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Abstract

This study compared the effects of Sapindus rarak microparticles (SRMs), provided through feed or
drinking water, with commercial anticoccidial and antibacterial agents. The goal was to determine which
would reduce Eimeria sp. oocysts and Escherichia coli populations and improve chicken performance. Three
hundred seventy one-day-old Ross broilers were randomly assigned to seven treatment groups with
replicates of nine birds each. The birds were reared for 28 days. The T1 group served as a control; T2 was
provided anticoccidial/COXI at 2.5 g/L in the drinking water; T3 was fed antibacterial Zn-bacitracin at 0.5 g/kg
feed; T4 and T5 were fed SRMs at 0.63 g/kg and 1.25 g/kg feed, respectively; and T6 and T7 were provided
SRMs at 0.3 g/L and 0.63 g/L in the drinking water, respectively. Bodyweight, feed consumption, feed
conversion, oocysts per gram faeces (OPGs), E. coli number, and mortality were recorded. The results
showed no significant (P > 0.05) difference between the treatments on broiler performance, OPGs, and E.
coli numbers. Mortality during the study was only 0.53%. Thus, SRMs provided at levels up to 1.25 g/kg of
feed ANDWERE 0.63 g/L of drinking water were not significantly different from COXY and Zn-bacitracin in
affecting broiler performance, and in reducing OPGs and E. coli numbers.
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Introduction

Plant-based materials and plant extracts are common feed additives to improve animal performance.
They are available in nature and used by traditionally for their medicinal properties. Many bioactive
compounds in plant-based materials and plant extracts can enhance chicken production (Pasaribu, 2019). A
recent publication by Zaker-Esteghamati et al. (2021) reported that several flavonoids and polyphenol
compounds in Cynara scolymus and Silybum marianum extracts may have a positive effect on the immune
system, enhancing chicken health and reducing feed cost. Many plants containing essential oils show
antibacterial activity against pathogenic bacteria and affect chicken performance positively (Sinurat et al.,
2020; Amouei et al., 2021; Pasaribu et al., 2021).

Sapindus rarak (lerak), a species of soapberry, is a plant belonging to the Sapindaceae family that
contains bioactive compounds called saponins. The saponin content of S. rarak pericarp is influenced by the
particle size. Analysis of saponin with a smaller particle size of S. rarak pericarp resulted in higher saponin
content. The S. rarak pericarp with a 75-um particle size was found to contain 43.52% of saponins (Pasaribu
et al., 2014a). Saponin in S. rarak is not a single compound. The structures of 20 saponins have been
isolated and elucidated, all of which are triterpenoid saponins composed of a triterpene aglycone linked to
one, two, or three saccharide chains of varying size and complexity (Hamburger et al., 1992; Grant et al.,
2003; Asao et al, 2009). Saponin in S. rarak can form stable foam, showing haemolytic and
hypocholesterolemic properties (Asao et al., 2009; Wina, 2012; Pasaribu et al., 2014b). In addition, saponins
exhibit antimicrobial, antifungal, and antiprotozoal properties (Cheeke, 2001; Wina et al., 2017). Saponins
can kill protozoa because of their ability to bind cholesterol membrane components of protozoa. In relation to
Eimeria tenella, which causes coccidiosis, S. rarak microparticles (SRMs) at a dose of 1.25 g/kg or 2.5 g/kg
of feed could suppress the development of oocysts of E. tenella populations when chickens were infected
with this parasite (Pasaribu et al., 2014b). Previous experiments conducted in chickens used SRMs as feed
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additives mixed in the feed. However, the use of SRMs in drinking water has never been reported. Since
saponin is soluble in water, it was expected that the inclusion level of SRMs could be lower, and the effect of
saponin to suppress E. tenella and pathogenic bacterial populations may be more effective than when it is
mixed in the feed. A report by Zhai et al. (2014) showed that saponin of ginseng stems and leaves provided
through drinking water led to a positive response to vaccination in chickens, whereas Chi et al. (2017)
reported that the administration of tea saponins through drinking water increased antioxidant capacity in
chicken. Therefore, in this study, SRMs with a size of 75 microns were provided to chickens by mixing them
in feed and drinking water. The study aimed to compare the effectiveness of SRMs fed through feed and
drinking water with commercial anticoccidial and antibacterial agents to reduce Eimeria sp. and Escherichia
coli populations and to improve chicken health.

