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Today, doses of refrigerated stallion semen are stored, sent, and transported in single-use polystyrene transport boxes. To address 
a growing concern for ecological and sustainable development, a new transport box made of recycled material, eco-responsible, 
called ECOOL Box, has been developed to ensure the transport and conservation of doses. Thermal performance to maintain the 
temperature between + 2°C and + 15°C for 48 hours, cooling kinetics during the first hour of storage, and biological parameters relat-
ing to motility, velocity and sperm viability were analyzed and compared to a control box. In total, up to 10 ejaculates were diluted, 
packaged in syringes (20.106 spermatozoa/mL, 10 mL per dose) and stored in transport boxes for 48 hours. The boxes were placed in 
a thermal chamber mimicking the daily temperature variations during a temperate winter or summer climate. Temperature readings 
were taken every 30 seconds using thermocouples. The quality of the semen was analyzed by a computer-assisted semen analyzer at 
the day of collection and after the 48 hours of storage. Sperm viability at the end of the 48 hours was analyzed using flow cytometry. 
No significant difference between the two boxes was observed on all thermal and biological parameters. The ECOOL Box allows the 
cooling of semen doses at a rate of - 0.13°C/min, with no detrimental effect. In winter conditions, the ECOOL Box allows to maintain 
the doses between + 2.7°C and + 4.0°C for 48 hours. In summer condition, the ECOOL Box maintains the doses between + 7.2°C and 
+ 15°C for 42 hours. The total sperm motility is reduced by only 5% compared to the day of collection. However, it remains above 70% 
in both conditions at the end of the experiment, which is in line with the recommendations of the French National Studs. The ECOOL 
Box thus shows its thermal and biological efficiency and allows the transport of equine doses in a safe and eco-responsible way.
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Abbreviations

AI: Artificial Insemination; ECB: ECOOL Box; CB: Control transport Box; VAP: Velocity on Average Path; VCL: Curvilinear Velocity; VSL: 
Velocity on a Straight Line

Introduction 

Since the 2000s, artificial insemination (AI) of mares with the use of fresh and chilled semen has been growing in the saddle race breed-
ing industry [24]. Usually, the trend for AI technologies is linked to some common advantages with chilled and with frozen semen. They 
avoid animal transport and physical contact between mares and stallions, thus limiting transport costs and disease transmission. The use 
of chilled semen has extra advantages over frozen semen, which may explain the specific success of chilled semen in the AI technologies. 
Chilled semen is generally more resistant and requires less heavy and accurate insemination protocols. Indeed, using chilled semen at a 
time of AI results in better pregnancy rates than frozen semen [15,22,23]. This is mainly due to large differences in initial ejaculate quality 
[6,17,20] and ejaculate tolerance for chilled and cooled storage between stallions [5,8]. The composition of their seminal plasma does not 
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ensure the protection of the sperm membranes during the freezing process [1,27]. Therefore, the composition and quality of the sperm 
can help us to predict the success of fertility. Before chilling or freezing semen, semen quality must be evaluated on several discriminating 
parameters including motility, viability, or acrosome integrity [2]. 

Nevertheless, the success of artificial insemination after transportation of chilled semen depends also on other environmental factors. 
These factors are encountered at different stages of the equine fresh semen preparation and transport [11]. The first step involves the 
proper management of the stallion collection. The handling of semen must follow precise guidelines especially to avoid urine and bacterial 
contamination, or osmolarity shock [10]. Once properly collected, the semen quality, based on the normal morphology rate and the total 
motility of spermatozoa, must be validated to ensure the packaging and transport of good quality sample. This step allows to eliminate 
from the procedure the ejaculate that may be damaged during transport and whose quality is not maintained. Semen packaging, especially 
the dilution process and the dilution media, is necessary to decrease sperm concentration and maintain a good motility during the stor-
age [26]. It can impact the quality of the semen and its storage overtime as well [3,18]. Based on purified milk proteins, the INRA96 (IMV 
Technologies, L’Aigle, France) is one of the media that can ensure optimal semen storage, conservation and maintain the fertility potential 
up to 48 hours post-collection [28].

Chilled semen is packaged into syringes doses, shipped the day of the semen collection, and received the following day for the insemi-
nation. A delay of up to 48 hours can thus elapse between the sending and the moment of insemination. Current transport methods tend 
to minimize the influence of transport conditions as much as possible. Indeed, several authors have shown that semen can be stored at 
temperatures from + 2°C to + 4°C, and up to + 15°C for 72 hours without significantly impacting the pregnancy rate of mares after in-
semination [3,4,18,23,25,28]. Indeed, the metabolism of spermatozoa stored at body temperature (+ 35°C) is high [21] and induces the 
formation of toxic products for the semen such as lactic acid and oxygen free radicals. This leads to a loss of sperm integrity, motility, and 
viability [9]. Therefore, it is essential to preserve semen in conditions that reduce their metabolic activities in order to better maintain 
semen quality. Indeed, it has been shown that by storing semen at + 4°C, sperm metabolism is reduced by only 7%. In the same manner, 
lowering the storage temperature below + 2°C may lead to the formation of crystals in the semen and damage the quality of the semen [9]. 
The kinetics of decrease temperature is also an important factor to consider, as well as the risk of a thermal shock. The temperature range 
in which stallion spermatozoa are most sensitive to a thermal shock induced by rapid cooling (greater than - 0.7°C/min) is between + 19°C 
and + 8°C. During this window, the authors recommend cooling the semen slowly, at a rate of - 0.05°C/min [19]. 

