacillus delbrueckii ssp. lactis R4 prevents Salmonella typhimurium 
SL1344-induced damage to tight junctions and adherens junctions. J. Microbiol, 2012;50: 613-617. 
https://doi.org/10.1007/s12275-012-1596-5  

[39] Chang CH, Teng PY, Lee TT and Yu B. The effects of the supplementation of multi‐strain probiotics on intestinal 
microbiota, metabolites and inflammation of young SPF chickens challenged with Salmonella enterica subsp. 
enterica.  Anim. Sci. J., 2019; 90: 737-46. https://doi.org/10.1111/asj.13205 

http://dx.doi.org/10.24843/JBIOUNUD.2021.v25.i01.p10
https://doi.org/10.5897/AJB2007.000-2336
http://dx.doi.org/10.5713/ajas.14.0039
https://doi.org/10.20961/carakatani.v21i1.20578
https://doi.org/10.5897/AJB2005.000-3210
https://doi.org/10.5897/AJB2005.000-3210
https://doi.org/10.31186/jspi.id.14.2.201-207
https://doi.org/10.1016/j.vetmic.2020.108923
https://doi.org/10.3382/ps.2012-02237
https://doi.org/10.1007/s12275-012-1596-5
https://doi.org/10.1111/asj.13205