Materials and Methods

Ethical clearance for this research was granted by the Indonesian Centre for Animal Research and
Development, Bogor, Indonesia, which all experimental procedures (No. Balitbangtan/Balithak/A/03/2019).

The SRMs were prepared using the method described by Pasaribu et al. (2014b) and were mixed in
the feed or drinking water, depending on the treatment. A total of 370 one-day-old Ross broilers were
randomly divided into seven treatments, consisting of six replicates of nine birds each: T1 served as a
control; T2 received anticoccidial/COXY 2.5 g/L drinking water; T3 received Zn-bacitracin 0.5 g/kg feed; T4
and T5 were supplemented with SRMs 0.63 g/kg and 1.25 g/kg feed, respectively; and T6 and T7 received
SRMs 0.3 g/L and 0.63 g/L drinking water. The diet was provided and clean drinking water was available at
all times. Bodyweight (BW) and feed intake (FI) were recorded weekly, and feed conversion ratio (FCR) was
calculated. The birds were housed on husk material litter and reared for 28 days. The basal diet was the
same for all treatments. The starter feed contained 22% protein and 3050 kcal/kg of metabolizable energy,
and the grower feed contained 20% protein and 3100 kcal/kg of metabolizable energy (Table 1).

Table 1 Ingredients and nutrient composition of basal diets for feeding broiler chickens

Starter Grower Starter Grower
Ingredients phase, % phase, %  Nutrient composition phase phase
Maize 54.34 64.00 Metabolizable energy, kcal/kg 3050 3100
DDGS 10.22 1.00 Crude protein, % 22.2 20.2
Soy bean meal 24.64 23.01 Crude fibre, % 3.78 3.92
CPO 2.00 457 Calcium, % 0.91 1.04
Sodium bicarbonate 0.10 0.10 Phosphorus, % 1.00 1.06
Meat bone meal 6.74 3.66 Available phosphorus, % 0.45 0.521
Calcium carbonate 0.55 0.62 Methionine, % 0.57 0.525
Dicalcium phosphate 0.57 0.50 Methionine + cysteine, % 0.98 0.930
Salt 0.20 1.31 Lysine, % 1.23 1.175
Vitamin premix* 0.03 0.03
Mineral premix2 0.04 0.04
DL-methionine 0.20 0.02
L-lysine HCI 0.28 1.05
Choline 70% 0.10 0.10

DDGS: distillers dried grains with solubles, CPO: crude palm oil.
Yitamin premix contained vitamins A, C, D3, E, K3, B1, B2, Bg, B12, and niacin, pantothenic acid, folic acid,and biotin
*Mineral premix contained iron, copper, manganese, cobalt and iodine

Oocysts per gram measurements were recorded at the Veterinary Laboratory of Indonesian Research
Institute for Animal Production, and E. coli measurements were made at the Bacteriology Laboratory of
Indonesian Research Centre for Veterinary Science. The standard McMaster technique was used to
determine OPG following Tampubolon (1996) with a few minor modifications. Briefly, one gram of faeces
was put into a clean Erlenmeyer flask and mixed with 14 ml of a saturated salt solution until the mixture was
homogenous. Then, the mixture was filtered with gauze and the filtrate was collected in a new beaker glass.
The filtrate was mixed with 15 ml saturated salt solution until the mixture was homogeneous and then
centrifuged at 1500 rpm. This was repeated several times by removing the supernatant. The solution was
stirred until it was homogeneous. Finally, a sample was taken with a pipette and transferred to the McMaster
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chamber slide to calculate the total OPG of faeces, which consisted of the total number of oocysts in the two
chambers multiplied by 100.

