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ABSTRACT 

         Ruminant production is facing a critical period within global agriculture due to unique digestive 

systems allowing them to utilize low-quality fibre-rich feed, producing the potent greenhouse gas 

methane (CH4) as a by-product. Methane is eliminated from the atmosphere by eructation. Saponins 

are secondary metabolites in plant seeds, leaves, bark, and roots. Some saponins were found from 

legumes and microbial populations, including Quillaja saponaria, Yucca schidigera, Camellia 

sinensis and Samanea saman. Saponin consists of a lipophilic triterpene or steroid aglycone attached 

to one or more hydrophilic sugar moieties. Their structural variety has appeared in their chemical and 

biological properties. Numerous pharmacological aspects 

of saponin include antifungal, antiprotozoal, anti-

microbial, and anti-methanogen effects. More factors are 

related to the rumen microbe’s power to mitigate the 

antiprotozoal activity of saponins, such as breeds of 

animals and the environment. Tannin and saponin having 

plant species, such as alfalfa are widely utilized because 

of their beneficial matter and clearly can decrease methane 

production. The membrane-disrupting action of saponins 

illustrates their harmful influence on protozoa and the 

formation of complexes with sterols found in the protozoal 

cell wall, thereby causing cell lysis. This review aims to 

understand saponin structural features and focus on the 

prospect of being a useful resource for researchers in using 

saponin extract as a bioactive compound in ruminant diets 

to mitigate greenhouse gas emissions. 

KEYWARDS: Plant phytochemicals, Feed additives, 

Protozoa, Fermentation, Ruminant. 
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 INTRODUCTION 

             Globally, grazing animals such as 

goats, cattle, and sheep emit considerable 

amounts of greenhouse gases (GHG), which 

are nitride-nitrous-oxide (N2O), carbon 

dioxide (CO2), methane (CH4), and 

chlorofluorocarbon (CFC) [1]. Methane is 

assembled in the rumen (80–95%), while 

another part is assembled in the large intestine 

(5–20%) [2]. The dietary manipulation process 

can reduce CH4 emissions by approximately 

40%-75% [3]. Some medicinal plants are anti-

methanogen, effectively lowering ruminant 

intestinal methane emissions such as 

ionophores, saponin, and tannin [4,5]. Plant 

phytochemicals like flavonoids are qualified to 

make pleasant flavours, while several others, 

like tannins and saponins, have imperfect 

tastiness [6]. The botanical aspect of the plant 

in these mixtures varies from plant to plant, 

meandering from the leaves [7], roots, rhizome 

[8], seed, bark [9], or entire plant [10]. 

          The attention of saponins is more 

elevated in immature leaves than mature leaves 

and is advanced in roots than in leafage [11]. 

The US Food and Drug Administration 

remarks that saponins are ‘Generally 

Recognized as Safe’ for human consumption 

[12]. Saponins ingested via the diet 

(vegetables, complements, or extracts) 

experience vast gastrointestinal metabolism, 

offering low absorption at the gastric and small 

intestine, thereby entitling them to get the large 

intestine where they are hydrolyzed through 

the colonic microbiota and, hence, are later 

absorbed [13]. Saponin is one of the supporters 

of global warming, and it has a chief role in 

many plants, especially legumes (soybeans) 

[14]. Plant saponins hold methane-reducing 

prospects, and some bases of saponins are 

more adequate than others in decreasing 

methane production due to their antiprotozoal 

effects [15]. The mechanism steps of saponins 

to decrease CH4 production is through the 

detergent-like act inhibiting the integrity of 

methanogen archaea cell membranes [16]. 

Saponins control the ability to interfere with 

CH4 production by directly influencing the 

formatting and activity of rumen protozoa, 

bacteria, and archaea by inhibiting the effects 

of ruminal methanogens [17]. Several research 

studies have shown that saponins' antibacterial 

activity is linked to their connection to cell 

membranes [18]. The antiprotozoal effect of 

saponin is temporary [19]. 

 

Methane: 

         CH4 reserves for 14% of GHG emitted 

into the atmosphere, and enteric CH4 from 

ruminants reserves for 30% of this emission 

[5]. Methane is one of the greenhouse gases 

made from anthropogenic actions and 

livestock. It is second to the CO2 contribution 

to climate change [20]. Methane is created as 

part of an inescapable and natural rumen 

fermentation product. Over the decades, 

scientists and investigators have tried multiple 

ways to repress ruminant methane emissions, 

such as production intensification, varying diet 

administration, diet, and rumen manipulation, 

so the preference for low-CH4-producing 

animals [21]. In ruminants, methanogen 

bacteria synthesized CH4 gas in the rumen 

through a bioconversion track utilizing 

hydrogen and carbon dioxide as the principal 

precursors [22]. Reducing the CH4 emission 

and improving feed efficiency utilization. 

Methane mitigation procedures can be broadly 

categorized into three principal classes: animal 

and feed management, diet formulation, and 

rumen manipulation [23]. 

