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Table 1 - Correlation coefficients of various quality parameters in boar semen extended with
 five different diluents during long term storage at 16.5°C.

	Parameters
	Membrane Integrity
	High

MMP
	Damaged Acrosome
	pH
	Overall Motility
	Progressive Motility

	Membrane Integrity
	
	0.866**
	-0.402**
	-0.277**
	0.681**
	0.700**

	High

MMP
	0.866**
	
	-0.362**
	-0.389**
	0.626**
	0.593**

	Damaged acrosome
	-0.402**
	-0.362**
	
	NS
	-0.482**
	-0.510**

	pH
	-0.277**
	-0.389**
	NS
	
	-0.221**
	-0.175**

	Overall motility
	0.681**
	0.626**
	-0.482**
	-0.221**
	
	0.889**

	Progressive motility
	0.700**
	0.593**
	-0.510**
	-0.175**
	0.889**
	


** P<0.01
Statistical Analyses

The study used the split ejaculate technique; means for the six collections for each boar, for each storage time point and for each diluent were subjected to the statistical analysis. All data were tested for normal distribution prior to analysis. The percentages of viable spermatozoa, high MMP, spermatozoa with damaged acrosomes, OM, PM and pH were analysed using 2-way ANOVA for repeated measure during time. Post-hoc comparisons among groups were made based on the Duncan test. Data are presented as mean ± S.E.M.

Correlations between the different parameters were calculated by means of the Pearson correlation coefficient with p<0.05 as the significance level. Statistical analyses were performed using SPSS 8.0 (SPSS Inc., Chicago, IL, USA).

Results 

The correlation coefficients among different parameters and their statistical significance are shown in Table 1.

Table 2 - Percentages of overall motile spermatozoa (OM), evaluated by the SpermVision( computer assisted sperm analysis system, in boar semen diluted with different extenders during storage for 15 days at 16.5°C (mean + SEM). 
	Time Points

(Days)
	SFM
	AeG
	BTS
	AN
	M III

	0
	87.0±2.81 aA
	87.0±2.81 aA
	87.0±2.81 aA
	87.0±2.81 aA
	87.0±2.81 aA

	0.5
	85.5±1.11 aA
	85.0±2.03 abcB
	80.0±2.30 abAB
	80.4±1.87 bcB
	70.4±3.24 bcB

	1
	84.4±1.50 aA
	77.3±2.51 abcB
	80.1±2.48 abB
	74.8±5.72 bcBC
	69.0±6.59 cBC

	3
	85.5±2.19 aA
	70.1±2.69 bcBC
	71.9±4.59 bB
	62.2±4.91 cC
	64.0±6.38 bcBC

	6
	74.8±2.58 aB
	63.4±2.04 bCD
	61.3±7.28 bC
	46.5±3.51 cD
	57.1±6.62 bC

	9
	71.2±4.49 aBC
	59.1±2.34 bD
	61.2±4.40 aC
	43.9±5.56 cD
	59.5±5.66 bC

	12
	68.3±4.59 aC
	61.8±5.84 abD
	56.6±4.71 bD
	52.4±4.28 bD
	56.4±5.67 bC

	15
	61.0±2.62 aD
	64.3±5.09 abCD
	41.1±3.87 bcE
	46.3±3.78 cdD
	53.7±5.03 dC


Different letters represent significant difference (P<0.05). Capital letters point out the effect of time (in same column). Regular letters point out the effect of extender (in same line).
The mean percentage of OM at time 0 was 87 ± 2.81 and this value decreased progressively over time for all extenders (p<0.0000001). On day 1, none of the extenders significantly dropped below 70 %. Motility of  SFM- and AeG-diluted spermatozoa did not significantly drop below the threshold of 60 % until day 15, even if the SFM samples showed significantly higher values than the AeG ones on days 3, 6 and 9. BTS and MIII performed well since the OM did not fall below the 60 % threshold until day 12 of storage. For this parameter, AN showed the worst behaviour since the threshold was passed on day 6 of storage.

