
Methods to optimize boar and sperm fertility 
优化公猪和精子繁殖力的方法
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1. Hypothalamus 
      releases GnRH to cause FSH and LH release from the Pituitary
1. 下丘脑
释放GnRH，引起垂体释放FSH和LH

2. The testes produces steroids 
and protein hormones 
2.睾丸会产生类固醇和蛋白质激素

3. Feedback 
to Modulate GnRH/FSH/LH
 3.反馈
调节GnRH/FSH/LH
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Cross-section of Boar Testicle公猪睾丸横截面

• Spermatogenesis occurs in 
the Seminiferous tubules 

• 精子发生在精子小管

• Sperm maturation is 
asynchronous along length

• 精子的成熟是不同步的

• ~40 days for 
spermatogonium (base) to 
mature to  release as 
spermatozoa

• 精原细胞（基）成熟释放为
精子的时间约为40天

Caput

Spermatic chord

Caudal
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Epididymal Sperm Cell Maturation
附睾精子细胞成熟 

• Head: Caput 头部
– Sperm enters with a proximal cytoplasmic drop (immotile)
– 精子以近端细胞质液滴进入（静止）

• Body: Corpus 主体
– Droplet translocates and may form hairpin loop
– 液滴移位并可能形成发夹环

• Tail: Caudal 尾
– Droplet moves distal and may fall off 
– 液滴向远端移动，可能会脱落

– storage good for weeks, but with extended intervals,  more debris 
and dead cells accumulate 

– 储存数周很好，但随着时间的延长，会积累更多的碎片和死细胞

• Days of transit = 12 d   运输天数=12天

• Total = ~50-60 days       总计=约50-60天

Head: Caput

Tail: Cauda

Body-Corpus
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• Testes located outside body cavity but close to body位于体腔外但靠近身体的测试

• Spermatogenesis must occur 4-6° C below core 精子发生必须在核心以下4-6°C
– Lower subcutaneous fat allows more heat loss较低的皮下脂肪允许更多的热量损失

– Pampiniform Plexus of arteries/veins cools blood (39-33° C)
– 蔓状静脉丛动脉/静脉丛冷却血液（39-33°C）

• Also allows recirculation of high testosterone back to testes 还允许高睾酮回流到睾丸

• Thermo-receptors on Testes 睾丸热受体

– heat on testes induces panting 睾丸发热引起出汗

– Cremaster muscle raises/lowers testes 睾提肌抬高/降低睾丸

– Tunica dartos muscle relaxes to increase surface area of skin
– 阴囊肉膜肌肉放松，增加皮肤表面积
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Ejaculation and Ejaculate射精和射精

• Ejaculation射精
– pressure on glans penis by hand induces contractions in 

epididymis/vas deferens 
– 手按压阴茎头引起附睾/输精管收缩

• Ejaculate fractions射精不同部分
• 1-2. Pre-sperm (discard)
• 3. Sperm Rich - 80% of sperm 
• 4-5. Post-sperm fraction (SP volume) 
• Gelatin  
• 1-2 精子前液 （丢弃）

• 3.  精子丰富- 80%的精子

• 4-5.精子后部分(精子含量少）

• 凝胶
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Sperm Motility
精子运动

• Important for selection, reservoir binding, release and fertilization 
对选择、储层结合、释放和繁殖很重要

• Fertile 可繁殖的

– Large circular, Darting Non-rolling or rolling progressive 
– 大圆形、曲线非滚动或滚动渐进

• Infertile 不可繁殖的

– Small circles, Wriggling, Stationary 
– 小圆圈、弯曲、静止

• When sperm released after ovulation 当排卵后精子被释放时

– hyper motile in fast straight line快速直线运动过度

– high wobble with large lateral head displacement 
– 具有大侧向头部位移的高摆动

– motions increase distance traveled and likelihood of sperm egg 
interaction 

– 运动增加了行进距离和精子与卵子相互作用的可能性
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Why we evaluate sperm
Sperm with structural abnormalities are infertile
为什么我们评价精子
有结构异常的精子是不育的

• Head头部

– Detached 独立的 Ejaculated
– Macroencephaly头部畸形 T

• Droplets 液滴 
– Proximal 近端 E
– Distal         远端 E

• Tail defects 
– Bent 弯曲 T
– Coiled        卷曲 T E
– Hairpin       发卡 E

Image, Gadea Pig Intl. 

