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Abstract

The use of antibiotics as a feed additive in livestock feeding is controversial due to emergence of antibiotic-

resistant strains that pose threat to both animal and human health. Phytochemicals such as saponins, have 

been tried as potential alternatives to conventional antibiotics for use as growth promoters in livestock and 

poultry feeding. Tea saponins are triterpenoids distributed in the roots, stems, leaves and seeds of the 

Camellia plant. Recent studies indicate that saponins derived from tea seed have the potential to increase 

feed digestibility and reduce methane emissions in ruminants. Tea seed saponins (TSS) improve rumen 

fermentation by killing protozoa and modulate rumen metabolism by influencing ruminal bacteria and 

fungi. Supplementation of tea seed saponins in animals feeding have shown to decrease the total blood 

cholesterol and trigyceride, increase the HDL–Cholesterol and improve the meat quality. Tea seed have been 

safely used in animal feeding in the form of tea seed meal (also known as tea seed cake) with variable results. 

This review article enriches our knowledge about tea seed and tea seed saponins from various aspects and 

encourages more future studies on rumen fermentation pattern and meat quality for enhancing animal 

production and contributing to environmental protection.
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Nowadays food safety, animal health, 

environmental protection, economical feeding are the 

key issues in front of commercial livestock sector. 

Feed additives such as antibiotics, have been 

frequently used in food animal to enhance the 

performance of growth and feed efficiency due to a 

rise in the global demand for animal protein (Menkem 

et al. 2019, Nadeem et al. 2020). Because of 

emergence of antimicrobial drugs resistance, there is 

an urgent need to develop strategies to replace 

antibiotics for food-producing animals, especially 

livestock and poultry (Lillehoj et al. 2018, Torres et al. 

2021, Iqbal and Ashraf 2020). One of the possible 

alternatives toreplace antibiotics as a growth promoter 

and to decrease enteric methane emmission in animal 

production is the use of phytogenic feed additives 

(Bajagai et al. 2020, Candinegara 2020). Phytogenics 

such as saponins, tannins, & essential oils are plant-

derived substances in the diet that are directed to 

positively affect feed quality, animal health and animal 

products by means of their specifically efficacious 

substances (Karásková et al. 2015, Singh and 

Gaikwad 2020, Caipang et al. 2021). Saponins, a 

naturally occurring terpenoid, is an important plant 

secondary metabolite found in many plants (El Aziz et 

al. 2019, Gunun et al. 2019, Khejornsart et al. 2021). 

Many researches demonstrated that various plant parts 

of the genus Camellia (Tea) for example; seeds, 

flowers, leaves and root contain saponin (Yu and He 

2018b). Tea plant belonging to genus Camellia and 

family Theaceae, is cultivated all across the world 
nd

(Parmar et al. 2012, Li et al. 2023). India ranks 2  after 

China as one of the leading producers of tea in the 

world and contribute to 23% to the world tea 



production (Basu et al. 2010). Studies have reported 

that tea seed extract (Yang et al. 2015, Gaurav 2015, 

Kumar et al. 2017, Jadhav et al. 2016) and tea seed 

meal (Kumar 2016) are rich source of saponins. Tea 

saponins have been reported to suppress methane 

production, reduce rumen protozoa counts, and 

modulate rumen fermentation patterns (Kumar 2015, 

Jadhav et al. 2016, Liu et al. 2019, Qu et al. 2023). 

Supplementationwith tea saponin improves nutrient 

intake, nutrient digestibility and increased microbial 

N yield (Zhou et al. 2011, Kumar et al. 2017, Jadhav et 

al. 2017). Tea seed saponin supplementation in 

poultry has shown beneficial effects on growth, meat 

quality, and blood cholesterol (Gaurav 2015). 

However, there is lack of research regarding 

utilization of either tea seed or tea seed saponin of 

Indian origin in Livestock and poultry feeding. 

Therefore exploration of tea seed as feed additive or as 

a meal in animal feeding is an area of future research.

Tea seed saponins

Crude tea saponin extracted from tea plant 

(seeds, leaves or roots) are pentacyclic triterpene 

(Vincken et al. 2007; Fan et al. 2021; Liu et al. 2022). 

Saponin powder obtained from tea seed is light brown 

in colour and easily soluble in water (Jadhav et al. 

2016). There are many methods of saponin extraction 

like water extraction, organic solvent extraction, 

ultrasonic-assisted extraction & supercritical 

extraction from tea seed but alcohol extraction, 

especially ethanol extraction, appears to provide a 

higher yield (Yu and He 2018a).

Tea seed cake

The feed constitute the major production cost in 

livestock and poultry (Jones et al. 2020, Neethirajan 

2020). Low cost locally available feed constituents 

like tea seed can be safely used to replace the costly 

feed ingredients up to certain levels because of                      

its nutritional value (Kumar 2016, Kumar et al. 2017). 