At the end of the trial, two birds from each replication (12 birds per treatment) were randomly
slaughtered to collect their cecum contents. The amount of E. coli in the cecum was determined with the
most probable number test according to Phillips (1993).

Statistical analyses of data on bodyweight, FI, FCR, and E. coli number were conducted via analysis
of variance using the GLM procedure with the SAS general linear model software (SAS Institute Inc., Cary,
North Carolina, USA). If the treatment effects were significant (P <0.05), Duncan’s test was used to compare
the means. Numerical values for OPG was calculated based on the average of each treatment.

Results and Discussion

The growth performance of broilers supplemented with various levels of SRMs through feed and
drinking water are presented in Table 2. The BW, FI, and FCR of the broilers were not (P < 0.05) affected by
the treatments. In this study, the chickens were not infected with E. tenella, therefore, signs of coccidiosis did
not appear. Mortality during the study was only 0.53% with 2 of the 370 birds dying in Week 4, one each in
treatment groups T4 and T7.

Saponins in S. rarak did not affect chicken bodyweight. This finding was consistent with that of several
studies in which various saponins were used. Bera et al. (2019) reported that the provision of saponins from
S. mukorossi at a dose of 100-200 mg/kg did not affect the BW gain of birds significantly between 1 and 42
days old. Similarly, saponins from Acacia concinna (Peptasan®) up to a dose of 1000 ppm had no effect on
the BW of broilers with or without Eimeria spp (Sanchez-Hernandez et al., 2019). A study by Ayoub et al.
(2019) reported adding 0.5 to 1 mL of Yucca Plus® in drinking water did not affect chicken BW significantly
compared with the control. Likewise, the administration of yucca-derived saponin products up to 500 mg/kg
did not significantly affect BW of 28-day-old chickens with Eimeria compared with those that were not given
these supplements (Oelschlager et al., 2019). In contrast, a recent publication showed that the provision of
saponin mixture from Yucca schidigera and Quillaja saponaria led to a positive effect on the growth
performance of broilers (Bafundo et al., 2021 and increased villus height and crypt depth, thereby enlarging
the absorptive surface of the intestine, increasing nutrient absorption and nitrogen retention, and improving
growth (Bafundo et al., 2021). The inconsistent effect of saponins on growth performance may be because of
the complexity of saponins from different plant sources. The properties of each saponin are determined by its
structure, type of sugar, point of attachment of the sugar, length of sugar that is attached, and number of
sugar chains attached to sapogenins (Wina et al., 2017).

Reports found that saponins formed pores in the cell membrane and disrupted the cell’s ion balance,
resulting in lysis and ultimately cell death (Koczurkiewicz et al., 2015). In the digestive tract, saponins might
increase the permeability of mucosal cells, resulting in decreased cell function with consequent impact on
nutrient absorption (Onning et al., 1996). Damage to the intestinal mucosa affecting the nutrient absorption
process might ultimately affect broiler performance. This study indicated that the administration of SRMs
through feed at dosages of T5 in feed and T7 in drinking water were safe for boilers. Thus, S. rarak saponins
may have less toxicity compared with saponins from other sources, although this hypothesis was not tested.

