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				ABSTRACT: Antioxidants are molecular compounds that can give their electron structure to free radical molecules without disturbing them and can break the chain of free radical compounds. Antioxidants that can be used include enzymatic and non-enzymatic antioxidants. Supplementation of antioxidants into maturation mediums or cultures with the right concentration can efficiently improves oocyte maturation, cell division, and embryo quality in bovine. Enzymatic and non-enzymatic antioxidant supplementation of the maturation medium increase the number of oocytes that reach metaphase II (MII). Furthermore, the supplementation of both antioxidants in maturation and culture mediums are also able to increase cell division and embryo that reaches blastocyst. Non-enzymatic antioxidant supplementation is more effective than enzymatic antioxidants in improving the maturation and division of cells in the production of bovine embryos in vitro. In conclusion, non-enzymatic antioxidant supplementation is more effective in supporting embryonic development in vitro.
Keywords: Bovine, Embryo, Enzymatic antioxidants, Non-enzymatic antioxidants

				REVIEW ARTICLE
PII: S222877012200043-12
Received: August 11, 2022
Revised: November 10, 2022
Accepted: November 11, 2022

		

	

	INTRODUCTION  

	 

	Researches on in vitro embryo production (IVEP) in bovine continue to develop with improvements to support their success. Factors that often lead to unsuccessful embryo production include the quality of oocytes, sperm, and suboptimal culture conditions, which lead to oxidative stress. Cellular oxidative stress can cause a variety of cell damage, including lipid peroxidases on the membrane, oxidation of amino acids, death, and cell necrosis, thereby reducing embryo viability (Kitagawa et al., 2004; Su et al., 2019). Reactive oxidative species (ROS) at normal limits play a role in aiding in the process of proliferation and differentiation (Valko et al., 2007; Sharifi-Rad et al., 2020). A deeper number of cells, however, can result in cell damage and death (Agarwal et al., 2005; Pizzino et al., 2017). Oocytes or embryos cultured in vitro undergo manipulation of environmental conditions which may lead to  the increase of ROS level, causing a decrease in cell regulation (Yu et al., 2014; Agarwal et al., 2022). Most ROS is formed from the process of degradation of long-chain fatty acids resulting from the process of respiration of mitochondria and peroxisomes (Ganguli et al., 2019). To prevent excessive ROS formation during the period of oocyte or embryo culture, several studies have been carried out including the addition of antioxidants to the medium used. Antioxidants are compounds with a molecular structure that can give their electron structure to free radical molecules without being disturbed and can break the chain of free radical compounds (Budani and Tiboni, 2020). Antioxidants play a vital role in reducing the activity of hydrogen peroxide (H2O2) levels and reactive oxygen species (ROS) (Kurutas, 2016).  Antioxidant substances in cells present at low concentrations and significantly reduce or prevent oxidation of oxidizable substrates (Kurutas, 2016). The antioxidants used are divided into two, namely enzymatic and non-enzymatic antioxidants. Antioxidant enzymes include superoxide dismutase (SOD) (Lee et al., 2011), katalase (Ali et al., 2003) and glutathione ethyl ester (GSH-OEt) (García-Martínez et al., 2020), while non-enzyme antioxidants are sericin (Satrio et al., 2022), vitamin K2 (Baldoceda-Baldeon et al., 2014) and vitamin C (Sovernigo et al., 2017).  

	Enzymatic and non-enzymatic antioxidants work synergistically to support each other in protecting cells and organ systems of the body against free radical damage (Walczak-Jedrzejowska et al., 2013; Kurutas, 2016).  Researches on the addition of media antioxidant, such as catalase are still regarded as controversial (Lane et al., 2001; Ali et al., 2003). Some reports, however, stated that the addition of catalase to embryo produced in vitro can reduce intracellular ROS levels and the rate of apoptosis in bovine embryos (Rocha-Frigoni et al., 2016). Cells naturally have physiological mechanisms to inhibit the formation of excessive free radicals including specific enzymes that control their intracellular levels (Liu et al., 2016). Several studies have been conducted regarding the use of antioxidants in maturation media or cultures to improve the quality of oocytes and embryos produced. The primary thing to know about the use of antioxidants is the right concentration of supplements so that it can effectively support embryonic development. This paper will outline the use of some enzymatic and non-enzymatic antioxidants in maturation media and bovine cultured in vitro.