Traditionally, defatted tea seed cake is used for               

animal feeds, detergent and organic fertilizers. The 

cake contains 14–20% crude protein and 17 types of 

amino acids, eight of which are essential                            

(Yao et al. 2019). Tea seed cake is rich source of omega 

fatty acids (ω-3, -6, and -9) (Rawdkuen et al. 

2016). The major contents of tea seed cake are sugar 

(37.6%), tea saponin (10%), proteins (8.8%) lipid 

(7.3%) and Ash (2.8%) (Zheng et al. 2016). Tea seed 

meal can be safely added up to 9.8% of concentrate 

mixture (2.88% of diet) in the diet of adult Gaddi goats 

(Kumar 2016).

ωω

Table 1. Saponin content in tea seed & tea seed cake

Part of tea plant Saponin content (%) Reference

Tea seed meal 13.1 and 21.1% Chaicharoenpong and Petsom, 2009

Tea seed pomace 8% Chen et al. 2010

Camellia sinensis L. seed 19% Chen et al. 2022

Camellia sinensis L. flower buds 7% Chen et al. 2022

Seeds of C. sinensis 6.5-25.1 Jadhav et al. 2016

Seeds of C. sinensis 15.35 Kumar et al. 2017

Camellia seed shell 8% Li et al. 2012

Seed cake of Camellia oleifera 15-20% Liu et al. 2016

Tea seed oil cake 2.41-8.08 Sarmah et al. 2018

Tea seed 10-13% Yamauchi et al. 2001

Camellia cake extract 11.8% Yang et al. 2015

Camelia oleifera seed 22.79 Zhang et al. 2022

Seeds of C. sinensis 12% Zhao et al. 2015

Camelia oleifera seed 10-15 Zhao et al. 2020

Tea seed cake 10-17% Zheng et al. 2016
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Table 2. Chemical composition of tea seed (Kumar et al. 2017)

Sr. No. Constituents Percentage

1 Organic Matter (OM) 97.50

2 Crude Protein (CP) 8.45

3 Ether Extract (EE) 21.80

4 Neutral Detergent Fibre (NDF) 44.40

5 Acid Detergent Fibre (ADF) 36.40

6 Saponin 15.35

Table 3. Levels of elements in the tea seed oil cake in comparison to Soybean meal and Sunflower meal 

(Njuguna et al. 2013)

Elements Assam Variety Chinese Variety Soybean meal Sunflower meal

Sodium (%) 2.3 2.4 8.3 4.9

Calcium (%) 0.66 0.60 0.37 0.38

Magnesium (%) 0.25 0.20 0.25 0.38

Manganese (%) 0.16 0.19 1.13 1.36

Phosphorus  (ìg/g) 3.8 1.1 5.5 6.0

Zinc  (ìg/g) 18.0 15.0 12.0 17.0

Copper  (ìg/g) 4.7 5.1 18.0 32.0

Values expressed in dry matter basis of sample

1) Effects of tea seed & tea saponins on rumen 

microbial population

a) Effect on rumen protozoa and fungi

Rumen protozoa and ruminal fungi contributing 

up to 50% & 8%, respectively of the bio-mass in the 

rumen (Sylvester et al. 2004, Kameshwar and Qin 

2018). The primary effect of saponins in the rumen 

appears to be to inhibit the population of ruminal 

protozoa (defaunation), which might enhance the 

efficiency of microbial protein synthesis (MCP) and 

protein flow to the intestine (Patra and Saxena 2009). 

Hu et al. (2005a) reported that the protozoal counts 

were reduced by 19, 25, 45 and 79% when increasing 

doses of tea saponin were added (10, 20, 30 and 40 

g/kg) to the substrate in-vitro. Similarly, when tea seed 

saponins (TSS) were added at levels of 0.0%, 0.3%, 

0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9% and 1.0% of 

substrate (varying concentrate to roughage ratio) the 

protozoal count decreases significantly with 

increasing concentration of TSS (Jadhav et al. 2016). 
4The protozoal population (10 /ml) decreased by 

54.8% at 1.0% level of TSS after 24-h incubation. 

Kumar (2015) also reported reduction in protozoal 

count by 38% & 14% with the addition of tea seed 

saponins (0.6%) and tea seed (containing 0.6% 

saponins), respectively. Another study conducted by 

Guo et al. (2008) showed that at 0.4 mg tea Saponin/ml 

rumen fluid decreased rumen protozoa and fungi 

count by 50% and 79%, respectively. Guyader et al. 

(2017) studied the effect of 7 tea saponin doses (from 0 

to 0.50 g/L) in-vitro on protozoa concentrations and 

found that the protozoa concentration reduced by 51% 

at 0.50 g/L dose. Similarly when 0.4 or 0.8 mg tea 

saponins were added to the substrate the protozoan 

count decreases significantly in vitro (Hu et al. 2006). 