In this way, semen must be stored with sufficient thermal isolation to maintain a storage temperature of + 2°C to + 15°C for 48 hours. 
Consequently, the choice of semen container for cooling and shipment is critical. The cooling rate and isolation of chilled semen transport 
boxes must be maintained under rough external environmental conditions. Today, chilled semen is sent out in reusable boxes. However, 
these boxes are bulky, heavy, and expensive. They must be systematically returned to the semen collection center. This adds transport 
costs and brings sanitary risks as the boxes can carry pathogens. Some chilled semen is sent in disposable single-use boxes, which are 
cheaper. In addition, these boxes are made from polystyrene, an environmentally unfriendly material. 

In the context of sustainable development, the objective of this study was to develop an eco-responsible disposable chilled semen 
transport box, called the ECOOL Box. The use of recycled polystyrene as a raw material appeared as a challenge. First, we studied the 
thermal performance of the box and compared it to single-use box already available to breeders on the market. Next, we characterized the 
semen conservation capacity of the box by assessing different sperm quality parameters. This study then allowed us to conclude on the 
effectiveness of this eco-responsible box and on its capacity to maintain the quality of doses.

Materials and Methods

Study location, animals, and semen packaging 

The study was carried out at the Jumenterie des Haras du Pin (Exmes, France), and on IMV Technologies site (L’Aigle, France). Healthy 
sexually mature stallions (French Saddle and Trotter, Hanoverian) aged from 6 to 21 years old, originating from the French Horse and 
Riding Institute (IFCE), Jumenterie des Haras du Pin, were used as semen donor. All stallions were housed individually, under a natural 
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photoperiod during the reproductive season (May to October). The semen of five stallions of proved fertility, collected regularly for dose 
production (4 times a week) were collected at different moments of the study. A total of 10 to 12 ejaculates samples were collected on 5 
to 6 different experiments.

After semen filtration, the concentration was measured in millions of spermatozoa per mL (M/mL) with a spectrophotometer (Ac-
curead, IMV Technologies, L’Aigle, France). Then, the semen was diluted individually at a final concentration of 20.106 spermatozoa/mL 
in INRA96 previously heated at + 37°C (IMV Technologies, L’Aigle, France). Afterwards, the quality of the ejaculate was checked under the 
microscope. All ejaculates with more than 70% of motile spermatozoa after collection were used in this study.

Ten mL of diluted semen were packaged in 20 mL sterile syringes without air exposure. The syringes were placed in different environ-
mental conditions: directly in a fridge at +4°C (Fridge), in a climatic chamber inside the eco-friendly transport box ECOOL Box (ECB) or in 
the non-eco-responsible Control transport Box (CB), or in the climatic chamber outside the boxes (Outside).

A programmable freezer (Mini Digitcool, IMV Technologies, L’Aigle, France), connected to a liquid nitrogen tank was used as a climatic 
chamber. The boxes were placed in the programmable freezer, and temperature programs mimicking the daily temperature variations 
during a temperate winter or summer climate, according to the AFNOR NF S99-700 standard (October 2007), were launched (Figure 1 
and 2).

Figure 1: Evolution of the outside temperature programmed in winter conditions according to the AFNOR standard (Outside, green dotted 
line), and evolution of the internal box compartment (A) and syringe (B) temperatures in the Control Box (CB, grey line) and in the ECOOL 

Box (ECB, red line), during 48 hours post-collection. Temperature curves of the CB and ECB represent the average of 5 experiments. 
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Two syringes (for 2 ejaculates) were placed in each box. Furthermore, in dedicated compartment of the boxes, two eutectic plates were 
placed. For summer conditions, two eutectics were at - 20°C and for winter conditions, one eutectic was at - 20°C and another was at + 4°C.

The temperatures in the inner compartment of the boxes and in the syringes were measured to follow the temperature evolution. One 
measure every 30 seconds was recorded during the 48 hours of the experiment, using type K thermocouples (Mesurex, Saint-Arnoult-en-
Yvelines, France) connected to a graphic recorder (mini LOGGER GL200A, GraphTec, Irvine, USA).

Motility parameters analysis 

The quality of the ejaculate was analyzed, following semen dilution and at the end of the 48 hours of storage, with a computer-assisted 
semen analyzer (IVOS II, Hamilton Thorne, Beverly, USA). Diluted semen from the doses was incubated for 10 min at + 37°C. Then, 3 µl 
of semen were placed in a Leja slide (Leja, IMV Technologies group, GN Nieuw-Vennep, Netherlands). Sperm motility and concentration 
were checked. For each sample, the percentage of total motile spermatozoa, the percentage of progressive spermatozoa (rapid sperm 
with straightness > 80%), the velocity on average path (VAP > 40 µm/sec), the curvilinear velocity (VCL), and the velocity on a straight 
line (VSL) were calculated. Two chambers per samples were analyzed (frame rate = 60, frame acquired = 30, with a minimum of 8 frames 
per chamber).