	Antioxidant supplementation to the maturation medium towards the degree of maturity of bovine oocytes

	The first stage in the in vitro production of embryos is the maturation of oocytes (Strączyńska et al., 2022). Oocyte maturation is very important as an early stage and it is crucial to obtain quality oocytes before fermentation (Sirait et al., 2021). Mature oocytes are oocytes that reach the stage of metaphase II (MII) (De Vos et al., 1999; Parrella et al., 2019). Proper use of antioxidants can improve oocytes maturation and embryonic development (Budani and Tiboni, 2020; Rodríguez-Varela and Labarta, 2020). One of the important things to know is the proper concentration of antioxidants in the in vitro maturation medium to increase the number of oocytes that reach MII. Some studies that have been conducted regarding antioxidant supplementation on in vitro maturation media of bovine are presented in Table 1.

	 

	
		
				Table 1 - Antioxidant supplementation towards the degree of in vitro maturation of bovine oocytes

		

		
				Name of antioxidant

				Concentration

				Number of Oocytes

				Maturation Rate (MII) (%)

				References

		

		
				Non-antioxidant

				-

				154

				75.3±0.8

				(Satrio et al., 2022)

		

		
				-

				120

				76.7±1.7

				(Rocha-Frigoni et al., 2016)

		

		
				-

				59

				86.4±2.7

				(Sovernigo et al., 2017)

		

		
				-

				101

				84.2±2.3

				(Wang et al., 2007)

		

		
				-

				165

				76.04±1.22

				(Huang et al., 2018)

		

		
				Average

				 

				119.8±38.11

				79.73±4.62

				 

		

		
				Enzymatic antioxidants

				 

				 

				 

				 

		

		
				Catalase 

				100 UI

				104

				80.6±5.2

				(Rocha-Frigoni et al., 2016)

		

		
				Serisin

				0.1%

				120

				87.0±3.1

				(Satrio et al., 2022)

		

		
				Average 

				 

				112±8

				83.8±3.2

				 

		

		
				Non-Enzymatic antioxidants

				 

				 

				 

				 

		

		
				Quercetin 

				2 µM

				60

				90.01±5.0

				(Sovernigo et al., 2017)

		

		
				Cysteamine

				100 µM

				62

				91.9±2.9

				(Sovernigo et al., 2017)

		

		
				Carnitine

				0.5 mg/mL

				61

				88.5±2.5

				(Sovernigo et al., 2017)

		

		
				Vitamin C

				50 mg/mL

				61

				90.2±0.7

				(Sovernigo et al., 2017)

		

		
				Resveratrol

				2 µM

				61

				91.8±3.0

				(Sovernigo et al., 2017)

		

		
				Green tea polyphenols (GTP)

				10 µM

				107

				87.5 ±2.1

				(Wang et al., 2007)

		

		
				Epigallocatechin-3-gallate (EGCG)

				50 µM

				180

				88.04±2.49

				(Huang et al., 2018)

		

		
				Average 

				 

				84.57±42.07

				89.71±1.63

				 

		

	

	 

	 

	 

	 

	 

	Table 1 shows that antioxidant supplementation of both enzymatic and non-enzymatic antioxidants increased the number of oocytes that reach MII. The average oocyte that reached the MII stage without antioxidant supplementation was 79%, while the enzymatic and non-enzymatic antioxidants were 83% and 89% respectively.  The addition of enzymatic antioxidants increased the MII stage by 4%, while the non-enzymatic antioxidants could increase the MII stage by 10%. This suggests that non-enzymatic antioxidants have more potential to preserve oocytes during maturation than enzymatic antioxidants. Based on Table 1, the addition of antioxidants of both enzymatic and non-enzymatic could inhibit the formation of free radicals. Antioxidants are formed as a defense mechanism against toxic reactive oxygen species (ROS). These pathways include photorespiration pathways, enzymatic and non-enzymatic pathways, regulation of corresponding response genes, and anatomical pathways (Kumar et al., 2014). Antioxidant system to ward off free radicals is naturally formed by the body itself (Vona et al., 2021). If the amount of ROS exceeds the amount of antioxidants in the cell, the excess will attack the lipid, protein, and DNA components, resulting in a damage called oxidative stress (Pham-Huy et al., 2008).