* Observed in Testis (T) or Epididymis (E)
在睾丸（T）或附睾（E）中观察到
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Acrosome顶体

Photos courtesy of Dr. Andre Andrade

• Most normal sperm of high quality very high
• 大多数高质量的正常精子非常高

• But can be damaged by processing, age, 
bacteria

• 但可能会因处置、年龄、细菌而受损

• Must be present for sperm to bind egg
• 精子必须存在才能结合卵子
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Selecting Boars选择公猪
• From large litter with heavy birth weight 

• 出生时体重很重的窝总仔数多 

• Nursed in smaller litters 

• 在较小的窝里保育

• Good Growth rate 良好的生长速率

• Libido and ejaculate volume 性欲和射精量
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Boar development 公猪的发展

• Feed for growth until mature (>12 mo.) 
• 生长饲喂至成熟（>12个月）

• Early maturing boar should not be under or over fed 
• 早熟的公猪不应被低估或过度喂养

– Overfeeding leads to Leg problems过度喂养会导致
腿部出现问题

– Energy and protein restriction reduces sperm and 
libido

– 限制能量和蛋白质会降低精子和性欲

• Commercial sow diets adequate for protein and 
energy 商业母猪饲料中有足够的蛋白质和能量

– vitamin E increased sperm concentration 
– 维生素E增加了精子的浓度

• Watch for mycotoxins in feed and by-products 
• 注意饲料和副产品中的霉菌毒素
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Feeding the Boar喂养公猪 
• Once or twice daily feeding is common 
• 每天喂食一两次的食物很常见

– More frequent feeding may reduce gut problems 
– 更频繁的进食可以减少肠道问题

• Weigh feed delivered (check) 称量输送的饲料（检查）

• Check body condition and adjust feed at 2 wk intervals 
• 每隔2周检查体状并调整饲料

– Thin: adjust feed to increase to 7-8 lb/d or 2.0-3.6 kg/d
– 薄：调整进料，增加至7-8 lb/d或2.0-3.6 kg/d

– Fat: decrease to 3.5-4 lb/d or 1.6-1.8 kg/d
– 脂肪：减少至3.5-4磅/d或1.6-1.8 kg/d

– Excess intake has no effect but become fat and lethargic
– 过量的摄入量没有影响，但会变得肥胖和嗜睡

• Watch for boars that did not eat days prior to collection 
• 注意那些在采集前几天不吃东西的公猪
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Stud Barn公猪舍 
• Barn optimal at 16-18 C (61-64 F) 
• 最佳猪舍温度16-18℃（61-64 F）

• Ejaculate trash rates increase in hot weather
• 在炎热的天气条件下废精率增加

• Cooling methods 冷却方法
– include misters , AC, evaporative cooling 
– 包括喷雾器、空调器、蒸发冷却器
– Avoid wet environment under the boar
– 避免公猪在潮湿的环境下

• Check water flow rates 检查水流量
• boars consumes 5.0-8.0 L/d (~1.5-2.0 gal/d)
• 公猪消耗5.0-8.0 L/d (~1.5-2.0加仑/天）

– Increase flow rate in summer
– 增加夏季流量
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On a hot day, this would be a concern
在炎热的日子里，这将是一个问题 
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In Library:  Stinn and Xin, Iowa State Univ. AS660 2014. Animal Housing Performance of coolers in Iowa
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Air movement 空气运动
Summer hot days 夏季炎热的日子

• Check barn in late afternoon 在下午晚些时候检查猪舍
– Measure Temp and humidity 测量温度和湿度

– Confirm all fans running maximal  确认所有风扇运行的最大值

– Indoor should be a few degrees below outside temp 室内的温度应
该比室外温度低几摄氏度

• Air flow 气流
– Check air movement at boar level 检查公猪水平面的空气流动

– Boars: 8.5 m3/min/per head (300 CFM/head) 
– 公猪：8.5立方米/min/每头（300CFM/头）

– Respiration rate (<25/min) 呼吸速率（<25/min）

• Recirculation fans再循环风机
– Help in high humidity 帮助达到高湿度

– with solid walls 带实心墙

– Animals in rows 成排的动物

– Areas with dead sir spaces (Cobwebs)有死区的区域（蛛网）
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Boar Collection 公猪精液采集 

• Boar age 公猪年龄
– 5-6 months old, puberty and sperm in ejaculate 5-6个月大，初情期和射精

– Training and collection 7-9 months of age  7-9个月大的训练和收集

– By 9-10 months (wk 1) boars can produce 40 billion/ejaculate  
– 到9-10个月（第1周），公猪每次射精可以产生400亿次精液

– By week 45 (>12 mo.) boars can produce 60-70 billion (PIC 2015)
– 到第45周（>12个月），公猪可以生产600-700亿（PIC 2015）

• Collect boars regularly even when not in use 
• 定期公猪采精，即使是在不使用时

– Caudal storage good for weeks but as sperm age, more debris and dead cells
– 尾部储存数周良好，但随着精子年龄的增长，碎片和死细胞增多

