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Abstract : During storage, boar spermatozoa undergo several changes including diminished motility and viability and
accumulated reactive oxygen species (ROS). In this study, we investigated the effects of green tea extract (GTE)
supplementation in the Sui Dil extender on the sperm motility, viability, ROS and lipid peroxidation (LPO) of long-
term preserved boar semen at 17oC. A total number of eight boars were used for this experiment. Pooled ejaculates
were diluted to 20 × 106 sperm/ml in the Sui Dil extender containing 0 (control), 1, 10, 100 or 500 mg/l GTE and
were preserved at 17oC for 24, 72, 120 and 168 h, respectively. At each storage time, sperm motility and viability
were estimated by microscopic examination and the fluorescent double stain Fertilight®, respectively. Sperm ROS level
and LPO were assessed using the 2’, 7’-dichlorodihydrofluorescein diacetate (H2DCFDA)/propidium iodide (PI) and
C11-BODIPY581/591/PI with flow cytometry, respectively. Compared to that of the 500 mg group, there were higher
sperm motility and viability in the 1, 10 and 100 mg GTE groups during the preservation from 24 to 168 h (p < 0.05).
The ROS levels of the 10 and 100 mg groups during the 168 h preservation were lower than those of the 0, 1 and
500 mg groups (p < 0.05). There were no significant differences in LPO regardless of the preservation period or the
GTE concentration. In conclusion, the optimal concentrations (10 and 100 mg/l) of GTE that led to lower ROS levels
may be useful for liquid boar sperm preservation at 17oC for a period of 168 h.
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Introduction

Artificial insemination (AI) in pig breeding has increased

worldwide. Its use is made possible by extended semen pre-

servation at 15-18oC for several days (21,32). This semen stor-

age technique has several advantages. For example, it allows

semen dose distribution while preserving fertility. Moreover,

it improves both production efficiency and economic profit

for the AI industry. However, storage exceeding 48 or 72

hours may negatively affect the farrowing rate and litter size

(15,37). During storage, the boar spermatozoa undergo sev-

eral changes including diminished motility, diminished via-

bility and alterations in membrane permeability (36,37). 

Semen quality is affected by preservation procedures

including dilution and cooling. Dilution and cooling are asso-

ciated with the generation and imbalance of reactive oxygen

species (ROS) (7,13). Therefore, it has been suggested that

sperm fertility may be diminished secondary to oxidative dam-

age from inappropriate ROS formation or from subsequent

membrane lipid peroxidation (LPO) (11,33). LPO can cause

membrane damage, inhibition of respiration and leakage of

intracellular enzymes (40).

In general, antioxidants prevent free radicals or their reac-

tive metabolites from oxidizing biologically important mole-

cules. Antioxidants can also reduce the impact of oxidative

stress during the sperm storage process and generally improve

the quality of liquid-stored boar semen (17). The use of

herbal antioxidants has recently gained attention for ROS

inhibition. They have been shown to have a beneficial anti-

oxidant effect on mammalian spermatozoa. There is a partic-

ular interest in natural antioxidants because of their safety

and limited toxicity compared to those of synthetic antioxi-

dants (4). The antioxidant properties of green tea extract

(GTE) have been explored in various experiments involving

food, T-cells and cosmetics (16,44,45). The main constituents

of green tea flavonoids are catechins. GTE also has some

other flavonols including kaempferol, myricetin and quercetin

and contains gallic acid and other phenolic acids containing

chlorogenic acid and caffeic acid (8). The health benefits of

green tea are attributed mainly to their antioxidant proper-

ties, which are mediated by the ability of the polyphenolic

catechins to scavenge ROS (42). Recently, effects of green

tea polyphenol on the quality of canine semen preserved at

5oC were studied (41). However, the effect of GTE on long-

term boar sperm storage at 17oC has never been studied.