	Some previous studies have reported enzymatic antioxidant supplementation such as catalase (Rocha-Frigoni et al., 2016) and sericin (Satrio et al., 2022). Catalase plays a role in reducing the production of H2O2 produced in extracellular environments (Nandi et al., 2019). The use of catalase becomes a strategy to prevent the formation of intracellular ROS at the end of maturation (Circu and Aw, 2010). Espinosa-Diez et al. (2015) reported an evidence that ROS affects cellular function by controlling the production and activation of biologically active substances, while Isobe et al. (2012) stated that sericin has a high hydroxyl amino acid (serine) that possess a potential as an antioxidant. Furthermore, Dash et al. (2008) reported that sericin can lower ROS levels in cultures by preventing H2O2 induced oxidative stress.

	Non-enzymatic antioxidant supplementation such as quercetin, cysteamine, carnitine, vitamin C and resveratrol has been reported by Sovernigo et al. (2017). In addition, there are also green tea polyphenols (GTP) (Wang et al., 2007) and epigallocatechin-3-gallate (EGCG) (Huang et al., 2018). Quercetin is one of flavonoids which has antioxidant capacity in reducing ROS levels, protects mitochondrial functions and regulates the defense system of enzymatic antioxidants (Sameni et al., 2018). Cysteamine is an amino thiol (HSCH2CH2NH2) formed in the body from the degradation of coenzyme A during the formation of pantetheine, which is eventually hydrolyzed into cysteine and pantothenic acid (Sameni et al., 2018). Cysteamine is able to increase glutathione (GSH) production during the maturation process by reducing cystine to cysteine (Gasparrini et al., 2003).  Cysteamine may increase intracellular GSH levels in oocytes and embryos in the absence of cumulus cell monolayers (de Matos et al., 2002). Carnitine is a quaternary ammonium synthesized from the amino lysine and methionine acids and acts as an antioxidant that neutralizes ROS and protects cell organelles (Ye et al., 2010; Mishra et al., 2016). L-carnitine supplementation during maturation improves the development of bovine embryos from less competent meiotic oocytes and accelerates the formation of blastocysts of more competent oocytes (Knitlova et al., 2017). 50 mg/mL vitamin C in maturation media could increase oocytes to reach metaphase II up to 90.2% and the addition of 2 μM resveratrol could increase oocytes to reach metaphase II in bovine up to 91.8% (Sovernigo et al., 2017). Likewise, Kere et al., (2013) reported that the addition of 50 mg/mL vitamin C to swine maturation media can increase the maturation of oocytes to reach metaphase II up to 79.8%. Vitamin C is no longer only an enzymatic cofactor, antioxidant, and extracellular promoter of matrix formation by stabilizing collagen structures, but it also has the potential to modulate gene expression (Ivanyuk et al., 2015; Duran et al., 2019). Another study carried out on goats stated that the addition of 1 μM of resveratrol in maturation media could increase oocytes to reach metaphase II up to 93% (Piras et al., 2019). Wang et al. (2014) found that resveratrol triggers the maturation of oocyte nuclei due to its antioxidant properties and can induce progesterone secretion. Meanwhile, GTP supplementation on maturation media also improves the quality of oocytes at the maturation level (Wang et al., 2007). The antioxidant effects of tea polyphenols are thought to be related to their ability to stimulate antioxidant defense metabolism through cell cycle regulation that relies on redox-regulated transcription factors and mitogen-activated protein kinase (MAPK) (Jiao et al., 2003; Williams et al., 2004). Epigallocatechin-3-gallate (EGCG) also has the potential to increase MII in in vitro cultured bovine oocytes (Huang et al., 2018). EGCG is the main component of polyphenol catechins in green tea and is considered one of the components with the most bioactive compounds due to its powerful antioxidant properties (Roychoudhury et al., 2017). Reduction of intracellular ROS levels after EGCG supplementation can contribute to direct radical clearance activity, or increase EGCG-induced antioxidant enzyme activity (Huang et al., 2018).