 

Structure of Saponins: 

       The natural effects of saponins have 

chemical design and bioavailability [14]. The 

term saponins derives from their knowledge of 

initiating a steady foam in aqueous solutions 

such as soap. The saponins are classified into 

steroidal, triterpenoid, and alkaloid related to 

the core of the aglycone [24]. Steroid saponins 

are primarily found in the form of fur-stanol or 

spiro-stanol, where the carbohydrate element 

including glucose, galactose, xylose, 

arabinose, rhamnose, or glucuronic acid, 

bound to aglycone through glycosidic bonds 

[25] (Figure 1). There are two significant sorts 

of triterpenoid-saponins: the neutral type 

(normal sugar binds to sapogenin) and the 

acidic type (the sugar moiety consists of uronic 

acid, or one or more carboxylic groups bound 

to the sapogenin) [26]. The numeral and style 
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of the sugars and the chemistry of the moiety 

counter much, resulting in diverse classes of 

metabolites [11]. The saccharide chains are 

usually united to the C3 place (mono-

desmosmoid), but some sapogenins have two 

saccharide chains (bi-desmoid) related to the 

C3 and C17 (via C28) places. Saponin can 

modulate ruminal fermentation and enhance 

animal production [27]. Considerable 

reflections have declared that a wide 

multiplicity of saponins, which were obtained 

from restorative plants or species of 

agricultural matter, display distinct biological 

and pharmacological possessions [28,29]. 

Regardless, the feeding of saponins did not 

reveal toxicity indications, meaning that other 

aspects of chewing and salivary enzymes lead 

to protection from detoxification and 

degradation by the feed particle matrix [13]. 

 

 

 
 

Figure 1. General classification of saponin. (Source :  Nguyen et al., 2020). 

Saponins for Ruminant Livestock: 

 

         Methanogens and protozoa persist by 

competing with the propionate producers that 

employ H2 [30]. Feed additive of saponin 

extract for ruminants can boost fermentation in 

the rumen and decrease methane gas emissions 

[31]. Saponin sources have variable products 

for microbial populations, such as Quillaja 

saponaria, Yucca schidigera, Camellia 

sinensis, Samanea saman, and Sapindus rarak, 

that virtually lower protozoa and bacterial 

populations [32]. Ku-Vera et al [33], revealed 

that protozoa with saponins lead to a change in 

cell permeability by rupturing and 

disintegrating the microorganism's cell 

wall.  Likewise, Lambo et al. [5], found about 

an 18% drop in methanobacterial and ciliate-

associated methanogens with the extracts of 

Artemisia capillaris, rich in allicin, and 

Glycyrrhiza uralensis, rich in saponin and 

alkaloid. The tea extracted from Camelia seed 

at a dose of 0.8% reduced the total number of 

protozoa by about 60% and reduced CH4 

emissions by about 36% with a higher short-

chain fatty acid production [34]. The 

management of saponin level advised is 0.3-

3.1% of the whole percentage to enhance 

version and improve meal efficiency [35]. In 

addition, tea saponin altered volatile fatty acid 

(VFA) profiles by improving H2-consuming 

VFA and decreasing H2-producing VFA [36]. 

Tea saponin decreased methanogenesis via 

both tracks, first, the plant extract linearly 

decreased protozoa concentration, which 

provides extensive parts of H2 to methanogenic 

archaea living or inside the protozoal cell 

through interspecies H2 transfer [5]. In cattle, 

CH4 production decreased by around 50.9% 

when saponin of Samanea saman 30% dry 

matter was added [51]. The tea saponin at 2-20 

g at sheep to methane mitigation effect 

decreased from 8.8 to 47.9% [32, 38]. Saponin 

of Enterolobium cyclocarpum 0.3 g/kg dry 

matter of sheep reduced methane production 

by 36.6% [50]. See table 1.
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Table 1.  

The data on saponin sources was used to reduce enteric methane mitigation (Source: Lileikis et al., 2023). 

 

Saponin 

sources 

Dose Type of 

animales 

Effect on 

methane 

production 

References 

 

Enterolobium 

cyclocarpum 

0.3g/ kg dry 

matter 

 

Sheep Reduced 

methane 

production in 

36.6% 

[50] 

Samanea saman 

 

0.3g/kg dry 

matter 

 

Crossbred cattle Reduced 

methane 

production 

about 50.9% 

[51] 

Tea saponin 

 

20 g/kg dry 

matter 

 

Sheep Reduced 

methane 

production on 

47.9% 

[32] 

Tea saponin 

 

2 g/animal/day Sheep Reduced 

methane 

production at 

8.8% 

 

[38] 

 

Effect of saponins on protozoa: 

        Cherdthong et al. [37] the protozoa 

decreased by more than 75% when cattle 

obtained crude saponin from pellets having 

Delonix regia seed meal. Liu et al. [38], carried 

out a study on how tea saponin reduces 

methanogenesis via an inhibitory effect on 

protozoa. However, that the tea saponins of 

Camellia seeds could lower the number of 

protozoa resembling the non-supplemented 

class. Liu et al. [38] and Kim et al. [39] 

reported a decreased ciliate protozoa number 

with the administration of saponin-containing 

Aloe saponaria and tea saponin 

daily. Numerous methanogens have been 

reported in ecto- and endosymbiotic 

relationships with protozoa [40]. The crude 

saponin concentration in Sesbania grandiflora 

pods was a little higher than that of further 

tropical plants founded on what encloses 

rambutan peel fruit [40], or Delonix regia seed 

meal [41]. 

