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A review on semen extenders and additives used 

in cattle and buffalo bull semen preservation  
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Nishant Kumar 

 
Abstract 
In the scenario of artificial breeding in cattle and buffalo, the superior quality male germplasm from elite 

bulls is exploited to maximum possible extent by artificially inseminating large number of cows and 

buffaloes merely from a single ejaculate. For this purpose, a good quality semen extender is required 

which plays an indispensable role in improving the post thaw semen quality in terms of sperm viability, 

motility, plasma membrane and acrosomal integrity (PMAI), mitochondrial membrane potential (MMP), 

sperm kinematics etc. Various semen additives are incorporated during extension of semen before 

preservation which imparts anti-oxidant and sperm membrane stabilization properties to improve post-

thaw semen quality. The objective of this review is to disseminate the knowledge about the use of various 

types of semen extenders and additives in bull semen preservation to improve the extent of consuming 

superior male germplasm.   
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1. Introduction 

The most widely used technique for artificial breeding of cattle and buffalo requires a perfect 

medium to extend and preserve the semen ejaculates from elite bulls for the sake of 

exploitation of superior quality male germplasm to the maximum possible extent. Various 

components which combine to make semen extender are such that they possess all those 

properties which protract the longevity of spermatozoa in extended form during harsh ambient 

conditions and cryopreservation. A plenty of insults faced by spermatozoa during storage 

envisaged osmotic changes, pH fluctuations, energy depletion during metabolism, cold shock 

and cryo-damages during freezing-thawing procedures. During cryopreservation, cholesterol to 

phospholipid ratio of sperm bio-membranes gets disturbed mainly due to cholesterol efflux 

and generation of numerous reactive oxygen species (ROS). All these disturbances directly 

compromise spermatozoa fertility. Therefore, a combination of good quality semen extender 

and additives must be used in such a way that fertility of spermatozoa can be retained 

outstandingly during semen preservation.  

 

2. Semen Extender 

Semen Extender or diluent is a chemical medium used for preservation, extension and 

protection of sperm cells against various shocks during processing, storage and transportation 

used for artificial insemination. It must encompasses these properties namely isotonic (280-

310 mOsm/kg), buffering capacity (regulate pH), cold shock protection, energy source (sperm 

metabolism), control microbial contamination, protection during freezing and thawing and 

capable of preserving spermatozoa fertility. Depending upon the period of post collected 

semen usage for A.I., preservation of semen is done in two forms, viz., liquid form (3-5 days) 

and frozen form (years). Semen Storage at refrigeration temperature becomes possible since 

the discovery of egg yolk as beneficial additive and phosphate as primary buffer [1]. Later on, 

use of citrate as buffer enhance sperm survival period at 5 °C [2]. Besides egg yolk, 

homogenized whole milk, fresh or reconstituted skim milk and coconut milk are also used for 

preservation of fertility of spermatozoa. Among various buffers (Tris, TES, MES, HEPES, 

PIPES, MOPS and BES), Tris based diluents are used widely for liquid/frozen semen storage. 

Tris and citrate are most common constituents in extenders used for freezing bovine semen. 

Bicarbonates and sodium citrate are other temperature instable buffers used and in contrast to 

these Tris, TES, MOPS and Hepes are more stable at high temperature and other 
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environmental conditions [3]. Different types of extenders has 

been developed keeping the objective to maintain maximum 

fertility of spermatozoa during storage. Coconut milk 

extender [4], CUE [5, 6], IVT [7] and CAPROGEN® [5, 8] are 

extenders which are used for liquid semen storage at ambient 

temperature (18-24 °C). 

 
Table 1: Additives to extenders (ambient temperature) 

 

Additive Mechanism Effect on fertility Reference 

Glycine (1%) unknown 2.1% [5] 

Caproic acid Maintain membrane integrity & fluidity 1.3% [9] 

Catalase Scavenge free radicles Increase % of non- return rate (NRR) at 49 days [10] 

 

Use of milk as semen extender was first done by Koelliker in 

1856 [11]. Milk contains Lactenin which has spermicidal 

properties (toxic to spermatozoa) should be removed by heat 

treatment before it is used as extender. Foote (1978) [6] 

reported similar results in terms of fertility when both milk 

based and egg yolk citrate extender were compared. Lactose 

in milk is non-permeating and prevents intracellular 

crystallization by creating osmotic pressure outside the cell. 