Therefore, the aim of this study was to assess the effects of

GTE supplementation on the quality of liquid-stored boar

semen at 17oC for 168 h. Therefore various concentrations of

GTE were added to the extended semen for long-term liquid

preservation. The sperm were then assessed for motility, via-

bility, intracellular ROS levels and lipid peroxidation during

different storage time (24, 72, 120 and 168 h, respectively).
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Materials and Methods

Chemicals

Unless indicated otherwise, all chemicals were purchased

from Sigma-Aldrich (St. Louis, MO, USA). All solutions

were prepared using high-purity water (6114VF, Sartorius

AG, Goettingen, Germany).

Preparation of green tea extract 

Green tea powder (GTP) was obtained from Bioland (GTP-

020968, Seoul, Korea). GTE was prepared by modifying the

methods of Yu et al. (44). Green tea solutions of different

concentrations (four stock solutions: 100, 1,000, 10,000 and

50,000 mg/l, respectively) were prepared by dissolving GTP

in 3rd distilled water and filtered by 1.2 µm (Sartorius, Goet-

tingen, Germany). High performance liquid chromatography

(HPLC) analysis of 100,000 mg/l GTE showed 45.9 mg/l of

catechin, 141 mg/l of epicatechin, 297.4 mg/l of gallocatechin,

424.3 mg/l epigallocatechin, 392.7 mg/l of gallocatechin gal-

late and 392.7 mg/l of epigallocatechin gallate. All were

determined by chromatography method (6430 LC/MS/MS,

Agilent, Santa Clara, USA) at the center for university-wide

research facilities in Chonbuk National University.

 

Semen collection and processing

A total number of eight boars (2 Duroc jersey and 6 York-

shire) were used for this experiment. The semen collected

using gloved-hand technique was filtered through four layers

of sterile gauze to remove the gel particle. The sperm-rich

fraction of ejaculates with greater than a minimum of 75%

motile and 80% morphologically normal spermatozoa was

used in this study. The collected semen was pooled to reduce

individual differences. The pooled semen were extended (1 :

1[v : v]) in Beltsville thawing solution (BTS; 37 mg/ml glu-

cose, 1.25 mg/ml EDTA, 6 mg/ml sodium citrate, 1.25 mg/ml

sodium bicarbonate, 0.75 mg/ml potassium chloride, 0.6 mg/

ml penicillin and 1 mg/ml streptomycin) (30). The diluted

spermatozoa were assessed for volume, sperm concentration

and percentage of motile spermatozoa. Immediately after

evaluation, the diluted spermatozoa were stored to 24oC for 2 h.

Experimental design

GTE stock solution with different concentrations was

added into the diluted semen (1 : 100 [v : v]), respectively.

Final concentrations of GTE were 1, 10, 100 and 500 mg/l,

respectively. The diluted spermatozoa (20 × 106 sperm/ml)

were stored at 17oC with constant gentle agitation for up to

168 h. The diluted semen without GTE was regarded as con-

trol. The sperm were then assessed for intracellular ROS lev-

els, LPO, motility and viability after 24, 72, 120 and 168 h,

respectively.

Sperm motility

Semen (10 µl) was placed on a slide and cover-slipped.

The percentage of progressive motile sperm was estimated

under microscopic examination at 400 × magnification (43).

Sample identity was hidden from the operator and the sam-

ples were randomly numbered to avoid the operator bias in

subjective evaluation. The samples in each group were

assessed in duplicates. The mean of eight successive esti-

mates was recorded as the final motility score.

Sperm viability

The sperm viability was measured using the fluorescent

double stain Fertilight® (Molecular Probes Inc., Eugene, OR,

USA). Two slides were prepared for each replicate sample.

Appropriately 200 spermatozoa were counted per slide. The

number of green or red fluorescent spermatozoa was counted

under a fluorescence microscope (Axio, Carl Zeiss, Goettin-

gen, Germany) fitted with a 488 nm excitation filter. The per-

centage of membrane-intact spermatozoa (green fluorescence

in sperm head) was calculated.

Sperm intracellular H2O2

Hydrogen peroxide(H2O2) was detected using 2’,7’-dichlo-

rodihydrofluorescein diacetate (H2DCFDA; Molecular Probes

Inc., Eugene, Oregon, USA) (19). The working solutions of

20 mM H2DCFDA was prepared in dimethylsufoxide (DMSO).