Viability and acrosomal integrity analysis 

Viability assay was performed with the EasyKit: Viability and Concentration (IMV Technologies, L’Aigle, France) and an EasyCyte flow 
cytometer (Luminex Corporation, Austin, USA). This kit allows to mark cells with a defect in membrane integrity. In the EasyKit 96 wells 
plate, a total of 57 000 spermatozoa had been dispensed in each analysis wells, and diluted with EasyBuffer B (023862, IMV Technolo-
gies) (qsp 200 µL). After incubation of the samples at + 37°C, during 10 min, the plate was analyzed on a flow cytometer. The parameters 
measured were the percentage of viable and non-viable (dead) spermatozoa.

Figure 2: Evolution of the outside temperature programmed in summer conditions according to the AFNOR standard (Outside, green 
dotted line), and evolution of the internal box compartment (A) and syringe (B) temperatures in the Control Box (CB, grey line) and in the 
ECOOL Box (ECB, red line), during 48 hours post-collection. Temperature curves of the CB and ECB represent the average of 5 experiments. 
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In addition, acrosome integrity assay was performed with the EasyKit:Viability and Acrosome integrity (IMV Technologies, L’Aigle, 
France) and an EasyCyte flow cytometer (Luminex Corporation, Austin, USA). This kit allows to mark cells with a rupture of the acro-
some’s integrity in addition to marking the membrane integrity of the spermatozoa. In the appropriate EasyKit 96 wells plate, a total of 
40 000 spermatozoa were dispensed in each analysis wells, and diluted with EasyBuffer B (023862, IMV Technologies) (qsp 200 µL). 
After incubation of the samples at + 37°C, during 15 min, the plate was analyzed on a flow cytometer. The parameters measured were the 
percentages of viable or non-viable spermatozoa, and intact or disrupted acrosome. 

Statistical analysis  

Statistical analysis was performed on R software, version 1.1.463 (R Core Team, 2014). Results were presented as bar plots, with the 
mean and standard deviation (SD). For multiple comparison analysis, Kruskall Wallis non-parametric and Tukey post-hoc test was done. 
Significant difference in the results was consider when p-value < 0.05 (p < 0.05: *; p < 0.01: **; p < 0.001: ***).

Results 

Temperature evolution in the boxes and syringes

The temperature variation in the internal compartment in the boxes and in the syringes were studied in both Control Box (CB) and 
ECOOL Box (ECB). In winter condition, the internal temperature curve of the ECOOL Box was on average slightly below the CB (- 0.62°C) 
for the 48 hours of storage. Nevertheless, the difference was not significant (CB: 6.57°C ± 0.78; ECB: 5.95°C ± 0.62; p = 0.1649) (Figure 1A). 
The temperature of both boxes remains within the adequate range of temperature for semen storage during the 48 hours of experiment 
between + 2.0°C and + 7.3°C (CB: +2.10°C ± 0.79 to +7.30°C ± 5.06; and ECB: + 2.01°C ± 0.42 to +6.97°C ± 4.83) (Figure 1A). There was not 
any significant difference on the minimal and maximal temperature reached in both boxes (minimal temperature p = 0.9071; maximal 
temperature p = 0.4003) (Figure 2). Regarding the temperature of the semen inside the syringes, no significant difference was observed 
during all experiment (CB: 6.57°C ± 1.05; ECB: 6.08°C ± 1.36; p = 0.4649) (Figure 1B). The two curves overlap and remain in the correct 
range as well, between + 2.5°C and + 5.8°C (CB: +2.51°C ± 1.08 to +5.79°C ± 3.07; ECB: 2.72°C ± 1.18 to +3.98°C ± 0.98) (Figure 1B). No 
significant difference was observed in the minimal and maximal temperature reached in both boxes (minimal temperature p = 0.744; 
maximum temperature p = 0.2948).

In summer condition, the internal temperature curves of the CB and ECB overlapped and no significant difference was detected (CB: 
11.26°C ± 0.57; ECB: 11.03°C ± 0.76; p = 0.7949) (Figure 2A). The minimum temperature recorded for the 48 hours of storage in the ECB 
was + 7.16°C ± 1.11 and is significantly lower from the minimum recorded in the CB (+ 8.28°C ± 0.21) (by a factor of 0.8; p = 0.01381). De-
spite this difference of about 1°C, the minimum temperature reached in ECB remains above the minimum temperature of + 2°C required 
for semen conservation. Regarding the maximum temperature recorded in both boxes, it was reached at the end of the 48 hours of experi-
ment. They exceeded the maximum temperature of + 15°C required for semen conservation (CB: +18.88°C ± 0.87; ECB: +20.8°C ± 3.77; 
p = 0.1742). The same pattern was observed on the temperature syringe curve with no significant difference observed between the aver-
age temperature of both boxes (CB: 10.30°C ± 0.77; ECB: 10.42°C ± 0.76; p = 0.9079) (Figure 2B). The minimum temperature recorded 
in the ECB was + 7.24°C ± 0.71 and was not significantly different from the minimum recorded in the CB (+ 7.73°C ± 0.41) (p = 0.2222) 
The + 15°C critical temperature was reached in the ECB syringes after 41h48 ± 2h14 and in the CB after 42h34 ± 2h04 of the experiment, 
without significant difference between boxes (p = 0.5241).