Table 3 - Percentages of progressive motile spermatozoa (PM), evaluated by the SpermVision( computer-assisted sperm analysis system, in boar semen diluted with different extenders during storage for 15 days at 16.5°C (mean + SEM).  

	Time Points

(Days)
	SFM
	AeG
	BTS
	AN
	M III

	0
	75.6±4.07aA
	75.6±4.07aA
	75.6±4.07aA
	75.6±4.07aA
	75.6±4.07aA

	0.5
	73.9±1.42 aA
	67.9±2.03 aB
	61.0±2.30 bB
	60.4±1.87 bB
	60.1±3.24 bB

	1
	72.4±3.33 aA
	61.2±3.85 bBC
	57.5±5.49 bC
	59.2±7.00 bB
	46.5±7.70 cC

	3
	68.3±3.71 aA
	54.8±3.08 bBCD
	52.0±7.55 bC
	46.4±7.52 bCD
	42.6±7.59 cCD

	6
	56.6±5.39 aB
	48.8±2.63 aCDE
	47.0±7.24 aC
	30.8±3.08 bE
	33.2±7.91 bCD

	9
	54.3±6.57 aB
	45.8±1.84 abDE
	45.7±7.17 abC
	38.4±6.19 bDE
	38.9±6.53 bCD

	12
	51.6±5.66 aBC
	46.5±5.00 abDE
	46.5±7.90 abC
	38.0±4.94 bcDE
	32.8±5.44 cCD

	15
	43.3±5.90 aC
	42.9±9.09 aE
	29.4±8.00 aD
	30.0±3.44 aE
	30.9±5.08 aD


Different letters represent significant difference (P<0.05). Capital letters point out the effect of time (in same column). Regular letters point out the effect of extender (in same line). 
Sperm PM decreased progressively over time for all extenders (p<0.0000001). At time 0, PM was 75.61 ± 4.07 %. The drop for this parameter was faster in MIII than in the other extenders; in fact, it decreased from 60.1 ± 3.24 % at 12 h to 46.5 ± 7.70 % on day 1, but on day 3 the value was no worse than that obtained for BTS and AN. The PM of  AeG-, AN- and BTS-diluted spermatozoa significantly dropped below 60 % on day 3 while spermatozoa diluted in SFM passed the threshold only on day 12. On day 15, no significant differences were observed among the five extenders with values ranging from 29.4 to 43.3 %. 
Table 4 – Percentages of membrane-intact spermatozoa, evaluated by SYBR-14/PI staining, in doses prepared with different extenders and stored at 16.5°C for 15 days (mean + SEM). 