There was 15% reduction in the population of 

protozoan reported when Dorper × thin-tailed Han 

crossbred ewes were supplemented with 2.0 g tea 

saponin (TS)/head/day) (Liu et al. 2019). Similar 

findings were also reported in an in-vivo study when 

healthy Holstein cows drenched with 0 (control), 20, 

30 and 40 g/d of tea saponin (Yan et al. 2016). He 

observed significant decrease in rumen fluid protozoa 

and no effect on fungal population. In an another 
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study, When tea seed saponin was added in the basal 

diet of beef steers, it decreased the protozoal count of 

genus Entodinium and increased Polyplastron and 

Eudiplodinium genera (Tan et al. 2020). Saponins 

form complexes with sterols of protozoal cell 

membrane and the membrane become impaired and 

finally disintegrate, leads to lysis of protozoal cell 

(Wallace et al. 2002, Wina et al. 2005). 

Supplementation with low levels (10 g/cattle per day) 

of tea saponin can significantly increase rumen fungal 

population (Saccharomyces and Aspergillus) in cattle 

(Qu et al. 2023). Tea saponin acts by destroying the 

cell membrane structure, leading to the leakage of cell 

contents and inhibit the growth of mycelium, down-

regulate the expression of several hyphae and biofilm 

related genes in fungi (Yu et al. 2022). Zhou et al. 

(2011) & Mao et al. (2010) reported no significant 

effects on rumen fungi on long term feeding of tea 

saponins which may be because of enzyme 

carbohydrases released by rumen fungi that degrades 

saponins.

b) Effect on rumen methanogen and bacteria:

The methanogen population richness in rumen 

ecosystem is a hundred fold lower than that of the 

bacterial communities (De Mulder et al. 2017). 

Methanogens live in close association with rumen 

protozoa & utilize the H  liberated by protozoa in 2

metabolic processes to produce CH , filling an 4

important function in the rumen ecosystem (Hook et 

al. 2010, Morgavi et al. 2010). Few in-vitro and in-

vivo studies have been conducted to explore the effect 

of saponins on rumen bacteria and methanogens with 

variable results. Supplementation of 2.0 g tea saponin 

(TS)/head/day) in ewes had no significant effect on 

the population of methanogens, Ruminococcus 

flavefaciens, Ruminococcus albus, Butyrivibrio 

fibrisolvens and increased population of Fibrobacter 

succinogenes observed (Liu et al. 2019). Similarly, 

Tan et al. (2020) reported no significant effect on 

methanogen population by tea seed saponins (TSS) 

supplementation (6, 10, 15, 20, 25 and 30  g/d of TSS 

powder) in steers. Mao et al. (2010) also reported no 

effect on the populations of methanogens, 

Ruminococcus flavefaciens and Fibrobacter 

succinogenes with 3 g/day of tea saponins in sheep 

diets. Guo et al. (2008), in an in vitro study reported 

decrease methanogenesis using tea saponins due to 

decreased activity of the mcrA gene (an indicator of 

the methanogenic activity of the rumen methanogen) 

and increased the relative abundance of Fibrobacter 

succinogenes but no effect on the relative abundance 

of Ruminococcus flavefaciens. When healthy Holstein 

cows drenched with tea saponin (0, 20, 30 and 40 g/d) 

in different groups, the population of Butyrivibrio 

fibrisolvens of tea saponin groups were significantly 

decreased, but no significant changes on methanogens 

population observed (Yan et al. 2016). Significant 

increase (P<0.05) in the number of total, cellulolytic 

and lactic acid bacteria in saponin fed groups were 

reported when Awassi lambs 3-4 months of age 

supplemented with tea leaves saponins (Alaidi and Al-

Galbi 2021). Klita et al. (1996) found that the 

susceptibility of rumen protozoa and lack of 

susceptibility of rumen bacteria to saponins is due to 

the presence of cholesterol in eukaryotic cell 

membrane (including protozoa) and not in prokaryotic 

cells (bacteria).

2) Effects of tea seed and tea saponin on rumen 

fermentation

a) Effects on ammonia production

Jadhav et al. (2016) in an in vitro experiment 

reported 35% reduction in Ammonia-N concentration 

at 0.9% level of tea seed saponins. Kumar, (2015) 

observed  decrease in ammonia-N by 45% at 0.6% of 

tea seed saponin and up to 2 % with tea seed (0.6% of 

tea seed saponin) using different roughage to 

concentrate ratio in an in-vitro study (Kumar 2015). 

However, there was no significant difference observed 

in rumen Ammonia N nitrogen when tea seed meal 

was supplemented in goats with tea seed meal 

containing @0.4% and 0.6% saponin of dry matter 

intake (Kumar 2016). Ammonia- N concentration in 

vitro decreased with increasing level of tea saponin 

and was 8, 18, 21 and 27% lower at 24 h incubation 

when the tea saponin were added at levels of 10, 20, 30 

and 40 g/kg, respectively (Hu et al. 2005a). Similarly, 

19% reduction in ammonia concentration was 

observed for 0.4 mg/ml tea saponin in defaunated 
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rumen fluid, a little higher than the effect on 

defaunated medium (Hu et al. 2005b). Feeding of tea 

saponin at 3 g/day to defaunated animal reduced 

ammonia concentration in the rumen fluid by 4%, 

which was much less than the reduction in NH  3

concentration observed by only defaunation (31%) 

(Zhou et al. 2011). Decreased ammonia production 

observed from 10.7 to 8.3 mmol/L (p< 0.001) when 

ewes were supplemented with tea seed saponin at 2.0 

g/head/day with no effect on ruminal pH (Liu et al. 