	Research by Sovernigo et al. (2017) revealed that cysteamine and resveratrol are non-enzymatic antioxidants that are best at increasing oocyte maturation in cattle, which is around 91%. This proves that antioxidant supplementation on maturation media is effective in reducing ROS and in increasing GSH in bovine oocytes in vitro. The right amount of antioxidant supplementation can increase cytoplasmic maturation during oocyte maturation and can contribute further to protect embryos from oxidative attacks in their early development. 

	 

	Antioxidant supplementation in the medium on embryos ability to reach the blastocyst stage 

	The ability of embryo development after fertilization is influenced by various factors including oocyte competence, spermatozoa and the ability to divide to blastocyst (Colaco and Sakkas, 2018). The occurrence of deviations at the beginning of embryogenesis can cause disruptions in embryonic development and survival (Feugang et al., 2009). Improving the quality of embryos in the production of bovine embryos in vitro is very important (Demetrio et al., 2020). To prevent metabolic disorders that can occur during the culture process, it is necessary to add antioxidants to the media (Kurutas, 2016). Different types of antioxidants that can be used in embryo production can be seen in Table 2.

	Table 2 shows that the addition of antioxidants, both enzymatic and non-enzymatic, was able to increase the number of splitting embryos and blastocyst in bovine cultured in vitro. Enzymatic antioxidant supplementation increased about 5% of splitting embryos and 4% of blastocyst of control. Likewise, the use of non-enzymatic antioxidants could increase about 10% of the control splitting embryo and about 16% of embryos reached blastocyst of control (without antioxidant suplementation.  

	Antioxidants can be added to maturation media, sperm washing and culture, and have been shown to have an effect on improving embryo quality. The use of antioxidant enzymes had an average of about 30% of embryos reaching blastocyst from splitting embryos, while the use of non-enzymatic antioxidants had an average of about 42% of embryo reaching blastocyst. The use of enzymatic antioxidants, namely superoxide dismutase (SOD), in bovine culture media (Lee et al., 2011) and the use of enzymatic antioxidant catalase (CAT) in maturation media  (Ali et al., 2003) have been done. Superoxide dismutase (SOD) is responsible for converting oxygen free radicals into H2O2, which is highly toxic and immediately discarded (Kürüm et al., 2019). In the in vivo culture, sperm and oocyte spasms in the oviduct ducts are involved in the regulation of SOD (Yan et al., 2014). Supplementation of 300 U/mL SOD in the culture medium increased blastocyst production by 33.6% (Lee et al., 2011). Superoxide dismutase (SOD) catalyzes the distillation of superoxide into oxygen and hydrogen peroxide. Antioxidant is important for every cell exposed to oxygen as an antioxidant chelator which is effective in transferring metal ions and can reduce free radicals such as oxygen and nitrogen and inhibit the generation of primary oxygen radicals and oxidation (Kostyuk et al., 2004). Catalase (CAT) can be the dominant antioxidant in the early stages of bovine folliculogenesis (Gupta et al., 2011). 

	Non-enzymatic antioxidants used in an effort to improve embryonic development in bovine are glutathione (Itahashi, 2022), quercetin, cysteamine, carnitine, vitamin C, resveratrol (Sovernigo et al., 2017), anethole (Anjos et al., 2019), Phellodendron amurense extract and melatonin (Do et al., 2017), β-mercaptoethanol (β-ME) (Hosseini et al., 2009), vitamin K2 (Baldoceda-Baldeon et al., 2014), flavonoid 3,4-dihydroxy flavone (3,4-DHF) (Lee et al., 2011), and green tea polyphenols (GTP) (Wang et al., 2007). The use of such antioxidants has been shown to be able to increase embryos to reach blastocyst by 42% of the dividing cells.