Kinetics of temperature lowering showed that the temperature in syringes inside the ECB dropped during the first hour of the experi-
ment at a rate of - 0.14°C/min ± 0.09 in summer conditions without any significant difference with the CB (- 0.15°C ± 0.10; p = 0.6852). 
In winter condition, the temperature inside the ECB syringes fell at a rate of - 0.12°C/min (± 0.06), similarly to the CB pattern (- 0.10°C 
± 0.08; p = 0.8065). 

Semen motility evaluation

At collection day, semen used for the winter condition experiment had a percentage of total motility of 79.9% ± 7.98 and a percentage 
of progressive sperm of 46.5% ± 16.3 (Figure 3A and 3B). 
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Figure 3: Motility parameters analysis after semen collection (0h) and after 48 hours of storage at +4°C (Fridge), in the ECOOL box (ECB), 
in the Control Box (CB) or at external temperature (Outside) during winter condition. (A) Percentage of motile sperm and (B) percentage 
of progressive sperm were analyzed using an IVOS II, after incubation of the semen samples at +37°C for 10 min (n = 10 semen samples, 5 

experiments).

After 48 hours of experiment in winter condition, no difference in total motility was observed between doses stored in ECB (74.2% 
± 8.11), CB (74.7% ± 7.28) nor at + 4°C (Fridge: 76.7% ± 5.92) after 48 hours of storage (Figure 3A). Nevertheless, the total motility was 
significantly lower by 11% when it was placed in a cold external environment, compared to the day of collection (Outside: 68.4% ± 13.8; 
p < 0.001) (Figure 3A). Regarding the proportion of sperm cell swimming mostly in straight line (progressive sperm), no significant dif-
ference was observed between the day of collection and the end of the 48 hours of experiment in all conditions (ECB: 44.4% ± 16.0; CB: 
48.0% ± 14.3; Fridge: 51.0% ± 16.6). No significant difference was observed in the velocity parameters as well, between all five conditions 
(Table 1).

Winter conditions 48h
0h Fridge ECB CB Outside P-value

Motile VAP (µm/sec)
Mean (SD) 92.6 (19.5) 100 (11.8) 98.0 (17.2) 92.8 (12.9) 90.2 (11.2) 0,392

Motile VSL (µm/sec)
Mean (SD) 72.3 (16.7) 81.2 (11.0) 77.0 (14.7) 74.8 (10.9) 73.6 (5.44) 0,314

Motile VCL (µm/sec)
Mean (SD) 195 (29.6) 199 (24.5) 201 (28.3) 189 (24.4) 185 (23.0) 0,240

Progressive VAP (µm/sec)
Mean (SD) 92.2 (19.2) 103 (11.1) 99.2 (17.1) 94.9 (13.6) 94.4 (10.7) 0,328

Progressive VSL (µm/sec)
Mean (SD) 82.1 (18.1) 93.9 (10.1) 90.1 (16.1) 86.6 (12.8) 86.0 (9.22) 0,260

Progressive VCL (µm/sec)
Mean (SD) 183 (27.8) 190 (18.5) 190 (24.3) 181 (19.0) 182 (18.4) 0,541

Table 1: Table of velocity parameters evaluated on motile and progressive sperm after semen collection (0h) and after 48 hours of storage 
at +4°C (Fridge), in the ECOOL box (ECB), in the Control Box (CB) or at external temperature (Outside) in winter condition. Three different 

velocities were analyzed using an IVOS II, after incubation of the semen samples at +37°C for 10 min (n = 10 semen samples, 5 experiments) 
: VAP means velocity average pathway, VSL means straight- line velocity, and VCL means curvilinear velocity. The P-value indicates the dif-

ference between all the groups.
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At collection day, semen used for the summer condition experiment had a percentage of total motility of 77.6% (± 9.32) and a percent-
age of progressive sperm of 40.9% (± 16.8) (Figure 4A and 4B). After 48 hours of storage, no significant difference was observed, in the 
total motility between doses stored for 48 hours in ECB (72.2% ± 7.44), in the CB (75.5% ± 6.28), nor at + 4°C (75.0% ± 6.55) (Figure 
4A and 4B). Nevertheless, the motility was 30% lower compared to doses stored in boxes or at +4°C, when it was placed in a summer 
external environment (Outside: 42.7% ± 31.2; p = 0.001) (Figure 4A). The progressive motility of semen was unchanged for all condi-
tions (ECB: 41.7% ± 20.2; CB: 42.8% ± 18.5; Fridge: 38.0 ± 17.2), except doses stored in a summer external environment which had a 
progressive motility 20% lower (Outside: 17.2% ± 15.3; p = 0.001). Regarding the velocity parameters, no difference was observed in 
motile sperm velocity parameters (Table 2). General significant difference was observed on average straight-line and curvilinear velocity 
of progressive sperm between all five groups (Table 2). Nevertheless, no significant difference between groups was detected by the mul-
ticomparison Tukey test.

Figure 4: Motility parameters analysis after semen collection (0h) and after 48 hours of storage at +4°C (Fridge), in the ECOOL box (ECB), 
in the Control Box (CB) or at external temperature (Outside) during summer condition. (A) Percentage of motile sperm and (B) percentage 
of progressive sperm were analyzed using an IVOS II, after incubation of the semen samples at +37°C for 10 min (n = 12 semen samples, 6 

experiments).