Table 2 Means of bodyweight, feed intake, and feed conversion ratio of broilers treated with Sapindus rarak
microparticles mixed in their feed and drinking water

Treatments Initial weight, g Final weight, g Feed intake, g Feed conversion ratio, g/g

T1 43.36 +0.3 12405+ 25.1 1656.8 + 22.1 1.338+0.0

T2 42.80+0.4 1281.3 +16.2 1665.7 + 10.6 1.301+0.0

T3 42.88+0.6 1213.7 + 23.6 1588.7 + 21.5 1.311+0.0

T4 43.55+ 0.5 1196.5 + 28.2 1609.2 + 37.0 1.348 + 0.0

T5 42.87+0.4 1248.7 + 30.3 1597.0 +23.0 1.282+0.0

T6 42.82+0.3 1167.8 + 45.5 1606.5 + 23.1 1.399+0.1

T7 43.28+0.5 1172.0 +29.5 1568.6 + 28.8 1.341+0.0
P-value 0.7639 0.2625 0.0862 0.5016

T1: No anticoccidial/antibiotic (negative control), T2: anticoccidial 2.5 g/L drinking water, T3: Zn-bacitracin 2.5 g/L
drinking water, T4: Sapindus rarak microparticles (SRM) 0.63 g/kg feed, T5: SRM 1.25 g/kg feed, T6: SRM 0.3 g/L
drinking water, T7: SRM 0.63 g/L drinking water, IW: initial weight, BW: bodyweight, FI: feed intake, FCR: feed
conversion ratio.
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Feed intake of broilers aged 28 days was not significantly different (P >0.05) between groups.
However, there was a tendency towards reduced intake in SRM groups compared with the control (T1 or
T2). It was expected that SRMs in drinking water would affect feed consumption negatively. However, the
bitter taste of SRM saponins might affect the palatability of feed slightly, whether the saponin is provided
through feed or drinking water. One study reported that the administration of SRMs up to 5 g/kg in feed
reduced daily FI and growth performance significantly. However, a lower amount of SRMs up to 2.5 g/kg did
not significantly decrease feed consumption (Pasaribu et al., 2014a, 2014b). Miah et al. (2004) reported that
the provision of saponins with a concentration of 75 mg/kg of feed had no effect on Fl in poultry. Saponins
from S. mukorossi at a dose between 100 and 200 mg/kg did not affect the FI of birds aged 1-42 days
significantly (Bera et al., 2019). Saponins sourced from A. concinna (Peptasan®) up to a dose of 1000 ppm
did not affect FI in broilers with or without Eimeria spp (Sanchez-Hernandez et al., 2019). Thus, the reduction
in FI may be affected by the level, type and concentration of saponin in the source, and other bioactive
compounds in the source.

Statistical results showed that at 28 days FCR was not affected significantly by the treatments (P
>0.05) (Table 2). Although statistically not significantly different, the FCR in T5 was numerically lower than
T2 and T3. The difference in FCR was related to feed consumption. Feed intake to form 1 kg of chicken meat
was 1282 g in the T5 treatment, 1338 g in T1, 1301 g in T2, and 1311 g in T3. This showed that the provision
of SRMs at a dose of 1.25 g/kg was more efficient than COXY and Zn-bacitracin for broiler growth. Thus, the
feed conversion in T5 was better than in T4, T6, and T7. Miah et al. (2004) reported that the provision of
saponins at 75 mg/kg feed did not affect FCR significantly during growth in male broiler chickens between 22
and 42 days old. Saponins of S. mukorossi in birds did not significantly affect FCR (Bera et al., 2019).
Provision of A. concinna containing saponins (Peptasan®) up to 1000 ppm did not affect the FCR in birds
with Eimeria spp. (Sanchez-Hernandez et al., 2019). The saponins from Sapindus sp matched COXY and
Zn-bacitracin in improving broiler performance, and the provision of saponins at low doses was
recommended.

Table 3 presents the number of OPG faeces collected every week. In all treatments, the number of
oocysts was highest at the second week (14 days old). Although the birds were treated with anticoccidial or
antibacterial agents or SRM, the life cycle of Eimeria sp remained the same, but the amount of OPG in each
treatment was different. At the peak of growth (14 days), the amount of OPG in T4, T5, T6, and T7 was
slightly lower than in T2. At 21 days, the number of OPGs in T6 was almost the same as T2 (COXY),
whereas T4, T5, and T7 showed a decrease in OPG and were better than T3 (Zn-bacitracin).This indicated
that SRM provided through a mixture of feed or drinking water could inhibit the development of OPG Eimeria
spp in faeces.