2019). Similar findings were also reported using tea 

leaves saponins (60 or 120 or 180 mg/ kg feed) in 

lambs, the concentration of rumen ammonia 

decreased significantly (P<0.05) with increasing 

concentration of tea leaves saponins (Alaidi & Al-

Galbi 2021). Similarly, when four different levels of 

tea saponins were fed to the Qinchuan cattle as 

treatments (0, 10, 20 & 30 g/cattle per day), results 

indicate that there was decrease in ammonia N 

production in tea saponins supplemented groups. 

Zhou et al. (2012) reported that ruminal pH and 

ammonia N concentrations were not affected when 

goats where supplemented with 400, 600, 800 mg tea 

saponin/kg of DM. Wei et al. (2012) did not find any 

change in ammonia N and ruminal pH in invitro study 

using tea saponin 1.6 mg/g. Wina et al. (2005) 

suggested that the decrease in rumen NH  3

concentration caused by the addition of saponins in 

the diet was due to an indirect result of the reduced 

protozoa count.

b) Effects on rumen Methane production

The CH  production in the rumen is significantly 4

influenced by the protozoa population because of 

inter-species transfer of H  from the protozoa to 2

methanogens (Li et al. 2018). Saponins decreases 

ruminal methane production because of defaunation 

and/or directly by decreasing the activities (i.e. rate of 

methanogenesis or expression of methane-producing 

genes) and numbers of methanogens (Patra and 

Saxena 2009). Few studies have reported that tea seed 

saponins decrease methane production because of its 

inhibitory effect on ciliated rumen protozoa (Mao et 

al. 2010, Zhou et al. 2011, Wang et al. 2012). 

According to Mao et al. (2010), 3 g/day of tea 

saponins supplementation in lambs diet reduces the 

methane production by 27.7%. In an in vivo study, 

feeding of tea saponin at 3 g/day to defaunated animal 

decreased methane production in the rumen fluid by 

10.6%, (Zhou et al. 2011). He reported that decreased 

CH  production was due mainly to effects of tea 4

saponins on reducing numbers of rumen protozoa, and 

thus lowering methanogenic activity of the associated 

methanogens. In an in vitro study, Methane production 

(ml/gm Organic Matter degraded) decreased by 32.5% 

when 0.8 % of tea seed saponin was added to a 

substrate of varying  roughage to concentrate ratio  

(Jadhav et al. 2016). Similar findings were also 

reported by Kumar (2015) with tea seed saponins in an 

in-vitro study. He reported that Methane production 

was decreased up to 35 % with the addition of tea 

saponin at 0.6% level (in terms of digestible Dry 

Matter) and no significant difference observed with tea 

seeds powder. Similarly, in the faunated rumen fluid, 

addition of 0.2 and 0.4 mg/ml tea saponin decreased 

methane production by 13.3 and 14.3%, respectively 

(Hu et al. (2005b). Wei et al. (2012) also reported 

numerical decrease in methane production in in-vitro 

study using tea saponin 1.6 mg/g substrate. In an in-

vivo study, supplementation of 2.0 g tea saponin 

(TS)/head/day) in ewes resulted in an 8.8% decrease in 
0.75the daily methane emissions (L/kg BW ) (Liu et al. 

2019). Guyader et al. (2015) reported that 

supplementation 0.5 % tea saponin alone did not 

affected methane emission but significantly affected 

methane emission by 28 % when supplemented with 

0.5% tea saponin & 2.3% of nitrate in dairy cows. No 

significant difference in methane production observed 

between the treatments when lambs 3-4 months of age 

supplemented with tea leaves saponins (60 or 120 or 

180 mg/ kg feed) (Alaidi and Al-Galbi 2021). When 

Cannulated and non-cannulated steers fed the tea seed 

saponins (6, 10, 15, 20, 25 and 30 g of TSS powder) 

and basal diet, compared with cannulated (8.0 ± 1.20 

ng/mL) animals, the addition of 30 g of TSS in the 

basal diet increased (P< 0.01) blood CH  4

concentration in non-cannulated (15.6 ± 1.74 ng/mL) 

animals (Ramírez-Restrepo et al. 2016). Inclusion of 

tea saponin significantly reduced methane production 
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in the faunated rumen fluid, but not in the defaunated 

rumen fluid, suggesting that inhibition of 

methanogenesis by tea saponin might be due to their 

antiprotozoal activity, eventually decreases amount of 

hydrogen available for the process of methanogenesis 

in the rumen (Szumacher-Strabel and Cieslak 2010).

c) Effects on Volatile fatty acids (VFA)

Variable responses on rumen VFAs have been 

reported by different researcher when using tea 

saponins. In an in-vitro study when tea seed saponins 

(TSS) were added (0.0%, 0.3%, 0.4%, 0.5%, 0.6%, 

0.7%, 0.8%, 0.9% and 1.0%) to the substrate, the short 

chain fatty acids production increased linearly with 

increasing level of TSS (Jadhav et al. 2016).Liu et al. 