Summer conditions 48h
0h Fridge ECB CB Outside P-value

Motile VAP (µm/sec)
Mean (SD) 85.3 (24.2) 98.9 (18.3) 90.5 (13.1) 90.2 (14.0) 87.4 (17.8) 0,172

Motile VSL (µm/sec)
Mean (SD) 64.2 (18.0) 70.6 (10.9) 68.4 (15.4) 67.4 (14.4) 59.1 (17.1) 0,232

Motile VCL (µm/sec)
Mean (SD) 179 (44.0) 209 (37.2) 188 (20.6) 186 (21.8) 194 (33.6) 0,051

Progressive VAP (µm/sec)
Mean (SD) 84.7 (19.9) 98.1 (14.5) 91.1 (11.9) 89.0 (14.9) 84.4 (33.3) 0,035*

Progressive VSL (µm/sec)
Mean (SD) 75.0 (18.5) 88.0 (12.5) 82.1 (12.0) 80.4 (14.1) 74.6 (29.8) 0,022*

Progressive VCL (µm/sec)
Mean (SD) 167 (31.8) 191 (24.3) 178 (15.8) 172 (19.5) 175 (72.5) 0,024*

Table 2: Table of velocity parameters evaluated on motile and progressive sperm after semen collection (0h) and after 48 hours of storage 
at +4°C (Fridge), in the ECOOL box (ECB), in the Control Box (CB) or at external temperature (Outside) in summer condition. Three different 
velocities were analyzed using an IVOS II, after incubation of the semen samples at +37°C for 10 min (n = 12 semen samples, 6 experiments): 
VAP means velocity average pathway, VSL means straight- line velocity, and VCL means curvilinear velocity. The P-value indicates the differ-

ence between all the groups.
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Viability and acrosomal integrity tests

In winter condition, sperm viability results following 48 hours of storage under all three conditions were similar, both after analysis 
with the Easykit viability (ECB: 74.2% ± 10.9; CB: 72.9% ± 10.0; Outside: 73.9% ± 11.3, p = 0.9439) (Figure 5), and Easykit acrosome in-
tegrity (viable intact + disrupted spermatozoa: ECB: 77.4% ± 11.3; CB: 78.0% ± 6.0; Outside: 74.7% ± 8.1, p = 0.304) (Table 3).

Figure 5: Viability analysis after 48 hours of storage at in the ECOOL box (ECB), in the Control Box (CB) or at external temperature (Out-
side) during summer and winter conditions. Percentage of viable sperm was analyzed using the EasyKit Viability and concentration and the 

EasyCyte flow cytometer (n = 4 semen samples, 2 experiments).

(A) Winter Conditions ECB CB Outside P-value
Viable (intact + disrupted) (%)

Mean (SD) 77.4 (11.3) 78.0 (6.05) 74.7 (8.15) 0,304
Viable intact (%)

Mean (SD) 74.1 (10.7) 74.7 (4.98) 71.4 (7.48) 0,683
Viable disrupted (%)

Mean (SD) 3.28 (1.23) 3.30 (1.54) 3.28 (1.71) 0,981
Dead intact (%)

Mean (SD) 19.4 (9.74) 19.6 (6.27) 21.9 (7.26) 0,276
Dead disrupted (%)

Mean (SD) 3.20 (1.70) 2.43 (0.618) 3.43 (1.48) 0,469
(B) Summer Conditions ECB CB Outside P-value

Viable (intact + disrupted) (%)
Mean (SD) 73.9 (13.9) 77.1 (9.51) 46.9 (28.6) 0,077

Viable intact (%)
Mean (SD) 71.6 (13.6) 73.2 (10.3) 45.2 (27.9) 0,174

Viable disrupted (%)
Mean (SD) 2.33 (0.846) 3.85 (2.45) 1.68 (1.11) 0,242

Dead intact (%)
Mean (SD) 23.0 (11.3) 19.0 (6.96) 50.5 (27.5) 0,043*

Dead disrupted (%)
Mean (SD) 3.15 (2.82) 3.90 (2.97) 2.63 (1.23) 0,779

 
Table 3: Acrosome integrity and viability analysis after 48 hours of storage in the ECOOL box (ECB), in the Control Box (CB) or at external 

temperature (Outside) during winter (A) and summer (B) conditions. Percentage of viable or dead sperm with intact or disrupted acrosome 
were analyzed using the EasyKit Viability and EasyCyte flow cytometer (n = 4 semen samples, 2 experiments). The P-value indicates the dif-

ference between all the groups.
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In summer condition, the sperm viability following 48 hours of storage in the ECB, CB or outside the boxes were identical (ECB: 72.1% 
± 13.5%; CB: 75.1% ± 8.2). However, the sperm viability was 25% lower when doses were stored outside the boxes with a large standard 
deviation caused by the drop to 11% of viability of one ejaculate state (49.8% ± 26.8%) (Figure 5). Therefore, the difference was not sig-
nificant (p = 0.1988). Same results in the percentage of viable spermatozoa (with intact + disrupted acrosome) were observed when using 
the acrosome integrity assay without any significant difference (ECB: 66.6% ± 18.4, CB: 76.9% ± 9.6, Outside: 54.4% ± 32.7; p = 0.077) 
(Table 3). Nevertheless, a significant difference in the percentage of dead spermatozoa with intact acrosome was observed between all 
three conditions. The multicomparison test showed this percentage tended to be higher when the doses were placed outside the boxes, 
than in the boxes, especially in the CB (p = 0.076).