	 

	
 

	 

	
		
				Table 2 - Antioxidant supplementation on the development of bovine embryos in vitro

		

		
				Name of antioxidant

				Concentration

				Media

				Number of oocytes

				Cleavage rate (%)

				Blastocyst (%)

				References

		

		
				 

				-

				 

				114

				47.4±4.0

				15.8±1.3

				(Itahashi, 2022)

		

		
				 

				-

				 

				142

				85.9±4.1

				47.2±2.7

				(Sovernigo et al., 2017)

		

		
				 

				-

				 

				130

				-

				31.5

				(Lee et al., 2011)

		

		
				Non-antioxidant

				-

				 

				-

				69

				20

				(Ali et al., 2003)

		

		
				 

				-

				 

				-

				87.4±1.9

				25.4±2.8

				(Anjos et al., 2019)

		

		
				 

				-

				 

				36

				89.4±6.2

				25.0±0.0

				(Do et al., 2017)

		

		
				 

				-

				 

				 

				 

				23

				(Baldoceda-Baldeon et al., 2014)

		

		
				Average 

				 

				 

				 

				75.82

				26.84

				 

		

		
				Enzymatic antioxidants

				 

				 

				 

				 

				 

				 

		

		
				Superoxide dismutase (SOD) 

				300 U/mL

				Culture

				124

				-

				33.6

				(Lee et al., 2011)

		

		
				Catalase

				127 U/mL

				Maturation 

				-

				81

				28

				(Ali et al., 2003)

		

		
				Average

				 

				 

				-

				81

				30.8

				 

		

		
				Non-enzymatic antioxidants

				 

				 

				 

				 

				 

				 

		

		
				Glutathione

				1 µM

				Sperm washing

				119

				82.4 ±3.7

				39.5±2.3

				(Itahashi, 2022)

		

		
				Quercetin 

				2  µM

				Maturation

				142

				85.9±4.5

				53.5±3.9

				(Sovernigo et al., 2017)

		

		
				Cysteamine

				100 µM

				Maturation

				143

				86.7±7.2

				52.4±2.7

				(Sovernigo et al., 2017)

		

		
				Carnitine

				0.5 mg/mL

				Maturation

				144

				84.7±6.5

				54.2±3.1

				(Sovernigo et al., 2017)

		

		
				Vitamin C

				50 mg/mL

				Maturation

				142

				85.9±7.1

				52.1±3.1

				(Sovernigo et al., 2017)

		

		
				Resveratrol

				2 µM

				Maturation

				142

				88.7±8.4

				54.2±4.0

				(Sovernigo et al., 2017)

		

		
				Anethole 

				30 µg/ml

				Maturation

				-

				86.2±5.8

				32.1±4.7

				(Anjos et al., 2019)

		

		
				Phellodendron amurense extract

				0.01 µL

				Culture 

				36

				85.6±6.2

				30.6±0.9

				(Do et al., 2017)

		

		
				Melatonin

				0.01 µL

				Culture 

				114

				84.2±7.4

				35.7±5.1

				(Do et al., 2017)

		

		
				β-mercaptoethanol (β-ME)

				100 µL

				Culture

				1250

				92.0 ± 3.1

				40.1±1.1

				(Hosseini et al., 2009)

		

		
				Vitamin K2

				0.50 mM

				Culture

				-

				-

				31

				(Baldoceda-Baldeon et al., 2014)

		

		
				3,4-dihydroxyflavone (3,4-DHF)

				10 μM

				Culture 

				129

				-

				44.2

				(Lee et al., 2011)

		

		
				Green tea polyphenols (GTP)

				15 µM

				Maturation 

				-

				76

				38.1

				(Wang et al., 2007)

		

		
				Average

				 

				 

				 

				85.3

				42.9

				 

		

	

	 

	
1 μM GSH supplementation on sperm washing media caused the number of the dividing cell to reach about 89% and was able to reach blastocyst of about 39% of the dividing cells. GSH not only reduces the formation of ROS, but also reduces the formation of disulfide bonds (Oikawa et al., 2018). The stimulating effect of GSH on embryonic development is mainly on the reduction of effective disulfide bonds in spermatozoa (Mayor et al., 2001). Itahashi et al. (2022) explained that GSH is important for decondensation of sperm chromatin after sperm penetration in oocytes, destabilization and replacement of protamines by oocyte-derived histones (Caglar et al., 2005), and the development of sperm nuclei into the male pronucleus (Canel et al., 2017).