	Time Points

(Days)
	SFM
	AeG
	BTS
	AN
	M III

	0
	82.5±1.44aA
	82.5±1.44aA
	82.5±1.44aA
	82.5±1.44aA
	82.5±1.44aA

	0.5
	77.9±1.42 aB
	75.3±2.03 abB
	70.0±2.30 cB
	71.4±1.87 bcB
	67.4±3.24 cB

	1
	75.6±1.40 aBC
	73.3±2.10 aB
	67.1±1.84 bBC
	66.2±1.79 bB
	59.6±2.54 cC

	3
	73.3±1.44 aCD
	72.0±2.94 aBC
	62.7±3.65 bD
	58.5±4.08 bC
	52.0±2.16 cD

	6
	71.0±2.01 aDE
	70.6±2.31 aBC
	64.6±1.93 aCD
	55.9±3.05 cCD
	49.5±2.34 dDE

	9
	69.4±1.61 aEF
	71.2±2.91 aC
	60.6±1.78 bD
	53.5±3.47 cCD
	46.9±2.34 dE

	12
	66.6±1.58 aFG
	67.6±2.92 aCD
	55.3±0.96 bE
	50.0±3.57 cDE
	41.4±1.7 aF

	15
	63.8±1.46 aG
	65.7±2.06 aD
	51.8±2.01 bE
	44.0±4.59 cE
	36.5±1.71 dG


Different letters represent significant difference (P<0.05). Capital letters point out the effect of time (in same column). Regular letters point out the effect of extender (in same line).
At time 0, fresh semen showed a high percentage of membrane intact spermatozoa (82.5 ± 1.44) and sperm viability remained over 70 % for all extenders at least for 12 h after dilution. Nevertheless, viability decreased over time for all extenders (p<0.0000001). AeG- and SFM-diluted sperm still showed high viabilities at day 15 (65.75 ± 2.06 % and 63.8 ± 1.46 %, respectively) whilst MIII and AN showed viabilities lower than those of AeG and SFM (day 15) already at day 1 and day 3, respectively, reaching a very low level on day 15 (36.5 ± 1.71 %; 44.0 ± 4.59 %).  BTS diluted spermatozoa had an intermediate viability as, only after day 9, the mean percentage of sperm with intact membranes fall below the AeG and SFM (day 15) threshold. 

Table 5 - Percentages of spermatozoa with active mitochondria, evaluated by JC-1 staining, in boar semen diluted with different extenders during storage for 15 days at 16.5°C (mean + SEM). 

	Time Points

(Days)


	SFM
	AeG
	BTS
	AN
	M III

	0
	76. 7±3.52aA
	76. 7±3.52aA
	76. 7±3.52aA
	76. 7±3.52aA
	76. 7±3.52aA

	0.5
	73.7±3.14 aAB
	69.9±5.10 abB
	63.2±1.74 bcB
	59.6±4.36 cB
	57.5±4.03 cB

	1
	73.0±2.74 aAB
	71.2±2.10 aAB
	62.4±3.44 bB
	53.8±3.49 cBC
	49.2±2.84cC

	3
	70.3±2.18aBC
	70.3±2.35 aB
	61.7±3.18 aBC
	48.5±6.31 bCD
	49.1±2.48 cC

	6
	69.4±1.70 aBCD
	68.0 ±2.32 aBC
	56.7±2.53 bCD
	46.0±5.63 cCDE
	46.5±2.28 cC

	9
	67.1±1.50 aCD
	68.1±3.26 aBC
	52.7±2.85 bDE
	42.0±6.44 cDEF
	43.5±2.49 cCD

	12
	65.1±1.36aDE
	62.6±1.67 aCD
	49.0±2.58 bEF
	37.3±5.47cEF
	37.70±1.17cDE

	15
	62.2±1.49 aE
	59.4±2.48 aD
	44.5±2.25 bF
	33.8±5.22 cF
	34.3±1.50 cE


Different letters represent significant difference (P<0.05). Capital letters point out the effect of time (in same column). Regular letters point out the effect of extender (in same line).
At point 0, the  76.67 % of spermatozoa presented active mitochondria; then mean values decreased over time for all extenders (p<0.0000001). SFM- and AeG-diluted spermatozoa behaved in the same manner until the last time point, reaching a value of approximately 60% only on day 15. Interestingly, after a small and initial decrease, AeG and SFM reached a plateau between 12 h and 9 days. On the contrary, MIII- and AN-diluted spermatozoa showed progressive and substantial decreases until the end (34.3 ± 1.50 %; 33.8 ± 5.22 %). Spermatozoa diluted in BTS had an intermediate behaviour, with good efficiency until day 6.