The acrosomal integrity analysis table also shows no trend between the three conditions in either summer or winter. The proportion 
of semen with damaged acrosome (viable + non-viable sperm) changed between 4.3% and 7.8% (Table 3).

Discussion

Despite the complexity of the development of a fresh semen transport box in recycled material, the challenge of combining thermal 
performance and biological requirements was attempted with the ECOOL Box. This box has demonstrated its thermal insulation capacity 
in all temperate seasonal conditions to maintain semen doses in the adequate range of + 2°C to + 15°C for 48 hours of storage. 

In cold conditions, semen doses are largely stored at the adequate temperature for 48 hours, between + 2.72°C to + 3.98°C. It is pos-
sible that these thermal conditions may be maintained for several more hours before exceeding the recommended maximum + 15°C. 
Quality was assessed based on several parameters of motility and viability. Although the proportion of total and progressive sperm has 
been reduced by 2 to 5% after 48 hours of storage, the ECOOL Box allows to maintain a high sperm quality with more than 70% of motile 
spermatozoa. According to the standard protocol applied by the French National Studs [27], with doses at a minimum concentration of 
120.106 spermatozoa/ml and a motility at collection greater than 70%, the motility after 24 hours of storage at + 4°C must be greater 
than 40% to ensure good fertility results. The proportion of progressive sperm in the refrigerated and transported doses of semen was 
also shown to affect the pregnancy rate of mares [13]. The ECOOL Box has been shown to maintain the progressive sperm content during 
long storage. Semen quality (motility and viability) was preserved in the ECOOL Box as well as in a constant temperature of + 4°C. These 
results suggest that the box ensures good conservation of sperm quality in temperate winter conditions. Although the box continued to be 
in the correct temperature range beyond the 48 hours of storage, and the effects of prolonged storage on the semen was not investigated, 
it is not recommended to store the semen in the box for any longer period of time. It was reported that the stress induced by storing chilled 
semen beyond 48 hours induced the activation of apoptotic pathways in the nucleus of sperm cells and led to DNA fragmentation. This is 
deleterious to the semen and leads to a reduction in fertility in artificial insemination [14,16,17].

In summer conditions, the box maintains the required temperature window for up to 42 hours. Beyond this time, the temperature of 
+ 15°C is exceeded and can damage the sperm. Indeed, although the conservation of stallion semen at + 15°C, diluted in INRA96 medium, 
and conditioned anaerobically, has shown that the parameters of sperm motility and gestation rates were as good as a conservation at 
+ 4°C, we do not know the effects of conservation beyond this temperature [28]. It was shown that an incubation of only 1 hour at + 37°C 
of stallion semen, previously chilled at + 4°C for an hour, induces DNA fragmentation [16]. We already demonstrate in our results that the 
semen doses stored in warm outside condition induce a significant degradation of the semen quality. An increase in the storage tempera-
ture can thus induce a resumption of the metabolic activity of the cells. This would generate oxidative stress through the production of 
ROS and acidification of the dilution medium by cellular release of lactic acid, with deleterious consequences for the viability of the cells 
[7]. However, even though the semen was stored for 48 hours, i.e. 6 hours at a temperature above the recommended + 15°C (from 42h to 
48h), the quality of the doses was not affected (motility, velocity, viability). The total motility was lower by 5.4% in the ECOOL Box after 48 
hours of storage compared to the day of collection, but still follows the standard protocol of the French National Studs [27]. Therefore, the 
percentage of progressive motile sperm was not affected by the storage. The eco-designed transport box therefore presents no difference 
with the control box and remains just as effective, as if the semen was stored diluted at constant + 4°C for 48 hours. 
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The quality of the ECOOL Box is also based on its cooling kinetics. Although it is recommended to have a maximum temperature drop 
of 0.05°C/min, especially between + 19°C and + 8°C [19]. We have shown in this study that a faster temperature drop of 0.13°C/min in the 
ECOOL Box did not induce a thermal shock of the semen. As our results showed no impact of storage on semen quality, we can conclude 
that this kinetics was not deleterious to the semen.

Beyond the thermal and biological performances that the ECOOL Box brings, we must also underline the important environmental 
benefits of the use of this box for the transport of the equine semen doses. The ECOOL Box is made of 100% recycled polystyrene (rEPS). 
The integration of recycled plastics like this one, brings a real environmental gain. It allows, per ton of recycled plastics, a reduction of the 
greenhouse effect with less 3 000 kg of CO2 equivalent produced, a reduction of energy and water consumption (13,000 kWh and 5.2 m3 
respectively saved), a reduction of air acidification (- 5.2 mol H+ eq.) and of eutrophication of fresh and marine waters (- 48 g P-eq. and 
-970 g N-eq.) [12].