(2019) reported increase in molar proportion of 

propionate and decrease in the acetate:propionate 

ratio when 2.0 g tea saponin (TS)/head/day) 

supplemented in ewes indicating a transformation of 

the rumen to propionate fermentation from acetate 

fermentation. In an in vitro study, addition of 30–40 g 

tea saponin /kg diet tended to increase the propionate, 

but had little effect on acetate and butyrate (Hu et al. 

2005a). Alaidi and Al-Galbi (2021) reported 

significant increase (P<0.05) in both acetic, propionic 

and butyric acids in lambs supplemented with tea 

leaves saponins. Wei et al. (2012) reported decrease in 

the molar proportion of butyrate and minor acids 

(valerate, iso butyrate and isovalerate) but no change 

in acetate and propionate in in-vitro using tea saponin 

1.6 mg/g substrate. Kumar (2016) reported no 

significant difference in rumen pH and TVFA when 

tea seed meal was supplemented in goats with tea seed 

meal containing @0.4% and 0.6% saponin of DMI. 

Significant increase in propionic acid and butyric acid 

concentrations and no effect on total volatile fatty acid 

observed when healthy dairy cows drenched with 0 

(control), 20, 30 and 40 g/d of tea saponin (Yan et al. 

2016). Similarly, no effect on ruminal total volatile 

fatty acid concentrations was observed when goats 

were supplemented with 400, 600, 800 mg tea 

saponin/kg of DM (Zhou et al. 2012).Qu et al. (2023) 

reported supplementation with low levels (10 g/cattle 

per day) of tea saponin in cattle, the acetate to 

propionate (A:P) ratio decreases significantly. When 

Brahman steers were supplemented with  6, 10, 15, 20, 

25 and 30 g of tea seed saponin powder, reduced total 

volatile fatty acid (VFA) concentration (P< 0.05) and 

modified pattern of individual molar VFA 

concentrations (P<0.05) was observed in tea seed 

saponins groups (Ramírez-Restrepo et al. 2016). In 

the rumen, the formation of acetate and butyrate 

results in production of H  gas, a substrate that 2

methanogenic archaea use to reduce carbon dioxide 

resulting in the production of methane (Moss et al. 

2000).

3) Effect of tea seed and tea seed saponins on 

Microbial protein synthesis

Microbial protein supply to the duodenum 

should be increased for efficient use of dietary protein 

and energy. Kumar et al. (2017) in an in-vivo study 

observed that during short term & long term feeding of 

tea seed saponins (0.4% of DMI) and tea seed (2.6% of 

DMI) there was significant increase in microbial 

protein synthesis (18%) in Gaddi kids as compare to 

control estimated in terms of purine derivatives 

(allantoin, uric acid, xanthine and hypoxanthine). In a 

similar study,  Microbial N supply was 33.33% and 

22.22% higher in 0.4%  & 0.8% level of tea seed 

saponin fed groups of goats as compared to control in 

Gaddi goats (Jadhav et al. 2017). During a metabolism 

trial conducted by Kumar (2016) in goats observed 

that the purine derivatives excretion and absorption 

(mmol/day) and microbial protein supply were higher 

for when tea seed meal was supplemented containing 

@0.4% and 0.6% saponin of DMI. Mao et al. (2010) 

also observed higher microbial protein synthesis in 

lambs fed diet with tea saponin (3 g/day of tea 

saponins) as compared to control. Significant increase 

in microbial protein synthesis by 20.20% observed 

when 30 g/d tea saponin supplemented in healthy 

Holstein cows as compare to control (Yan et al. 2016). 

Similar findings were also reported by Liu et al. 

(2003). He observed that an increase in microbial 

protein synthesis of 49% occurred in the presence of 

0.8% of tea saponins in an in vitro fermentation. 

Newbold et al. (2015) observed that the elimination of 

protozoa from the rumen could increase microbial 

protein supply to the host by up to 30%. Jouany (1996) 
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reported that ciliated rumen protozoa contributed 

significantly to intra-ruminal cycling of microbial N 

and reduced the efficiency of microbial protein 

synthesis, thus reducing population of ruminal 

protozoa may improve N utilization and increase the 

flow of microbial protein to duodenum.