Table 6 - Percentages of acrosome damaged spermatozoa, evaluated by Coomassie Blue stain, in boar semen diluted with different extenders during storage for 15 days at 16.5°C (mean+ SEM). 
	Time Points

(Days)
	SFM
	AeG
	BTS
	AN
	M III

	0
	5.3±1.50 aA
	5.3±1.50 aA
	5.3±1.50 aA
	5.3±1.50 aA
	5.3±1.50 aA

	0.5
	5.8±1.45 aA
	5.7±1.34 aA
	6.3±0.99 aAB
	6.4±1.20 aA
	6.0±1.19 aAB

	1
	7.4±1.42 aA
	6.2±1.35 aAB
	8.0±1.55 aABC
	7.9±1.35 aAB
	7.7±1.63 aAB

	3
	8.1±1.51 aAB
	6.9±1.61 aAB
	8.7±1.60 aBC
	9.9±1.66 aBC
	8.9±1.96 aABC

	6
	9.3±1.99 aABC
	8.4±2.28 aABC
	9.7±1.54aCD
	11.2±2.07 aBCD
	9.3±1.66 aABCD

	9
	11.8±3.02 aBC
	10.1±2.56aBCD
	9.8±1.44 aCD
	12.6±2.25 aCDE
	9.9±2.06 aBCD

	12
	13.1±2.84 aCD
	12.1±2.67 aCD
	12.6±1.81 aDD
	14.5±2.13 aDE
	12.1±2.38 aCD

	15
	16.4±3.31 aD
	12.9±2.02 aD
	13.5±2.29 aE
	15.0±1.76 aE
	13.4±3.13 aD


Different letters represent significant difference (P<0.05). Capital letters point out the effect of time (in same column). Regular letters point out the effect of extender (in same line).
At time 0, the mean percentage of spermatozoa with damaged acrosomes was 5.3 ± 3.67; this value increased over time for each extender with similar kinetics (p<0.0000001), showing no statistical differences among diluents (p=0.951). On day 15, the percentages of spermatozoa with damaged acrosomes in the five extenders ranged from 12.9 to 16.4 %.

Table 7 -  pH of diluted boar semen with the five extenders during long term storage at 16.5°C (mean + SEM).  The time 0 value is the pH of each extender before use and after at least 12h of calibration. 

	Time Points

(Days)
	SFM
	AeG
	BTS
	AN
	M III

	0
	6.7±0.02aA
	6.9±0.01 bA
	7.4±0.01cA
	8.1±0.11 dA
	7.6±0.01 eA

	0.5
	6.7±0.02 aA
	6.8±0.04bA
	7.3±0.09 cB
	7.8±0.09 dB
	7.3±0.11 cB

	1
	6.7±0.04aAB
	6.8±0.05bAB
	7.2±0.06 cB
	7.7±0.09 dB
	7.2±0.06 cB

	3
	6.7±0.08AB
	6.9±0.1 bB
	7.3±0.11 cB
	7.7±0.1 dB
	7.2±0.09 cB

	6
	6.6±0.07 aBC
	6.9±0.07 bAB
	7.3±0.09 cB
	7.7±0.12 dB
	7.1±0.09 cB

	9
	6.6±0.09 aABC
	7.0±0.05 bBC
	7.3±0.08 cB
	7.7±0.07  dB
	7.2±0.05 cB

	12
	6.6±0.12 aBC
	6.9±0.07 bABC
	7.2±0.08 cB
	7.6±0.08 dB
	7.2±0.06 cB

	15
	6.6±0.22 aABC
	6.9±0.07 aABC
	7.2±0.08 bB
	7.7±0.08 cB
	7.3±0.08 bB


Different letters represent significant difference (P<0.05). Capital letters point out the effect of time (in same column). Regular letters point out the effect of extender (in same line).
After at least 12 h of equilibration, the pH values of the raw extenders showed significant differences. While SFM and AeG had a pH of approximately 6.8, BTS and MIII had a more neutral value. On the contrary, the initial pH value of AN was basic. After spermatozoa dilution, the pH of the doses showed two different behaviours. In two of them (SFM and AeG), the pH was maintained during the entire storage period. In the others, there were significant decreases on the first day and then the pH remained constant until the end. This effect was mainly evident for AN. 
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