10% whole milk or skimmed milk along with 7% glycerol and 

antibiotics has been used widely for freezing semen. Now a 

day, its use is restricted due to difficulty in semen evaluation 

under microscope. 

 

2.1 Various components used in semen extender are 

2.1.1 Egg yolk  

It is non-penetrating cryoprotectant used during 

cryopreservation which contains phosphatidylcholine 

(lecithin), phosholipids, lipid extracts, lipoprotein fractions 

and specific lipoproteins which provides protection from cold 

shock [12]. Phospholipid moiety of a LDL fraction provides 

protection against cold shock [13]. The quantity of egg yolk in 

frozen bovine semen extenders commonly used is 15-30% 

(v/v) [14]. Use of 1% and 2.5% egg yolk in tris based extender 

for preservation of buffalo semen at 5 °C shows best sperm 

survival rates during 72 hours period [15]. 

 

2.2 Ions  

For maintaining osmolarity zwitterionic buffers, amino acids, 

α-keto acids and a combination of salts and carbohydrates are 

added in extenders [16, 17]. 

 

2.3 Cryoprotectants 

Polge et al. [18] discover glycerol as cryoprotective agent 

(CPA). Breakthrough in the history of semen preservation 

was happened with the discovery of glycerol as cryoprotectant 

for frozen semen storage. Egg yolk glycerol extender with 

Tris was first developed in 1963 for both fresh and frozen 

semen [19]. Tris-yolk-glycerol, Tris-fructose-yolk-glycerol and 

Citrate-yolk-fructose-glycerol are most widely used Tris and 

citrate based extenders for freezing bovine semen Penetrating. 

CPA like glycerol, PEG, EG and DMSO prevents 

concentration effect (solution effect) of extracellular media. 

Glycerol (7%) is most widely used CPA for bull spermatozoa 

with citrate–yolk and Tris–egg yolk extenders [20]. 

 

2.4 Sugars and ployols 

Semen contains fructose as a source of energy. In egg-yolk 

based extenders glucose is available from egg yolk as an 

energy source. Sugars provide appropriate osmoticum and act 

as CPA [17]. Sugars like Xylose, fructose, glucose, galactose, 

maltose, sucrose and raffinose are used effectively for 

cryopreservation of bull semen [21]. Polyols such as glycerol 

and other sugars form H-bond with polar head groups of 

membrane lipids and replace water from hydrated polar head 

groups thereby stabilize the membrane during phase transition 
[22]. 

 

2.5 Antimicrobials  

E. coli and Salmonella spp. are common contaminant in 

semen [3]. Cl. pyogenes and P. aurogenosa can be transmitted 

via cryopreserved semen. B. abortus, C. fetus, T. fetus, L. 

pomona, M. bovis and Mycobacterium Spp. are source of 

venereal infections [23]. E. coli, Staphylococcus, 

Streptococcus, Pseudomonus, Haemophilus, Salmonella, 

Avian influenza, Campylobacter, Listeria and Mycoplasma 

can be transmitted by egg yolk [24]. According to WHO (2003) 

and OIE semen extender components from animal source 

should be microorganism free. First standard diluent 

containing Penicillin G, Streptomycin and Polymixim-B was 

Cornell extender [25]. In semen extenders which are being used 

for buffalo semen preservation, inclusion of a combination of 

penicillin and neomycin show best results as compared to 

combination of penicillin and streptomycin as far as their anti-

microbial properties are concerned [26]. 

 
Table 2: Combination of anti-microbial drugs used in semen extenders 

 

Antimicrobial Dose Reference 

Penicillin and streptomycin 1 gram per liter [25] 

Ceftiofur, Apramycin and Aminoglycosides 0.2 gram per liter [3] 

Linco-spectin+ tylosin +Gentamycin (Mycoplasma and Bacterial spp.) 300/600 μg +100 μg+500 μg/ml [27, 28] 

 

2.6 Chemically defined and animal protein free extenders 

Focusing on the problems of disease transmission through use 

of various animal protein sources in semen extenders and to 

standardize the components in semen extender, various 

chemically defined semen extender such as powdered coconut 

water based– ACP-111®, Tris based– Tris concentrate — 

Gibco BRL®, commercial egg yolk based media– Botu-Bov®, 

BullXcell®, Bovidyl®, Triladyl® and skim milk based– 

Laciphos® are commercially available. 