4) Effect of tea seed and tea seed saponins on 

growth and feed intake

Kumar et al. (2017) did not find any effect of 

saponin supplementation on Dry Matter Intake when 

male Gaddi kids were supplemented with tea saponins 

and tea seed @0.4% of dry matter intake. They also 

reported total BW gain (kg) and ADG (g/d) in tea seed 

saponin group were 33.5% & 33% higher than control 

group and similar results also seen with tea seed 

supplemented group. In another study, Jadhav et al. 

(2017) observed no significant difference in intake of 

DM but average daily gain was 22.3% higher in 0.4 % 

tea seed saponin supplemented group of goats. Hu et 

al. (2006) reported that supplementation of tea 

saponin (3 g/day) improved growth performance in 

goats compared to group supplemented with 6 g/day 

as well as control group, but the feed conversion ratio 

was improved in both saponin fed groups. There was 

no significant effect in overall dry matter intake and 

change in body weight when tea seed meal was 

supplemented in goats with tea seed meal containing 

@0.4% and 0.6% saponin of DMI (Kumar 2016). 

When tea saponin powder (TSP) was supplemented in 

Holstein dairy cows at the rate of 0 (control), 20, 30, or 

40 g/d per head, lowest amount of DMI observed in  

cows fed 40 g/d TSP (Wang et al. 2017). Similar 

results noted when Brahman steers supplemented 

with 6, 10, 15, 20, 25 and 30 g of tea seed powder, 

Overall, DMI was not affected, but relative to all diets, 

administration 30 g of the supplement was associated 

with significantly (P< 0.001) reduced DMI, scours 

and bloat disorders (Ramírez-Restrepo et al. 2016). 

Gaurav (2015) reported a higher growth rate in 

chicken when tea seed saponin was supplemented (@ 

600 mg/kg). Dry matter intake & Weekly body weight 

change and FCR in birds fed different diets were 

statistically non significant. Chi et al. (2017) reported 

no significant difference for change in body weight 

was found between the birds orally administered TS in 

drinking water for seven days at 5 mg/kg BW. When 

chicks were supplemented with tea saponins in the diet 

they responded quickly to the presence of tea saponin 

in the diet by decreasing feed intake due to bitter taste 

of saponin in the diet (Ueda 2001). Dietary saponins 

reduced atmospheric ammonia in poultry due to 

inhibition in the release of gaseous ammonia through 

the inhibition of the enzyme (urease) which catalyse 

the reaction resulting in the release of gaseous 

ammonia and increased growth rate (Cheeke and 

Nakuae 1993). Rumen protozoa cause protein 

turnover by engulfing bacteria, defaunation enhances 

the nitrogen utilization and lead to an increase in 

growth and production (Wina et al. 2005). The 

negative effect of saponins on feed intake is because of 

reduced palatability, digestibility of protein and 

suppression of nutrient transport (Francis et al. 2002).

5) Effect of tea seed and tea seed saponin on 

digestibility

Jadhav et al. (2017) reported that dry matter, 

organic matter, NDF, ADF and cellulose digestibilities 

were significantly lower when goats were 

supplemented with 0.8% of tea seed saponins. 

Similarly, in vitro true dry matter and organic matter 

digestibility significantly decreased with increasing 

concentration of tea seed saponins (at levels of 0.0%, 

0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9% and 1.0% 

of substrate) (Jadhav et al. 2016). Digestibility of DM, 

OM, CP, and fibre fractions during both short term as 

well as long term feeding of tea seed saponins in Gaddi 

goats were not affected (Kumar et al. 2017). Dry 

matter, organic matter, crude protein, ether extract and 

crude fibre metabolizability were not affected in 

poultry when supplemented with tea seed saponin 

(600mg/kg) (Gaurav 2015). With addition of tea seed 

saponin to the basal substrate, true dry matter as well as 

true organic matter digestibility were decreased 

significantly with increasing levels of tea seed 

saponins (0.2% to 0.6%) in an in-vitro study (Kumar 

2015). There was no significant difference observed in 

the digestibility of Dry Matter, Crude protein, ADF, 

NDF when tea seed meal was supplemented in goats 

with tea seed meal containing @0.4% and 0.6% 
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saponin of DMI (Kumar 2016). Decrease in apparent 

digestibility of dry matter reported in calves 

supplemented with soybean meal and 5% tea seed 

meal (Fan et al. 2018). Dietary tea Saponin levels did 

not affect the intake, apparent disappearance in the 

forestomach and apparent whole tract digestibility of 

DM, N, NDF  and ADF, or apparent digestibility in 

the small intestine when goats where supplemented 

with 400, 600, 800 mg tea saponin/kg of DM  (Zhou et 

al. 2012). Supplementation of 2.0 g tea saponin 

(TS)/head/day) in ewes increased the apparent 

digestibility of organic matter (OM), nitrogen (N), 

neutral detergent fibre (NDF), and acid detergent fibre 

(ADF) (p < 0.001)  (Liu et al. 2019). Guyader et al. 