Table 3 Average number of oocysts per gram of faeces from broilers treated with Sapindus rarak
microparticles in feed and drinking water

Treatments Day 1 Day 7 Day 14 Day 21 Day 28
Tl 0.3 1.0 188.7 62.9 7.9
T2 0.3 0.5 156.8 14.0 4.0
T3 0.4 0.7 162.4 60.3 1.8
T4 0.6 0.9 154.9 50.3 1.9
T5 0.5 0.8 152.1 35.0 3.9
T6 0.4 0.4 150.4 17.7 1.0
T7 11 1.4 147.5 28.9 2.0

T1: No anticoccidial or antibiotic (negative control), T2: anticoccidial 2.5 g/L drinking water, T3: Zn-bacitracin 2.5 g/L
drinking water, T4: 0.63 g/kg Sapindus rarak microparticles (SRM) on feed, T5: (1. 25 g/kg SRM in feed, T6: 0.3 g/L SRM
in drinking water, T7: SRM 0.63 g/L in drinking water

In a previous experiment, Pasaribu et al. (2014b) reported that the administration of SRMs at a dose of
up to 2.5 g/kg feed reduced the OPG of E. tenella in faeces. In this experiment, SRMs administered at a
lower levels than in the previous experiment and provided through feed or drinking water also reduced the
amount of OPG Eimeria spp in faeces. Sanchez-Hernandez et al. (2019) reported that saponins from A.
concinna at doses up to 1000 ppm could reduce oocysts in broilers infected with Eimeria spp Thus, saponins
from various plants can damage oocysts of Eimeria spp Saponins might penetrate oocysts through the
micropyle cap located at the polar end of the oocysts, damaging the sporocyte, which is characterized by the
sporocyte having an irregular shape (abnormal) or shrunken in size (Pasaribu et al., 2014a), and inhibiting
the growth of existing sporozoites. Although the difference was not significant, the number of OPGs was
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slightly lower when SRMs were provided through drinking water. In a study by Sander et al. (2019) where
saponins were provided as vaccine adjuvants or immune stimulating complexes from native plants, saponins
improve immunoglobulin G. Further studies are warranted to evaluate the effect of SRM provision in drinking
water on chicken immunity against E. tenella.

The population of E. coli was not different (P >0.05) between the groups (Figure 1). Although
statistically not different, T4 and T7 reduced total E. coli by 12.3% and 4.3%, respectively, compared with T1.
Although T3, T5, T6, and T7 did not reduce the population of E. coli, T2 was numerically better than all other
treatments. Saponin in SRMs suppressed the growth of E. coli. Other saponins have been reported to
possess antibacterial properties against E. coli. A study by Ayoub et al. (2019) showed that the
administration of Yucca Plus liquid® could reduce the population of E. coli in intestinal broilers. Likewise,
Wang & Kim (2011) stated that the number of E. coli decreased with the provision of Yucca shidigera extract
compared with the control. The ethanolic extract of S. mukorossi fruit pericarp also showed antibacterial
activity against E. coli (George & Shanmugam, 2014). An in vitro experiment by Arabski et al. (2012) found
that the presence of saponins of Quillaja saponaria at concentrations of 1-12 pg/mL did not inhibit the
growth of E. coli. Arabski et al. (2012) assumed that the concentration of saponins affects its activity to
suppress E. coli growth. Saponin inhibits E. coli growth through its ability to bind cell membrane components,
thereby forming pores in the cell membrane. These pores disrupt the ion balance of the cell and lead to the
loss of intracellular constituents and leakage of nucleic acids and proteins, resulting in the lysis and
malfunction of the cell membrane, causing cell death (Koczurkiewicz et al., 2015, Dong et al., 2020). It was
indicated that saponins of SRMs could also damage the cell membrane of E. coli, causing the population to
decrease. Therefore, SRM provision at the dose of 0.63 g/kg of feed or per litre of drinking water was
recommended because it could still reduce the population of E. coli by approximately 10.9% and 4.1%,
respectively. SRM activity against E. coli growth in this broiler experiment was an important finding. It is
useful for SRM application at farm level because E. coli contamination of drinking water and litter occurs
frequently in broiler farms.
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Figure 1 Number of Escherichia coli in the cecum of broiler chickens treated with Sapindus rarak
microparticles