Soy bean lecithin based semen extender is primarily obtained 

from plant source. Lecithin in various cryoprotectants takes 

care of sperm plasma membrane by restoring phospholipids 

which get lost during extension, cooling and cryopreservation 

and protect viability of cell [29].  

Animal protein free commercial diluent used for semen 

preservation are Biocephos plus®, Bioxcell® and 

AndroMed® [30, 31]. 

 

3. Semen Additives 

During cryopreservation, the biological membranes of 

spermatozoa are primarily affected site which ultimately 

results in their demise. A large number of spermatozoa 
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become non-viable and those which remain alive develop 

cryocapacitation, DNA fragmentation and abnormal 

acrosomes. These adventitious changes lead to sudden decline 

in sperm fertility. During cooling and freezing of 

spermatozoa, cholesterol to phospholipid ratio of sperm bio-

membranes get disturbed mainly due to cholesterol efflux and 

numerous reactive oxygen species (ROS) are produced. 

Various additives has been used till now which imparts 

antioxidant properties during semen extension and 

preservation are Regucalcin, Curcumin, Sodium pyruvate, 

Glutathione, Astaxanthin, Virgin coconut oil, Epidermal 

growth factor, Oviductal proteins, Diospyros kaki, Lycopene, 

Coenzyme Q10, Silymarin, Melatonin etc. 

Membrane stabilizers such as Cholesterol- loaded 

cyclodextrins, Soy –lecithin, Docosahexanoic acid etc. has 

been recently used to improve post-thaw semen quality which 

protects sperm PM from destabilization during cooling and 

freezing. 

 
Table 3: Various additives used during semen extension for chilled and frozen semen storage 

 

Additive Extender MOA Effect Reference 

Cysteine (0.2%) 

(Buffalo semen) (4-7 °C) 

(96 hrs) 

Citric-whey 

extender 

-SH group of cysteine destroy lactanin 

(spermicidal toxin) 

Increase motility (45%) and non-

eosinophilic spermatozoa (51%) 
[32] 

Iodixanol (2.5 %) (Cattle 

semen) 
Tris -egg yolk 

Non-penetrating cryoprotectant (altering 

the ice crystal formation by removal of 

water from the solution at lower 

temperatures) 

Increase progressive motility 

(27.33%), viability (85.33%), 

PMAI (59.94%) 

[33] 

Cholesterol- loaded 

cyclodextrins (5mM) 

(Buffalo semen) 

Tris-Egg 

Yolk-Glucose 

Restore lipid profile of sperm plasma 

membrane 

Increase post thaw motility 

(63.33%), viability index (150.00), 

improves stability of spermatozoa 

Plasma membrane – reflected by 

decrease in seminal plasma ALP 

(18.67), ALT (18.67) and AST 

activities (28.67) 

(IU/L) 

[34] 

Soy-lecithin (25%) (Buffalo 

semen) (5 °C) (72hr) 

Soya milk 

based-extender 

Lecithin protects plasma membrane by 

restoring phospholipids 

Enhances sperm membrane (48.3%) 

and acrosome integrity (93.3%), 

viability (48.3%) and motility 

(43.9%) 

[35] 

Cholesterol- loaded 

cyclodextrins (3mg/ml) 

(Buffalo semen) 

BullXcell® 
Stabilizing plasma membrane by 

restoring cholesterol:phospholipid 

Reduce sperm cryocapacitation – 

CTC pattern B (51.3%), tyrosine 

phosphorylated pattern EA (5.6%) 

[36] 

Docosahexanoic acid 

(3ng/ml) (Brangus–

Simmental cross-bred 

semen) 

BioXcell® 

Increases cryogenic tolerance and 

maintains 

physiological properties of the lipid 

bilayer 

Increase in sperm motility 

(48.94%), normal 

Morphology (70.63%), viability 

(73.42%), acrosome integrity 

(75.68%) and membrane 

Integrity (74.84%) 

[37] 

Nanoparticles like Tio2, 

Multi Walled Carbon Nano 

Tube- Gold (MWCNT-Au) 

and others Ni, Fe2O3 or 

Fe3O2 and Au 

----- 

Bind to DNA in the nucleus. When 

passed through strong magnetic field 

separates X and Y spermatozoa 

 