Sperm sample (1 × 106 sperm/ml) was mixed with H2DCFDA

to a final concentration of 200 µM. Propidium iodide (PI,

final concentration, 2 µM) was added to H2DCFDA-treated

sperm to differentiate living from dead sperm. The samples

were then incubated at 25oC for 60 min. The mean fluores-

cence intensity (MFI) of DCF was measured to evaluate the

intracellular mean H2O2 per viable sperm population. Values

of X-geometric mean were used as MFI using Cell Quest Pro

software (Becton Dickinson, San Jose, CA, USA).

Membrane lipid peroxidation (LPO)

Sperm LPO evaluation was carried out using a fluorescent

lipid probe (C11-BODIPY581/591: 4,4-difluoro-5-(4-phenyl-

1,3-butadienyl)-4-bora-3a,4a-diaza-s-indacene-3-undecanoic

acid; InvitrogenTM, Eugene, OR, USA). The probe has two

double bonds that become oxidized after contact with ROS.

The semen samples (1 × 106 sperm/ml) were mixed in etha-

nol with 1 µl of 2 mmol C11-BODIPY581/59. This mixture

was then incubated for 30 min at 37oC in the dark. Next, the

samples were centrifuged at 500 × g for 3 min. The sperm

pellets were suspended in 500 µl of PBS. To determine the

sperm viability, PI was added and the samples were incu-

bated for five minutes at room temperature. Sperm subpopu-

lations were divided by quadrants and the frequency of each

subpopulation quantified. Forward and sideways light scatter

were recorded for a total of 10,000 events per sample. Dot

plots of C11-BODIPY581/59 / PI-stained spermatozoa showed

four populations of cells. The quadrants were set to deter-

mine and measure the percentage of the following subpopu-

lations: live spermatozoa without LPO (PI-/BODIPY red),

live spermatozoa with LPO (PI-/BODIPY green), dead sper-

matozoa without LPO (PI+/BODIPY red) and dead sperma-

tozoa with LPO (PI+/ BODIPY green). The mean LPO rate

was measured to evaluate the mean BODIPY green per viable

sperm population.

Flow cytometric analysis

The samples were analyzed using a FACScalibur flow

cytometry (Becton Dickinson, San Jose, CA, USA) equipped

with a 15 mW air-cooled 488 nm argon-ion laser. A for-
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ward- and side-scatter gate was used to separate the sperm

cells from debris. All non-sperm events were excluded from

further analysis. The MFI, FL1 (DCF) signals were detected

through a 530/30 nm band-pass filter. The FL2 (PI) signals

were detected through a 585/42 nm band-pass filter. The LPO,

FL1 (BODIPY) signals were detected through a 530/30 nm

band-pass filter. Finally, the FL3 (PI) signals were detected

through a > 670 nm long pass filter. The FACSCalibur is

capable of distinguishing 1024 channels and both red and

green fluorescence intensities of individual cells. Ten thou-

sand sperm cell events were recorded in the list mode with a

flow rate of < 200 events/second. MFI of DCF and events of

BODIPY were analyzed using Cell Quest Pro software.

Statistical analyses

Five replicates were conducted for this experiment. All

data are presented as means ± SE. The interaction between

storage time and GTE concentration was analyzed using two-

way ANOVA followed by Duncan’s multiple range test and

all calculations were performed in the Statistical Analysis

System ver. 8x software (SAS, Cary, NC, USA). The motil-

ity, viability, ROS level and LPO were compared according

to storage time or GTE concentration using one-way ANOVA

followed by Duncan’s multiple range test. p-values < 0.05

were considered statistically significant.

Results

The baseline quality variables (mean ± SE) of the 5 repli-

cates used in the experiments were as follows: initial motil-

ity 95.0 ± 0.0%; viability 93.6 ± 0.3%; ROS level 82.7 ± 21.1

and lipid peroxidation 9.6 ± 0.3%. There were no significant

interactions between GTE concentration and storage time.