	Resveratrol and quercetin are secondary plant metabolites found in vegetables, fruits, flowers and seeds, and are flavonoid compounds produced by the interaction of plants and microorganisms to protect themselves against fungal and bacterial infections (Kwak et al., 2012; Kang et al., 2013). Cysteamine (CYS) supplementation in maturation media increases intracellular levels of GSH in mature oocytes and embryonic development rate (de Matos et al., 2002; Alsalim, 2020). Cysteamine (CYS) is one of the thiol compounds which has been successfully used in the maturation of oocytes in vitro by acting as a ROS collector and maintaining cellular redox balance for proper conditions in embryonic development (Gasparrini et al., 2000).

	Vitamin C supplementation in maturation medium has a positive impact on embryo division by about 85% and also increases blastocyst by about 54% of the dividing cells (Sovernigo et al., 2017). Vitamin C (ascorbic acid) by virtue of its chemical structure is an electron donor and therefore a reducing agent with two different biochemical roles, namely as antioxidant and enzymatic cofactor (Belin et al., 2009; Khazaei and Aghaz, 2017). Due to its antioxidant properties, vitamin C is able to protect cells from ROS (Padayatty et al., 2003). 

	The rate of cell division with the use of anethole antioxidants was quite high at around 86.2%. It becomes an alternative because anethole has the opportunity to be used as a fairly good antioxidant in supporting embryonic development. Furthermore, supplementation of 30 μg/mL anethole in maturation medium increased blastocyst and decreased ROS concentration (Anjos et al., 2019). Anethone compounds can support glutathione (GSH) synthesis to fight or suppress oxidative and can also simultaneously increase GSH which is considered to be a homocysteine-lowering agent (Giustarini et al., 2014). Do et al. (2017) reported that the utilization of plants extraction containing antioxidants can be done to improve the quality of blastocyst. 0.01 μg/mL of Phellodendron amurense extract in the culture medium improved the quality of embryos produced, cell division and blastocyst as well as allows the repair of poor quality embryo (Do et al., 2017)

	Melatonin 0.01 μL supplementation in culture media was able to achieve cleavage by 84% and blastocyst by 35% (Do et al., 2017). Exogenous melatonin increases the speed of blastocysts in fresh embryos and vitrification by various mechanisms improves embryonic development (Wang et al., 2014). Other mechanisms may use melatonin to induce changes in the production of antioxidant enzymes and oxidative substrates, as well as regulate gene expression associated with oxidative stress responses.  The use of melatonin can be a supporting tool in embryo production in vitro to reduce negative influences during culture (Mehaisen et al., 2015; Truong and Gardner, 2020). Melatonin is a unique antioxidant compared to other antioxidants not only because of its prevalence and the various mechanisms involved in the transmission of signals it carries, but also because of its anti-oxidant activity (Chrustek and Olszewska-Słonina, 2021).

	β-mercaptoethanol (β-ME) is an antioxidant that can be added to the culture medium to increase the embryo to reach blastocyst on the eighth day of the culture.  Hosseini et al (2009) stated that β-mercaptoethanol (βME) has a low molecular weight thiol compound, and is often used to increase antioxidant capacity in embryos through increased levels of intracellular reactive such as glutathione (GSH) (Takahashi et al., 2002). 

	Vitamin K2 is known to have antioxidant and anti-inflammatory properties that can act as a powerful protective molecule (Shandilya et al., 2021). Baldoceda-Baldeon et al. (2014)  reported that the addition of 0.5 mM of vitamin K2 into the culture medium could increase the production of blastocyst percentage by 8.6% in cattle. Vitamin K2 plays a role of an electron carrier in the mitochondrial electron transport chain complex, resulting in more efficient use of oxygen and ATP production (Vos et al., 2012). Other studies have also reported that vitamin K2 supplementation after geonomics geonomic activation of day 3 and 7 may improve embryo development competence (Sefid et al., 2017).