------- [38, 39] 

Coconut water (Buffalo 

semen) 

CEBRAN-l 

diluter 

Indole-3-acetic acid (IAA) – inhibits 

enzyme PLA2 

Increase motility (38.8%), viability 

(61%) and less acrosomal damage 

(10.4%) 

[40] 

Regucalcin (40 μg/ml) 

(Buffalo semen) 

Tris-citric 

acid-fructose-

egg yolk-

glycerol 

Ca2+ homeostasis and antioxidant 

property, stimulate gluconolactonase 

enzyme 

Increase in post-thaw progressive 

motility (50.6%), acrosome 

integrity (75.6%) and ZP binding 

(191.9) 

[41] 

Curcumin (diferuoyl 

methane) (1.5 mM) (Buffalo 

semen) 

Tris-citric 

acid extender 

Radical trapping-antioxidant (H-atom 

transfer from CH2 group at the centre of 

the heptadione link along with that of its 

phenolic –OH group 

High progressive motility (23.27%), 

rapid velocity (31.53%) and other 

secondary motion characteristics, 

high plasma membrane integrity 

(30.47%) and viable spermatozoa 

with intact acrosome (61.87%) 

[42] 

Sodium pyruvate (5mM) 

(Simmental bull semen) 
Triladyl® H2O2 scavenger 

Higher levels of rapidly motile 

sperm (32.29%), plasma membrane 

and acrosome intact sperm 

(53.32%) and high MMP (59.94%) 

and lower % of DNA fragmentation 

(9.27%) 

[43] 

GSH (2.0 mM) (Nilli-Ravi 

buffalo semen) 
Tris-citric acid Enzymatic antioxidant property 

Increase sperm motility (56.7%), 

viability (89%), plasma membrane 

integrity (88.7%) and acrosomal 

integrity (94%) 

[44] 

GSH (0.5mM) (Cattle 

semen) 

Egg yolk- tris 

glycerol 

Enzymatic antioxidant (catalyse 

reduction of H2O2) 

Decrease in CTC pattern B 

(37.23%) and AR (1%) and % of 
[45] 
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DNA fragmentation (9%) and 

increase in % of spermatozoa 

having high MMP (69.3%) 

Astaxanthin 

(2μM ) 

(Karan Fries semen) (5 °C) 

(72 hrs) 

Tris egg yolk 

citric acid 

fructose 

Antioxidant property 

Increase progressive motility 

(72.5%), % of live sperm (80.92%) 

and reduce levels of catalase 

(14.43U/ml) and SOD (30 U/ml) 

[46] 

Soy lecithin (1.5 %) with 

2% virgin coconut oil 

(VCO) 

(4 °C) (72hr) 

Tris-based 

extender (egg 

yolk free) 

VCO contains antioxidants such as 

tocotrienol, polyphenols, and 

tocopherols 

improves sperm viability (64.83%), 

acrosome integrity (75.5%), 

morphology (97.96%), membrane 

integrity (62.29%) and lipid 

peroxidation status- MDA (23 

nmol/sample) 

[47] 

Epidermal growth factor 

(100 ng/mL) (Buffalo 

semen) 

Bioxcell® 
Inhibit the propagation 

of the peroxidative chain reaction 

Decrease in AST (34.99), ALP 

(24.05), ACP (0.98) and LDH 

(42.3), TBARS (1.08 nmol/ml) and 

MDA (17.92 nmol/ml) 

(decrease in enzyme leakage and 

lipid peroxidation) 

[48] 

Oviductal proteins (NLIP) 

(1mg/ml) (Buffalo semen) 

Tris-egg yolk-

citrate 

Non luteal isthmic oviductal proteins 

(NLIP), catalase in oviductal secretions 

Increase in motility (51.25%), 

viability (69.75%) and acrosomal 

integrity (75.25%) 

[49] 

Diospyros kaki 

(Persimmon fruit) (Cattle 

semen) 

(for chilled and frozen 

semen) 

Tris-Citrate-

Fructose egg 

yolk 

Antioxidant property (due to high level of 

carotenoids, flavanoids and polyphenols) 

Increase post thaw sperm motility 

(57%), higher conception rate 

(66.67%) 

[50] 

Lycopene (1.5 mmol/l) 