Sperm motility

The effects of GTE supplementation on sperm motility are

presented in Table 1. There was higher sperm motility in

groups 0, 1, 10 and 100 mg of GTE supplementation com-

pared to that of the 500 mg group during the 24-168 h pres-

ervation (p < 0.05). The sperm motility in the 100 mg group

was lower than that in the 0, 1 and 10 mg groups at 72 and

120 h (p < 0.05). However, the sperm motility of the 100 mg

group was higher than that of the 500 mg group (p < 0.05). In

all the GTE groups, the sperm motility significantly decreased

from 24 h to 168 h (p < 0.05).

Sperm viability

The effects of GTE on sperm viability are presented in

Table 2. The sperm viabilities of the 1, 10 and 100 mg

groups during the 24-168 h preservation were higher than

that of the 500 mg group (p < 0.05). However, there were no

significant differences between the percent viability among

the groups (0 and 500 mg) at 24 and 168 h. However, the

sperm viability of the control group was higher than that of

the 500 mg group at 72 and 120 h (p < 0.05). In all the GTE

groups, there were significant decreases in sperm viability

from 24 h to 168 h (p < 0.05).

 

Intracellular H2O2

The effects of GTE supplementation in liquid-stored boar

semen on sperm ROS level are shown in Table 3. At 24 and

120 h, the ROS level of the 100 mg group was lower than

Table 1. The effect of GTE supplementation on sperm motility
in boar spermatozoa

GTE

(mg/l)

Motility (%)

24 h  72 h  120 h 168 h

0 0.80 ± 0.0a,A 68 ± 2.0a,B 52 ± 4.8a,C 28 ± 5.8a,D

1 0.80 ± 0.0a,A 68 ± 2.0a,B 52 ± 4.8a,C 28 ± 5.8a,D

10 0.78 ± 2.0a,A 70 ± 3.1a,A 52 ± 4.8a,B 28 ± 5.8a,C

100 0.68 ± 4.8a,A 48 ± 3.7b,B 30 ± 6.3b,C 23 ± 8.0a,C

500 26.2 ± 10.1b,A 9.4 ± 4.3c,B 0 ± 0.0c,B 0 ± 0.0b,B

GTE: green tea extract. 
The motility at collection was 95%.
A,B,C,DMeans with different superscripts in a row differ significantly
(p < 0.05). a,b,cWithin-column values, values with different super-
scripts are statistically different (p < 0.05).
Data are expressed as means ± SE.

Table 2. The effect of GTE supplementation on the sperm
viability in boar spermatozoa

GTE

(mg/l)

Viability (%)

24 h 72 h 120 h 168 h

0 85.1 ± 1.7ab,A 82.4 ± 1.1a,A 80.5 ± 1.4a,A 74.5 ± 1.9ab,B

1 87.4 ± 2.2a,A 84.2 ± 1.2a,A 82.7 ± 1.5a,AB 78.9 ± 1.4a,B

10 86.7 ± 1.5a,A 84.3 ± 1.3a,A 82.6 ± 1.4a,A 77.5 ± 1.4a,B

100 86.3 ± 1.3a,A 83.6 ± 0.6a,AB 80.9 ± 1.0a,B 79.8 ± 1.8a,B

500 80.3 ± 2.2b,A 78.2 ± 1.8b,A 74.9 ± 2.4b,AB 70.2 ± 2.2b,B

GTE: green tea extract. 
The viability at collection was 93.6%.
A,BMeans with different superscripts in a row differ significantly
(p < 0.05). a,bWithin-column values, values with different super-
scripts are statistically different (p < 0.05).
Data are expressed as means ± SE.

Table 3. The effect of GTE supplementation on the ROS level in
boar spermatozoa

GTE

(mg/l)