(2015) observed a numerical increase in NDF and 

ADF digestibility in dairy cows supplemented with 

0.5 % of DMI tea saponin. Wei et al. (2012) reported 

in in-vitro study reported numerically higher organic 

matter digestibility for tea saponin substrate using tea 

saponin 1.6 mg/g.

6) Effect of tea seed and tea seed saponins on 

Nitrogen, Ca and P balance

Kumar et al. (2017) reported significant 

Increased N retention in short term and long term 

feeding of tea seed saponin (0.4% of DMI). He also 

reported significant increased N retention in tea seed 

supplemented groups during long term indicates that 

tea seed saponin in the diet has some role in improved 

N retention. In tea seed fed group though the N 

retention was numerically higher during short term, 

however, only during long term the effect was 

significant indicating that tea seed supplementation 

needed more time for getting the beneficial effect as 

compared to TSS supplementation. Similar findings 

were also reported by Jadhav et al. (2017) in which N 

balance was improved in 0.4% and 0.8% 

supplementation of tea saponin than the control 

group. Gaurav (2015) observed higher nitrogen 

retention in poultry fed with tea seed saponin (0.06%). 

Supplementation of 2.0 g tea saponin (TS)/head/day) 

in ewes decreased fecal N and urinary N outputs, 

resulting in a significant N retention (Liu et al. 2019). 

However, supplementation of 0.5% of tea saponin had 

no effect on N balanace & purine urinary excretion in 

dairy cows (Guyader et al. 2015). Similarly, Kumar 

(2016) reported no significant difference in the 

excretion of N through faeces as well as through urine 

and N balance in all the groups when tea seed meal was 

supplemented in goats containing @0.4% and 0.6% 

saponin of DMI. Santoso et al. (2007) reported that N- 

balance was improved by saponins supplementation 

due to reduced degradation of bacterial cells in 

saponin fed groups due to the effect of defaunation and 

thereby increased supply of microbial proteins. Jadhav 

(2014), Kumar (2015) &Kumar (2016) reported that 

there was no significant difference on Ca intake, Ca 

balance, P intake and P balance in tea seed saponin and 

tea seed meal fed goats group. However, Gaurav 

(2015) observed Ca intake, Ca retention, P intake and P 

retention were significantly higher (p<0.01) in tea 

seed fed group in broiler.

7) Effect of tea seed and tea seed saponins on blood 

biochemical parameters

The tea seed saponin (Jadhav et al. 2017, Kumar 

et al. 2017, Gaurav 2015) and tea seed meal (Kumar 

2016) supplementation in goats and poultry did not 

affect the levels of Hb, PCV, total protein, albumin, 

globulin, blood urea nitrogen, bilirubin and creatinine 

and the levels were within the normal range  Normal 

hemtocrit readings, blood biochemical parameters and 

serum enzymes in the study indicated that no 

hemolytic effect of saponin occurred when it was fed 

to goats and poultry and there also no occurrence of 

liver or kidney dysfunction. Diets supplemented with 

30 g of TSS in Brahman steers were associated with 

higher chloride (P< 0.01) and alkaline phosphatase 

(P< 0.05) blood concentrations, and lower serum 

concentrations of potassium and urea nitrogen (P< 

0.01), iron and total lipase (P< 0.05) (Ramírez-

Restrepo et al. 2016). Wu and Zhong (1999) reported 

that serum ALT and AST in saponin fed group were 

significantly lower in tea seed saponin supplemented 

groups although in normal range may be due to 

hepatoprotective effect of saponins. Concentrations of 

total protein and albumin in the goats receiving 3 g of 

tea saponin /day were higher than those receiving 0 

and 6 g of tea saponin/day (Hu et al. 2006). He 

observed that serum cholesterol level was decreased 
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and the high density lipoprotein cholesterol increased 

in the tea saponin fed animals. He also reported that 

the concentration of glucose and activities of 

glutamic-oxaloacetic transaminase and glutamic-

pyruvic transaminase were not affected by the 

addition of tea saponin, suggesting that tea saponin 

have no adverse effect on hepatic metabolism. Fan et 

al. (2018) reported that serum total protein 

concentration and serum glucose concentration was 

significantly higher in 5% tea seed meal 

supplemented group in weaned male calves than that 

of control.

8) Effect of tea seed saponins on cholesterol, total 

lipid and meat quality

Kumar et al. (2017) observed decreased levels 

of triglyceride and low density lipoprotein (LDL) 

cholesterol (p<0.05) and increased levels of high 

density lipoprotein (HDL)-Cholesterol (12.5%) in tea 

seed saponin supplemented groups in goats. Jadhav et 

al. (2016) reported decreased in blood triglyceride 

levels, significant increase in HDL and no effect on 

total cholesterol on 0.4 and 0.8% supplementation of 

tea saponin in goats as compared to control. Kumar 

(2016) reported lower blood triglyceride & LDL 

levels, significantly higher HDL level and no effect 

on total cholesterol in goats supplemented with tea 

seed meal containing 0.6% saponin of DMI. Blood 

triacylglycerol level declined linearly (P<0.01) when 

goats were supplemented with 400, 600, 800 mg tea 

saponin/kg of DM (Zhou et al. 2012). Gaurav (2015) 