(natural carotenoid) (Bovine 

semen) 

Triladyl® 
Scavenger of singlet oxygen (1O2) and 

other ROS 

High progressive motility (43.01%) 

and improved secondary motion 

characteristics, plasma membrane 

stability (84.90%), acrosomal 

Integrity (85.20%), mitochondrial 

activity (147.50%), low 

intracellular superoxide generation 

(42.58%) and MDA (2.43 μmol/g 

protein) 

[51] 

Vitamin E+C 

(1mg+5mM/ml) 

(Karan Fries Semen) 

Tris-citric 

acid-Fructose 

egg yolk 

Non-enzymatic antioxidants 

Post thaw Lower total sperm 

abnormalities (17.36%) and 

increase HOST % (42.35%) 

[52] 

Vitamin B12 (2.5mg/ml) 

(Bovine semen) 

Tris-Citrate-

Fructose egg 

yolk 

Prevent the generation of 

oxygen radicals 

Improve sperm motility (53.67%) 

and high levels of oxidative defense 

enzymes (IU/ml) – SOD (1.63), 

CAT (3.25), GSH-Px (102.36) and 

GSH (24.12) 

[53] 

Alpha- tocopherol (4.8mM) 

(Holstein bull semen) 
Bioxcell® Scavenge ROS 

Increase motility (75.9%) and 

velocity parameters, sperm viability 

(76.1%), decrease MDA (6.1 

nmol/ml) and H2O2 (3.2 nmol/ml) 

[54] 

Coenzyme Q10 

(ubiquinone) (30 μM) 

(Cattle and Buffalo semen) 

Tris-egg yolk 

Prevents LPO and 

DNA fragmentation (lipid soluble 

antioxidant and scavenge free radicals) 

Increase post thaw motility 

(65.8%), livability (68.3%), plasma 

membrane (67.9%) and acrosome 

integrity (22.9% damage 

acrosome), lowers sperm 

abnormalities (22.7%) with reduced 

levels of AST (25.1 IU/l)and ALT 

(21.7 IU/l) 

[55] 

Silymarin 

(Silybum marianum) (0.18 

& 0.36 mg/ml) 

(Cattle semen) 

(for chilled and frozen 

semen) 

Tris-Citrate-

Fructose egg 

yolk 

Antioxidant property, stimulate rRNA 

and antioxidant enzymes like SOD and 

GSH-Px 

Increase post thaw motility 

(47.5%), viable spermatozoa 

(83.83%) and intact spermatozoa 

(70%), decrease in abnormal 

spermatozoa (18.67%) 

[56] 

Melatonin (2.0 and 3.0 mM) 

(Bovine semen) 

Citrate- egg 

yolk 

Sequester and neutralize free radicals, 

electron donation, stimulate GSH-Px, 

catalase, and SOD 

Increase post thaw sperm motility 

(30.1%), viability (69.8%), plasma 

membrane integrity (68.3%), 

normal sperm (93.1%), 

and antioxidant enzymes activity) 

[57] 

 

4. Conclusion  

Different types of extenders has been developed keeping the 

objective to maintain maximum fertility of spermatozoa 

during storage. Tris-yolk-glycerol, Tris-fructose-yolk-glycerol 

and Citrate-yolk-fructose-glycerol are most widely used Tris 

and citrate based extenders for freezing bovine semen. By 

incorporating various types of additives in semen extenders 

for cryopreservation, significant improvement is reported in 
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post thaw sperm quality in terms of increased % motility, 

viability, PMAI, MMP and reduced DNA fragmentation, 

capacitation like changes reflected by less CTC pattern B and 

AR, Tyrosine Phosphorylated pattern A, E and AE. 

 

 
 

Fig 1: Chlortetracycline (CTC) assay F- pattern showing intact acrosome and non-capacitated ; B- pattern showing intact acrosome and 

capacitated; AR- pattern showing lost acrosome, capacitated, and acrosome reacted.[58] 

 

 
 

Fig 2: Tyrosine phosphorylation patterns: ET- Phosphorylated equatorial sub segment and tail; T- Phosphorylated tail and AET- Phosphorylated 

acrosomal area, equatorial sub segment and tail. [45] 

 

 
 

Fig 3: SYBR-14 stains viable sperm green and Propidium Iodide stains dead sperm as red. [59] 
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