T1: No anticoccidial or antibiotic (negative control), T2: anticoccidial 2.5 g/L drinking water, T3: Zn-bacitracin 2.5 g/L
drinking water, T4: 0.63 g/kg Sapindus rarak microparticles (SRM) on feed, T5: (1. 25 g/kg SRM in feed, T6: 0.3 g/L SRM
in drinking water, T7: SRM 0.63 g/L in drinking water

Conclusion

Sapindus rarak microparticles administered at levels up to 1.25 g/kg in feed or 0.63 g/L in drinking
water could be used as an anticoccidial and antibacterial agent for broiler chickens. Its performance is similar
to that of COXY and Zn-bacitracin as a dietary supplement.

Acknowledgement
The authors thank the Indonesian State Revenue and Expenditure Budget (No. 1806.202.051B/H3/APBN/2019)
for funding this research.



344 Pasaribu et al., 2022. S. Afr. J. Anim. Sci. vol. 52

Author’s Contribution
TP and EW designed and conducted the experiment. TC participated in the collection of the data. TP and TW
analysed and interpreted the data and wrote the manuscript. All authors have read and approved the manuscript.

Conflict of Interest
There was no conflict of interest in this article.

References

Amouei, H., Ferronato, G., Qothi, A.A.A., Bouyeh, M., Dunne, P.G., Prandini, A. & Alireza Seidavi, A., 2021. Effect of
essential oil of thyme (Thymus vulgaris L.) or increasing levels of a commercial prebiotic (TechnoMOS®) on
growth  performance and carcass characteristics of male broilers. Animals 11, 1-12.
https://doi.org/10.3390/ani11113330

Arabski, M., Wegierek-Ciuk, A., Czerwonka, G., Lankoff, A. & Kaca, W., 2012. Effects of saponins against clinical E. coli
strains and eukaryotic cell line. J. Biotechnol. Biomed. 1-6. DOI: 10.1155/2012/286216

Asao, Y., Morikawa, T., Xie,Y., Okamoto, M., Hamao, M., Matsuda, H., Muraoka, O., Yuan, D. & M. Yoshikawa, M.,
2009. Structures of acetylated oleanane-type triterpene saponins, rarasaponins IV,V, and VI, and anti-
hyperlipidemic constituents from the pericarps of Sapindus rarak. Chem. Pharmaceu. Bull. 57, 198-203. DOI:
10.1248/cpb.57.198

Ayoub, M.M., Ahmed, H.A., Kadry, M., Sadek, K.M., Alagawany, M., Abd El-Hack, M.E., Othman, S.I., Allam, A.A. &
Abdel-Latif, M.A., 2019. Effects of liquid yucca supplementation on nitrogen excretion, intestinal bacteria,
biochemical and performance parameters in broilers. Animals 9(1097), 1-10. DOI: 10.3390/ani9121097

Bafundo, K. W., Manner, K. & Duerr, |., 2021. The combination of quillaja and yucca saponins in broilers: Effects on
performance, nutrient digestibility and ileal morphometrics. Br. Poult. Sci. 62, 589-595.
https://doi.org/10.1080/00071668.2021.1891523