Top Photo: Minitube Inc.
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Sperm Output by Boar Age
按公猪年龄计算的精子产量
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Rutten et al., 8:11 2000 SHAP
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Pre Collection 预收集

• Collection pen 采精栏
– Remove feces/wash/disinfect at end of each day 
– 每天结束时清除粪便/清洗/消毒

• Warm up pen 预热栏

– Move boar into warm up pen (to watch or wait)
– 将公猪放入预热栏（观察或等待）

– increase volume
– 增加体积

• Move boar into collection pen 
• 将公猪移入收集栏
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Collection containers收集容器

• Clean 38 C warming cabinet

• 清洁38℃暖柜

• Assembled cups (plastic/styrofoam)

• 组装杯子（塑料/泡沫塑料）

• Disposable bag and Filter

• 一次性袋子和过滤器

• Ejaculate tag (boar, genetics, collector)
• 射精标签（公猪、遗传学、收集者）
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Collection 收集
• Double glove  (not latex, polyvinyl) 双手套（非乳胶、聚乙烯）

– Evacuate preputial fluids, Trim hair 排出包液，修剪毛发

– Clean prepuce with disposable wipe 用一次性擦头巾清洁包皮

– Dispose of outer glove 外手套的处理

• Extend penis and hold cup away 伸展阴茎，把杯子拿开

• Discard first 25 mL 丢弃前25 mL

• Collect sperm rich  (100-250 mL routinely) 收集富含精子（常规为

100-250 mL）
– Netherlands Data: averaged 263 mL  荷兰数据：平均263 mL

• Do not collect too much of the post sperm fraction (clearer) 不要收

集太多的后精子部分（更清晰）

• Allow boar to finish 允许公猪完成

• Remove filter and discard (do not squeeze for semen) 取出过滤器并

丢弃（不要挤压精液）

• Cover cup, Change gloves 罩杯，更换手套
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Semen arrival 精液到达

• No people enter lab directly from barn 没有人直接从猪舍进入实
验室

• No dirty containers in pass through window (transfer to new) 窗
口内无脏容器（转移至新容器）

• Semen put in warming cabinet (at 37 C) positive air pressure  精液
放入加热柜（37℃）正气压

• Evaluate within 10 min of arrival  (semen ~32-35 C) 在到达后10 
min内进行评估（精液~32-35℃）

• Extension:稀释：

• 1 Step: Extend with ~32-35 C extender  (within 1 hour) 1步：使用
~32-35 ℃稀释液（1小时内）

• Ok for semen temp to drop 2-3 C from collection to extension 精
液从收集到稀释的温度下降2-3 ℃

• Once ejaculates extended they can be pooled 一旦射精时间延长，
它们就可以被汇集起来

• Packaged and moved into 17 C storage 打包并搬到17 ℃存储中

• Cool for at least 4 h before shipping 在发货前冷却至少4小时
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Minimal Ejaculate Criteria
最小射精标准
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Ejaculate abnormalities by season 射精异常（按季节） 

• Netherlands Ejaculates (>500,000) 
from 1997-2006 

• 荷兰射精数据

• 1 7.4% 
– (serious: during formation) 
– （严重：形成过程中）

• 2 13% 
– (during passage and handling) not as 

serious 
– （在射出和处理时）不那么严重
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Solutions for 2 Abnormalities 
2异常情况的解决方案  

• Collect 2X/day for 3 consecutive days
连续3天，每天收集2次

• Rest for 3-4 days休息3-4天

• Collect and evaluate收集和评估
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Semen Dose Production 精液产量 
• Doses 剂量

– May use Total or Motile (= live) 可以使用总的或运动的（= 活的）

– Many adjust for motile and abnormalities 许多人会进行调整，
以适应运动能力和异常情况

• Conventional AI 传统人工授精
– US 2.5-3.0 billion/75-80 mL 25-30亿精子/75-80毫升

– Netherlands 1.5 x 109  motile sperm/dose (35 doses/boar) 
– 荷兰1.5 x 109活动精子/剂量(35剂每公猪）

– Germany 2.0 x 109  sperm/dose 65-75ml (Shultze et al. )
– 德国2.0 x 109精子/剂量65-75ml（Shultze等）

Broekhuijse et al., 2011

Fietsma et al., 2011

国
际
养
猪
繁
殖
研
讨
会



Semen Shipping and Storage 精液运输和储存

• Shipping 运输
– Packaging-thermal control 包装热控
– Avoid shaking, temperature changes, 

sunlight, UV light
– 避免摇晃，温度变化，阳光，紫外线

照射

• Packing/stacking包装/堆放
– Ensure Air circulation for doses 
– 确保剂量的空气流通

• Unit function 单元功能 
– Temperature monitors 温度监测器
– Door closing/seal 门关闭/密封
– Avoid mold  避免发霉国
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