observed decrease in total blood cholesterol and 

trigyceride and increase in HDL–Cholestrol in starter 

and finisher phase in broiler supplemented with tea 

seed saponin. He also reported that the average live 

weight of birds and dressed weight (%) were 

numerically higher but not significant in tea seed 

supplemented groups. He observed no significance 

difference (p>0.05), in the appearance of cooked 

chicken meat but significance difference observed in 

flavor among groups supplemented with tea seed 

saponins. Hu et al. (2006) reported that serum 

cholesterol level was decreased and the high density 

lipoprotein (HDL) cholesterol increased in the tea 

saponin fed animals. Oakenfull and Sidhu (1990) 

reported that saponins act either directly, by inhibiting 

absorption of cholesterol from the small intestine, or 

indirectly, by inhibiting reabsorption of bile acids. 

Where direct inhibition of cholesterol absorption 

occurs, saponins prevented absorption of not only a 

high proportion of dietary cholesterol, but also of a 

high proportion of the cholesterol derived from bile 

and desquamation of mucosal cells.

9) Effect of tea seed saponins on the immune 

system

There are limited studies on effect of tea seed saponins 

and saponins from other sources on immune response 

of animals. Supplementation of tea seed or of tea seed 

saponin (@ 0.4 % of DMI supplementation did not 

affect humoral immune response (using 20% Sheep 

RBCs suspension by Haemagglutination test) and cell 

mediated immune response (using by delayed type 

hypersensitivity (DTH) reaction) in goats (Kumar et 

al. 2017)  Similarly, no significant difference was 

observed in antibodies titer on day 0, 7, 14, 21 and 28 

when tea seed meal was supplemented in goats with 

tea seed meal containing @0.4% and 0.6% saponin of 

DMI (Kumar 2016). In an another study when 4 rumen 

fistulated cows were infused with tea saponins at the 

dose rate of 0, 15, 30 & 45 g/day, the serum 

immunoglobulin content and serum IL-1 were 

significantly higher in 30g/day & 15g/day tea 

saponins group respectively than control (Chang et al. 

2017). When tea saponin powder (TSP) was 

supplemented in Holstein dairy cows at the rate of 0 

(control), 20, 30, or 40 g/d per head, the plasma 

concentration of IL-2 linearly increased as the 

supplemental value of TSP increased and plasma 

concentration of TNF-á linearly increased as the 

supplemental value of TSP increased (P< 0.01) (Wang 

et al. 2017). Enhanced immune responses, such as 

lymphocyte proliferation induced by concanavalin A 

and lipopolysaccharides, and serum Newcastle 

disease virus- and infectious bronchitis virus-specific 

antibodies were also observed in chickens when 

supplemented with tea saponins orally (5mg/kg BW) 

(Chi et al. 2017).

10) Antioxidant effect of tea seed saponin

Kumar (2016) reported that there was no 
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significant difference in SOD, Catalase and 

Glutathione peroxidase activity between groups when 

tea seed meal was supplemented in goats with tea seed 

meal containing @0.4% and 0.6% saponin of DMI.  

Similar results also were reported by Zhou et al. 

(2012) who found that plasma concentrations of 

glutathione peroxidase and malondialdehyde were not 

affected when goats were supplemented with 400, 

600, 800 mg tea saponin/kg of DM. Gaurav (2015) 

observed that the antioxidant activity of tea seed 

increases with increase in temperature estimated by 

DPPH assay. The concentration of SOD linearly 

increased as the supplemental value of tea saponins 

(TS) increased (P< 0.01), with the greatest value 

observed for cows fed 40 g/d of TS and no significant 

difference was found for the concentration of GSH-Px 

in cows fed with TS (Wang et al. 2017). Tea seed 

saponin supplementation in mice (140 mg/kg·day) 

reduced oxidative stress in mice indicated by the 

increased serum and liver levels of SOD, GSH, and T-

AOC and decreased ROS and MDA levels (Cao et al. 

2022). A study was conducted to see the effect of in 

drinking water on oxidative stress induced by 

cyclophosphamide in chickens. Significantly increase 

in total antioxidant capacity, total superoxide 

dismutase, catalase, glutathione peroxidase, 

glutathione, ascorbic acid, and á-tocopherol, and 

decreased malondialdehyde activity observed on oral 

supplementation of tea saponins in chicken (Chi et al. 

2017).

Conclusion

Tea saponins have the ability to manipulate the 

rumen microbial community and reduce the enteric 

CH  emission. Tea saponins also have the ability to 4

lower blood cholesterol and improve meat quality. 

However, the effect of tea saponins seems to be 

dependent on the composition of the diet. More future 

studies are needed to explore the active structural 

components and exact mechanism of action of tea 

saponins.
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