Bera, I., Tyagi, P.K., Mir, N.A., Begum, J., Dev, K., Tyagi, P.K., Biswas, A., Sharma, D. & Mandal, A.B., 2019. Effect of
dietary saponin rich soapnut (Sapindus mukorossi) shell powder on growth performance, immunity, serum
biochemistry and gut health of broiler chickens. J. Anim. Physiol. Anim. Nutr. 103 (60), 1800-1809. DOI:
10.1111/jpn.13190

Cheeke, P.R., 2001. Actual and potential applications of Yucca schidigera and Quillaja saponaria saponins in human and
animal nutrition. Rec. Adv. Anim. Nutri. Aust. 13, 115-126. https://link.springer.com/chapter/10.1007/978-94-015-
9339-7_25

Chi, X., Bi, S., Xu, W., Zhang, Y., Liang, S. & Hu, S., 2017. Oral administration of tea saponins to relive oxidative stress
and immune suppression in chickens. Poult. Sci. 96, 3058-3067. doi.org/10.3382/ps/pex127

Dong, S., Yang, X., Zhao, L., Zhang, F., Houd, Z. & Xue, P., 2020. Antibacterial activity and mechanism of action
saponins from Chenopodium quinoa Willd. husks against foodborne pathogenic bacteria. Industrial Crops &
Products 149, 1-14. https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/7516211

George, B. & Shanmugam, S., 2014. Phytochemical screening and anti-microbial activity of fruit extract of Sapindus
mukorossi. Int. J.  Curr. Microbiol. Appl. Sci. 3(10), 604-611. https://www.ijcmas.com/vol-3-
10/Bibi%20George%20and%20S.Shanmugam.pdf

Grant, G., Duncan, M., Alonso, R. & Marzo, F., 2003. Peas and lentils. In B. Caballero (editor). Encyclopedia of food
sciences and nutrition. 2nd edition. Academic Press, Cambridge, Massachusetts, USA. Pp. 4433-4440,
https://doi.org/10.1016/B0-12-227055-X/00899-3

Hamburger, M., Slacanin, I., Hostettmann, K., Dyatmiko, W. & Sutarjadi, 1992. Acetylated saponin in molluscicidal
activity from Sapindus rarak: Unambiguous structure determination by proton nuclear magnetic resonance and
guantitative analysis. Phytochem. Anal. 3, 231-237. https://doi.org/10.1002/pca.2800030507

Koczurkiewicz, P., Czyz, J., Podolak, I., Wdjcik, K., Galanty, A., Janeczko, Z. & Michalik, M. 2015. Multidirectional effects
of triterpene saponins on cancer cells — mini-review of in vitro studies. Acta Biochim. Pol. 62(3), 383-393. DOI:
10.18388/abp.2015_1089

Miah, M.Y., Rahman, M.S., Islam, M.K. & Monir, M.M., 2004. Effect of saponin and L-carnitine on the performance and
reproductive fithness of male broiler. Int. J. Poult. Sci. 3, 530-533. DOI: 10.3923/ijps.2004.530.533

Oelschlager, M.L., Rasheed, M.S.A., Smith, B.N., Rincker, M.J. & Dilger, R.N., 2019. Effects of Yucca schidigera-derived
saponin supplementation during a mixed Eimeria challenge in broilers. Poult. Sci. 98, 3212-3222. DOI:
10.3382/ps/pez051

Phillips, 1., 1993. Cowan and Steel's manual for the identification of medical bacteria. 3rd ed. G.I. Barrow & R.K.A.
Feltham (editors). Cambridge University Press, Cambridge, UK. pp. 331.

Onning, G., Wang, Q., Westrom, B.R., Nils-Georgas, A.S.P. & Karlsson, B.W., 1996. Influence of oat saponins on
intestinal permeability in vitro and in vivo in the rat. Br. J. Nutr. 76, 141-151.