         Abdullah and Al-Galbi. [41] revealed 

that providing saponins from tea leaves at 180 

mg/kg dry matter (DM) enhanced gain weight 

from 15–17.5 kg. Enhanced animal growth 

through feeding with saponins is a result of the 

increased intestinal absorption of amino acids 

due to decreased protozoal numbers.  

        Different plant secondary metabolites, 

such as saponin, have valuable effects, 

including boosting immune metabolism, 

modulating ruminal fermentation, and 

reducing the environmental influence of GHG 

emissions [42]. According to Yanza et al. [43], 

the doses of saponin up to 40 g/kg DM had no 

negative effect on feed intake, and the 

palatability of the diets was unchanged. 

Therefore, large ruminants have a more varied 

ability to accept the bitter taste of saponins 

than small ruminants [43]. 
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Saponins and Tannins: 

             Tannins have proved beneficial and 

detrimental effects in inhibiting unwanted 

bacteria and protozoa [44]. But those 

microorganisms can also most likely adapt by 

changing their cell walls. Tannins can also 

lessen the amount of protein that breaks down 

in the rumen, although this advantage is 

diminished if they also make RUP less 

digestible in the intestinal tract. Tannins can 

directly or indirectly reduce the rumen's 

release of methane by blocking protozoa or 

methanogens [33]. The kind, source, and 

molecular weight of tannins as the animal's 

methanogenic community can affect the 

methane response to tannin feeding. 

Furthermore, it showed that other tropical 

legumes, like Desmanthus spp, further reduced 

intestinal CH4 emissions in cattle grazing in 

tropical grasslands [36]. Thus, it may be 

possible to lower intestinal CH4 output using 

hydrolyzable and condensed tannins, albeit 

animal production and intake may be affected. 

There has been conflicting research on the 

benefits of saponins and tannins [45]. Studies 

have examined the nutritional benefits of 

forages high in secondary plant chemicals, 

such as tannins, on animal productivity and 

their potential to prevent methanogen 

development [33].  

          Adding saponin-rich sources decreased 

ruminal methane emission, decreased acetate 

proportion, and increased propionate, 

according to research on the effects of saponin-

rich sources on methane production and 

ruminal fermentation parameters conducted in 

vitro [48].  

          The danger of reduced rumen function 

and animal output has risen with tannins than 

with saponins, according to a comprehensive 

evaluation of the effects of saponins and 

tannins on CH4 release in ruminants [46], 

primarily based on in vivo investigations. The 

feeding of saponins can result in varying 

reactions (such as inhibiting protozoa), and 

there is also a drop in DMI [44]. The study 

demonstrated that saponin-rich sources did not 

affect reducing the relevant CH4 parameter 

when given at a dose of around 500 mg/g DM. 

At increased saponin levels, the protozoal 

count decreased. Tannin and saponin having 

plant species, such as alfalfa and birdsfoot 

trefoil are widely utilized because of their 

healthy value and obviously can decrease 

methane production [52].  

 

Other Medicinal Purposes:  

       Chen et al. [47] assessed the experimental 

importance of triterpene saponins to stimulate 

blood circulation in blood stasis syndrome 

employing strategy pharmacology-based 

techniques. Saponins are established to be 

valuable while they have more biomedical 

advantages that involve anti-bacterial, anti-

fungal, antioxidant, anti-cancer, and antiviral 

effects [48]. The explored curative 

significance of saponins has developed the 

analysis of extracting saponins from extra 

plant species [49]. 

 

CONCLUSIONS 

        This review concluded that the use of 

saponin extract or crude in ruminants did not 

damage the nutritional value of ruminant diets. 

However, the temporary effect of saponins on 

rumen microbes is a restriction on their 

utilization. Saponins stay toxic to ruminal 

protozoa when found straight in the rumen due 

to their purity. Elevated concentrations of 

saponins have natural rumen manipulators that 

revise the formatting and fermentation of 

microbial cultures and change rumen 

metabolism. Saponin was confirmed to be a 

practical emission mitigation strategy. In 

future research, we must focus on more 

sources of saponin that may be added to feed 

or water to reduce CH4 emissions from farmed 

ruminants.  

 

REQUIREMENTS 

1. Saponins can be utilized to manage 

internal parasites in ruminants.  

2. Feeding with saponins are enhanced 

animal growth functioning.  

3. Saponins impacted on rumen 

fermentation. 
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