	3,4-dihydroxyflavone (3,4-DHF) is a group of flavonoids reported to have anti-apoptotic and anti-oxidant activity (Hossain et al., 2014). 3,4-DHF 10 μM supplementation in culture media could increase the number of blastocyst  about 44% of the dividing cells (Lee et al., 2011). Another study also revealed that 3,4-DHF significantly reduced ROS content and apoptotic cell count as well as increased expression of antioxidant and anti-apoptotic genes to increase yak's in vitro development capacity (Xiong et al., 2014).

	Green tea polyphenol (GTP) is a source of polyphenols from green tea that acts as a source of antioxidants and has a molocular mechanism that plays a role in preventing various diseases (Ding et al., 2017). The addition of 15 μM of green tea polyphenol (GTP) in maturation medium efficiently improves the fertilization competence and development of bovine embryos, and this increase correlates with an increase in intracellular GSH concentrations of embryos (Wang et al., 2007). The antioxidant effects of tea polyphenols are also thought to be related to their ability to stimulate antioxidant defense metabolism through redox-regulated transcription factors and protein kinase activated by mitogen cellular cycle regulation (Yan et al., 2020).

	Some studies have revealed that non-enzymatic antioxidant supplementation in embryo production in vitro is more effective than enzymatic antioxidants. Enzymatic antioxidants increased the embryo to reach blastocyst by about 50% of the dividing cells while the enzymatic antioxidant was about 30%.

	Antioxidant mechanisms in cells

	High level of ROS which exceed the physological range causes cell imbalances and can decrease the survival rate, triggering apoptosis in oocytes (Khazaei and Aghaz, 2017). Antioxidants are defensive factor against Oxidative Species (OS) induced by ROS (Bhattacharyya et al., 2014). During the embryo culture process, the addition of antioxidants to the culture medium can reduce ROS so that the quality of oocytes increases and the apoptotic factor decreases (Khazaei and Aghaz, 2017).

	Antioxidants in cells are distinguished into 2 groups, namely enzymatic (primary) and non-enzymatic (secondary) antioxidants. Enzymatic antioxidants are also referred to as antioxidants that work by preventing the formation of new free radical compounds (Zulaikhah, 2017). Enzymatic antioxidants include the enzymes superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px). The mechanism of action of enzymatic antioxidants is to catalyze the extermination of free radicals in cells (Azat Aziz et al., 2019). Chain-breaking antioxidants are small molecules that can receive or give electrons to or from  free radical  so as to form stable compounds (Lü et al., 2010). 

	Non-enzymatic antioxidants are also called preventive defense antioxidants that work by cutting or capturing chain oxidation reactions from free radicals so that they will not react (Nimse and Pal, 2015). Non-enzymatic mechanisms consist of: 1) glutathione which is a very important antioxidant and is abundant in the cytoplasm (Lushchak, 2012); 2) bilirubin which is an antioxidant found in the blood (Sedlak et al., 2009); 3) melatonin which is a type of powerful antioxidant (Tarocco et al., 2019); and 4) coenzyme Q which acts as an antioxidant that dissolves inside the fat membrane (Littarru and Tiano, 2007). In addition, vitamin C, β-carotene, flavonoids and albumin are found in plants (Kumar and Pandey, 2013). One of the flavonoid components of plants that can function as antioxidants is a natural coloring agent called anthocyanins (He and Monica Giusti, 2010). Non-enzymatic antioxidants have great value as additives for pharmaceuticals and others (Kumar et al., 2014)

	 

	CONCLUSION

	 

	Enzymatic and non-enzymatic antioxidant supplementation on the medium increases the number of oocytes that reach metaphase II (MII), cell division and blastocyst. Non-enzymatic antioxidant supplementation is more effective than enzymatic antioxidants in supporting the development of bovine embryos produced in vitro. As a suggestion, antioxidant supplementation in maturation media or culture media with the use of non-enzymatic antioxidants
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