ROS level

24 h 72 h 120 h 168 h

0 66.7 ± 4.2bc,C 103.4 ± 5.0b,B 124.6 ± 1.9b,B 242.3 ± 23.8a,A

1 72.1 ± 3.0b,C 101.5 ± 4.8b,B 119.1 ± 2.7bc,B 227.0 ± 43.9a,A

10 62.0 ± 2.0cd,D 091.3 ± 5.9b,C 110.1 ± 3.1cd,B 154.6 ± 9.5b,A

100 55.3 ± 0.8d,D 088.1 ± 7.1b,C 104.9 ± 3.5d,B 165.0 ± 32.0b,A

500 234 ± 1.4a,B 172.7 ± 19.8a,C 229.7 ± 4.3a,B 289.1 ± 34.7a,A

GTE: green tea extract, ROS: reactive oxidative species.
The ROS level at collection was 82.7. 
A,B,C,DMeans with different superscripts in a row differ significantly
(p < 0.05). a,b,c,dWithin each storage hour (column), values with dif-
ferent superscripts are statistically different (p < 0.05).
Data are expressed as means ± SE.
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that of the 0, 1 and 500 mg groups (p < 0.05). However, there

was no significant difference between 10 and 100 mg groups.

During the 72 h preservation, the ROS level in the 500 mg

group was higher than those of the 0, 1, 10 and 100 mg groups

(p < 0.05). During the 168 h preservation, the ROS level of

the 10 and 100 mg groups were lower than those of the 0, 1

and 500 mg groups (Fig 1) (p < 0.05). In each GTE group

except 500 mg, the ROS levels increased significantly dur-

ing liquid preservation at 17oC. ROS level at 72 h was lower

than that at 24 h and then ROS increased in 500 mg group

(p < 0.05).

Lipid peroxidation

The effects of GTE supplementation are summarized in

Table 4. There was no difference in LPO regardless of the

preservation period or GTE concentration. 

Discussion

The antioxidative effect of GTE on boar sperm function

has not been demonstrated during long-term semen storage.

In this study, we demonstrated that GTE is an effective addi-

tive in the long-term liquid preservation of boar semen at

17oC.

Our data demonstrated that the ROS level of boar sperm

increased significantly with prolonged preservation at 17oC.

Increased ROS production during long-term storage of boar

semen at 18oC was reported by Lee and Park (24). Other

potential sources of ROS generation during sperm preserva-

tion are ROS leakage from the mitochondrial respiratory

chain and activation of an aromatic amino acid oxidase fol-

lowing death of sperm (6,10,39). During liquid preservation,

live sperm consume and metabolize oxygen, which produces

ROS (1). Interestingly, in the present study, there were lower

ROS levels at 24 h (66.7) in the control group compared to

those at the time of sperm collection (82.7). However, after

preservation for 72 h, the ROS level of boar sperm increased

significantly (103.4). Sperm has little antioxidant capacity at

baseline, which decreases further after extended preservation

(12). The ROS levels are usually well balanced by intracellu-

lar antioxidants. However, when ROS-scavenging mechanisms

fail, spermatozoa are subject to oxidative stress and subse-

quent injury (2). Therefore, we infer that the sperm’s antiox-

idant capacity was reduced about 72 h of storage at 17oC.

Compared to that of the control, the 10 and 100 mg GTE

groups had significantly lower ROS levels at 120 h and 168

h of storage. These data suggest that GTE acts as an antioxi-

dant after the sperm antioxidant capacity becomes impaired

during liquid preservation. However, reduction of ROS in

Table 4. The effect of GTE supplementation on the lipid
peroxidation of boar spermatozoa

GTE

 (mg/l)

Lipid peroxidation rate (%)

24 h 72 h 120 h 168 h

0 10.1 ± 1.7 10.7 ± 1.1 10.9 ± 1.4 11.5 ± 1.9

1 11.3 ± 2.2 11.5 ± 1.2 11.7 ± 1.5 11.9 ± 1.4

10 10.2 ± 1.5 10.4 ± 1.3 10.7 ± 1.4 11.1 ± 1.4

100 10.8 ± 1.3 11.1 ± 0.6 11.8 ± 1.0 11.9 ± 1.8

500 11.1 ± 2.2 11.7 ± 1.8 11.9 ± 2.4 12.1 ± 2.2

The lipid peroxidation rate at collection was 9.6%.
GTE: green tea extract.
Data are expressed as means ± SE.

Fig 1. A representative cytogram of H2DCFDA fluorescence of liquid-stored boar sperm after 168 h. 