Conclusion

In conclusion, this study showed the thermal performance of the ECOOL Box despite the use of recycled material. We also showed the 
efficiency of this box for the conservation of equine semen for 42 to 48 hours. However, because multiple environmental factors can im-
pact the quality of semen, our study was conducted using a standardized protocol including the dilution of semen in a validated conserva-
tion medium, INRA96. The transport of doses in the ECOOL Box, as well as the respect of the protocol associated with its use, thus makes 
it possible to safely send doses of standard semen in an eco-responsible way.

Acknowledgements

The authors thank the staff of the French Horse and riding Institute (IFCE), for their valuable help in managing the stallions and col-
lecting the ejaculates. FDG collected the ejaculates. GD and CR designed the study, wrote the manuscript, contributed to the acquisition of 
data, analysis and interpretation of data. All authors have approved the final submitted version.

Conflict of Interest

None of the authors has any financial or personal relationships that could inappropriately influence or bias the content of this paper.

Funding Support

This study was financially supported by IMV Technologies.

Bibliography

1. Aurich JE., et al. “Seminal plasma affects membrane integrity and motility of equine spermatozoa after cryopreservation”. Therio-
genology 46.5 (1996): 791-797. 

2. Barrier Battut I., et al. “Development of a new fertility prediction model for stallion semen, including flow cytometry”. Theriogenology 
86.4 (2016): 1111-1131. 

3. Batellier F., et al. “Advances in cooled semen technology”. Animal Reproduction Science 68.3 (2001): 181-190. 

4. Batellier F., et al. “Delayed insemination is successful with a new extender for storing fresh equine semen at 15°C under aerobic con-
ditions”. Theriogenology 50.2 (1998): 229-236. 

5. Brinkerhoff J., et al. “Influence of mare age, pre-breeding mare status, breeding method, and stallion on the first cycle pregnancy rates 
on a large commercial breeding farm”. Animal Reproduction Science 121 (2010): 159.

6. Dowsett KF and Knott LM. “The influence of age and breed on stallion semen”. Theriogenology 46.3 (1996): 397-412. 

https://pubmed.ncbi.nlm.nih.gov/16727943/
https://pubmed.ncbi.nlm.nih.gov/16727943/
https://pubmed.ncbi.nlm.nih.gov/27207472/
https://pubmed.ncbi.nlm.nih.gov/27207472/
https://pubmed.ncbi.nlm.nih.gov/11744263/
https://www.sciencedirect.com/science/article/abs/pii/S0093691X98001307
https://www.sciencedirect.com/science/article/abs/pii/S0093691X98001307
https://www.sciencedirect.com/science/article/abs/pii/0093691X96001628


Citation: Charlène Rouillon., et al. “Development of a New Transport Box for Chilled Stallion Semen, ECOOL Box”. EC Veterinary Science 
6.7 (2021).

Development of a New Transport Box for Chilled Stallion Semen, ECOOL Box

7. Gibb Z and Aitken RJ. “Recent Developments in Stallion Semen Preservation”. Journal of Equine Veterinary Science 43 (2016): S29-S36. 

8. Graham JK. “Cryopreservation of Stallion Spermatozoa”. Veterinary Clinics of North America: Equine Practice 12.1 (1996): 131-147. 

9. Graham JK. “Principles of cooled semen. Equine Reproduction”. Wiley-Blackwell (2011): 1308-1315.

10. Griggers S., et al. “The effects of pH, osmolarity and urine contamination on equine spermatozoal motility”. Theriogenology 56 (2001): 
613-622. 

11. Heckenbichler S., et al. “Quality and fertility of cooled-shipped stallion semen at the time of insemination”. Theriogenology 75.5 
(2011): 849-856. 

12. Hestin M., et al. “Bilan National du Recyclage 2005-2014 - Evolutions du recyclage en France de différents matériaux: métaux ferreux 
et non-ferreux, papiers-cartons, verre, plastiques, inertes du BTP et bois. ADEME, Agence de l’Environnement et de la Maitrise de 
l’Energie (2017).

13. Kareskoski M., et al. “Analysis of factors affecting the pregnancy rate of mares after inseminations with cooled transported stallion 
semen”. Theriogenology 127 (2019): 7-14. 

14. Linfor JJ and Meyers SA. “Detection of DNA damage in response to cooling injury in equine spermatozoa using single-cell gel electro-
phoresis”. Journal of Andrology 23.1 (2002): 107-113. 

15. Loomis PR and Squires EL. “Frozen semen management in equine breeding programs”. Theriogenology 64.3 (2005): 480-491. 

16. López-Fernández C., et al. “Dynamics of sperm DNA fragmentation in domestic animals: II. The stallion”. Theriogenology 68.9 (2007): 
1240-1250. 

17. Love CC., et al. “Effect of storage time and temperature on stallion sperm DNA and fertility”. Theriogenology 57.3 (2002): 1135-1142. 

18. Magistrini M., et al. “Interactions between sperm packaging, gas environment, temperature and diluent on fresh stallion sperm sur-
vival”. Acta Veterinaria Scandinavica 88 (1992): 97-110.

19. Moran DM., et al. “Determination of temperature and cooling rate which induce cold shock in stallion spermatozoa”. Theriogenology 
38.6 (1992): 999-1012. 