Pasaribu, T. 2019. Peluang zat bioakif tanaman sebagai alternatif imbuhan pakan antibiotik pada ayam. J. Litbang Pert.
38, 96-104. (Indonesian) DOI: 10.21082/jp3.v38n2.2019 pp. 96-104

Pasaribu, T., Sinurat, A.P., Wina, E. & Cahyaningsih, T., 2021. Evaluation of the phytochemical content, antimicrobial
and antioxidant activity of Cocos nucifera liquid smoke, Garcinia mangostana pericarp, Syzygium aromaticum
leaf, and Phyllanthus niruri L. extracts. Veterinary World 14, 3048-3055.
www.doi.org/10.14202/vetworld.2021.3048-3055



Pasaribu et al., 2022. S. Afr. J. Anim. Sci. vol. 52 345

Pasaribu, T., Astuti, D.A., Wina, E., Sumiati & Setiyono, A., 2014a. Saponin content of Sapindus rarak pericarp affected
by particle size and type of solvent, its biological activity on Eimeria tenella oocysts. Int. J. Poult. Sci. 13 (6), 347—
352. DOI: 10.3923/ijps.2014.347.352

Pasaribu, T., Wina, E., Sumiati, Setiyono, A. & Astuti, D.A., 2014b. Pengaruh mikropartikel Sapindus rarak sebagai
pakan aditif terhadap performa dan profil lipida ayam broiler yang diinfeksi. Eimeria tenella JITV. 19(4), 263-271.
doi.org/10.14334/jitv.v19i4.1099 [

Sander, V.A,, Corigliano, M.G. & Clemente, M., 2019. Promising plant-derived adjuvants in the development of coccidial
vaccines. Front. Vet. Sci. 6(20), 1-15. DOI: 10.3389/fvets.2019.00020

Sinurat, A.P., Pasaribu, T., Purwadaria, T., Haryati, T., Wina, E. & Wardhani T., 2020. Biological evaluation of some plant
bioactives as feed additives to replace antibiotic growth promoters in broiler feeds. JITV 25(2):81-90. DOI:
https://dx.doi.org/10.14334/jitv.v25i2.2501

Tampubolon, M.P., 1996. Protozoologi. Inter-University Center for Life Sciences, Bogor Agricultural University, Bogor,
Indonesia.

Sanchez-Hernandez, C., Castafieda-Gémez del Campo, J.A., Trejo-Castro, L., Mendoza-Martinez, G.D. & Gloria-Truijillo,
A., 2019. Evaluation of a feed plant additive for coocidiosis control in broilers herbals for coccidiosis control. Braz.
J. Poult. Sci. 21 (01), 001-006. doi.org/10.1590/1806-9061-2018-0846

Wang, J.P. & Kim, I.LH., 2011. Effect of caprylic acid and Yucca schidigera extract on production performance, egg
quality, blood characteristics, and excreta micro flora in laying hens. Br. Poult. Sci. 52, 711-717. DOI:
10.1080/00071668.2011.635638

Wina, E., 2012. Saponins: Effect on rumen microbial ecosystem and metabolism in the rumen. In: A.K. Patra (editor).
Dietary phytochemicals and microbes. Springer, Dordrecht, Germany. pp. 311-350.

Wina, E., Pasaribu, T., Rakhmani, S.I.W. & Tangendjaja, B., 2017. The role of saponin as feed additive for sustainable
poultry production. Wartazoa 27(3), 117—-124. doi.org/10.14334/wartazoa.v27i3.1588

Zaker-Esteghamati, H., Seidavi, A. & Bouyeh, M., 2021. The effects of Cynara scolymus and Silybum marianum on
growth, carcass and organ characteristics, immunity, blood constitutes, liver enzymes, jejunum morphology, and
fatty acid profile of breast meat in broilers. Food Sci & Nut. 1-15. DOI: 10.1002/fsn3.2620

Zhai, L., Wang, Y., Yu. J. & Hu, S., 2014. Enhanced immune responses of chickens to oral vaccination against infectious
bursal disease by ginseng stem-leaf saponins. Poult. Sci. 93, 2473-2481. DOI: 10.3382/ps.2014-04056