A: 0 mg/l, B: 1 mg/l, C: 10 mg/l, D: 100 mg/l, E: 500 mg/l. The LL quadrant represents viable sperm with a low intracellular H2O2

level, while the LR shows viable sperm with a high intracellular H2O2 level. The UL quadrant demonstrates dead sperm with a low

intracellular H2O2 level. The UR shows dead sperm with a high intracellular H2O2 level.
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spermatozoa in all groups could not induce the increase of

sperm motility and viability. Therefore, further studies are

needed to address the success of artificial insemination with

GTE-supplemented sperm with regard to its effects on the

conception rate and litter size.

The four most abundant naturally occurring tea catechins

include (-)-epigallocatechin gallate (EGCG), (-)-epicatechin,

(-)-gallocatechin and (-)-epigallocatechin. In most previous

studies, EGCG alone was used to treat spermatozoa for in

vitro fertilization and Intracytoplasmic sperm injection (22,

23,34). On the other hand, GTE is composed of many poly-

phenolic compounds, generally known as catechins. In this

study, the GTE supplemented in the Sui Dil extender had an

antioxidative effect during liquid sperm preservation at 17oC.

Boar sperm expresses an abundance of intracellular superox-

ide dismutase, which scavenges O2

− by rapidly converting O2

or H2O2 (25,27). On the other hand, boar sperm has extremely

low level of catalase, which converts H2O2 to water and oxy-

gen (38). However, tea catechins are strong scavengers

against superoxide, H2O2, hydroxyl radicals and nitric oxide

produced by various chemicals (18,28,46). Chen et al. (14)

demonstrated that tea catechins significantly decreased ROS

formation in phenochromocytoma (PC12) cells.

The supplementation of 500 mg/l GTE resulted in excep-

tionally negative effect on ROS level at 24 h of GTE treat-

ment. Other than this group, ROS levels were significantly

lower at 24 h. Our results also revealed that high concentra-

tions of GTE (500 mg/l) had a negative effect on sperm

motility at 24 h, not dramatically affecting the sperm viabil-

ity. A decrease in the mitochondrial membrane potential can

result in its dysfunction and decreased ATP production.

Depletion in ATP may be directly responsible for decreased

sperm motility (26). It was reported that ROS formation is

related to decrease ATP production (5). Overall, the higher

ROS and lower motility of the 500 mg/l GTE group means

that sperm motility might be influenced by ROS production

and inhibition of ATP production. On the other hand, ROS

level was transiently decreased at 72 h. Nevertheless, pro-

gressive motility was not reversible since mitochondria might

be exceedingly damaged during 24 h. 

When LPO occurs excessively in the cell’s plasma mem-

brane, there are changes in sperm function and structure

depending on unsaturated fatty acid degeneration (9,29). The

ROS induce LPO of sperm plasma membrane and this is fol-

lowed by a reduction in fluidity of membranes, increasing

non-specific permeability to ions and inactivating membrane-

bound receptors and enzymes (35). We expected that LPO

would be related to ROS because ROS are generated and

accumulated during storage time. However, the BODIPY

level of boar semen did not differ across the groups. That is,

LPO did not occur during the liquid preservation of boar

spermatozoa. The results in the present study are in agree-

ment with other researchers (20) who found that the storage

time during a 120 h-liquid preservation of boar sperm at

17oC did not affect the fluorescence intensity or the number

of cells containing oxidized BODIPY. There is no correla-

tion between the ROS and the very low levels of LPO in

human sperm (3). Moreover, there are species-specific differ-

ences in spermatozoa susceptibility to LPO (31). For example,

geese semen demonstrates low mitochondrial activity, which

may make these cells resistant to LPO during freezing and

thawing. Therefore we infer that boar sperm may not be sus-

ceptible to LPO during storage at 17oC. In future study,

sperm fertility including in vitro fertilization and AI should

be assessed to determine practical use of GTE-supplemented

extender in AI industry.

Conclusion

GTE (10 and 100 mg/l) has beneficial effects on boar

semen because it inhibits ROS generation during long-term

liquid preservation at 17oC. Therefore, GTE can be used as

the antioxidant to reduce ROS generated during such long-

term liquid preservation. 
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