20. Parlevliet JM., et al. “Reproductive characteristics and semen quality in maiden Dutch Warmblood stallions”. Journal of Reproduction 
and Fertility 101.1 (1994): 183-187. 

21. Ramires Neto C., et al. “The relationships between scrotal surface temperature, age and sperm quality in stallions”. Livestock Science 
157.1 (2013): 358-363. 

22. Sieme H., et al. “The effects of different insemination regimes on fertility in mares”. Theriogenology 60.6 (2003): 1153-1164. 

23. Squires EL., et al. “Effect of sperm number and frequency of insemination on fertility of mares inseminated with cooled semen”. The-
riogenology 49.4 (1998): 743-749. 

24. Stats and cartes - Techniques de reproduction – Synthèse (2020). 

25. Varner DD., et al. “Effects of cooling rate and storage temperature on equine spermatozoal motility parameters”. Theriogenology 29.5 
(1988): 1043-1054. 

https://www.sciencedirect.com/science/article/abs/pii/S0737080616301290
https://www.sciencedirect.com/science/article/abs/pii/S0749073917303000
https://www.sciencedirect.com/science/article/abs/pii/S0093691X01005933
https://www.sciencedirect.com/science/article/abs/pii/S0093691X01005933
https://www.researchgate.net/publication/49719087_Quality_and_fertility_of_cooled-shipped_stallion_semen_at_the_time_of_insemination
https://www.researchgate.net/publication/49719087_Quality_and_fertility_of_cooled-shipped_stallion_semen_at_the_time_of_insemination
https://www.ademe.fr/sites/default/files/assets/documents/bilan-national-recyclage-bnr_2005-2014_201705_rapport-final.pdf
https://www.ademe.fr/sites/default/files/assets/documents/bilan-national-recyclage-bnr_2005-2014_201705_rapport-final.pdf
https://www.ademe.fr/sites/default/files/assets/documents/bilan-national-recyclage-bnr_2005-2014_201705_rapport-final.pdf
https://pubmed.ncbi.nlm.nih.gov/30611014/
https://pubmed.ncbi.nlm.nih.gov/30611014/
https://pubmed.ncbi.nlm.nih.gov/11780916/
https://pubmed.ncbi.nlm.nih.gov/11780916/
https://pubmed.ncbi.nlm.nih.gov/15967491/
https://pubmed.ncbi.nlm.nih.gov/17919715/
https://pubmed.ncbi.nlm.nih.gov/17919715/
https://www.sciencedirect.com/science/article/abs/pii/S0093691X01006896
https://pubmed.ncbi.nlm.nih.gov/1285546/
https://pubmed.ncbi.nlm.nih.gov/1285546/
https://www.sciencedirect.com/science/article/abs/pii/0093691X92901147
https://www.sciencedirect.com/science/article/abs/pii/0093691X92901147
https://pubmed.ncbi.nlm.nih.gov/8064679/
https://pubmed.ncbi.nlm.nih.gov/8064679/
https://www.researchgate.net/publication/259974381_The_relationships_between_scrotal_surface_temperature_age_and_sperm_quality_in_stallions
https://www.researchgate.net/publication/259974381_The_relationships_between_scrotal_surface_temperature_age_and_sperm_quality_in_stallions
https://www.sciencedirect.com/science/article/abs/pii/S0093691X03001134
https://pubmed.ncbi.nlm.nih.gov/10732082/
https://pubmed.ncbi.nlm.nih.gov/10732082/
https://www.sciencedirect.com/science/article/abs/pii/S0093691X88800281
https://www.sciencedirect.com/science/article/abs/pii/S0093691X88800281


Citation: Charlène Rouillon., et al. “Development of a New Transport Box for Chilled Stallion Semen, ECOOL Box”. EC Veterinary Science 
6.7 (2021).

Development of a New Transport Box for Chilled Stallion Semen, ECOOL Box

26. Varner DD., et al. “Effects of semen fractionation and dilution ratio on equine spermatozoal motility parameters”. Theriogenology 28.5 
(1987): 709-723. 

27. Vidament M., et al. “Equine artificial insemination in French national studs”. Reproduction in Domestic Animals 6 (2000): 61-66.

28. Vidament M., et al. “Temperatures from 4 to 15 °C are suitable for preserving the fertilizing capacity of stallion semen stored for 22 h 
or more in INRA96 extender”. Theriogenology 78.2 (2012): 297-307. 

Volume 6 Issue 7 July 2021
©All rights reserved by Charlène Rouillon., et al.

https://www.sciencedirect.com/science/article/abs/pii/0093691X87902883
https://www.sciencedirect.com/science/article/abs/pii/0093691X87902883
https://www.researchgate.net/publication/279604161_Equine_artificial_insemination_in_French_National_Studs
https://www.researchgate.net/publication/224947886_Temperatures_from_4_to_15_C_are_suitable_for_preserving_the_fertilizing_capacity_of_stallion_semen_stored_for_22_h_more_in_INRA96_extender
https://www.researchgate.net/publication/224947886_Temperatures_from_4_to_15_C_are_suitable_for_preserving_the_fertilizing_capacity_of_stallion_semen_stored_for_22_h_more_in_INRA96_extender

	_Hlk57294055
	_Hlk62741769

