
Practical diet considerations to optimize 
profit in growing-finishing pigs 

生长肥育猪效益最大化的实用日粮方案 
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Grow-finish research: 
生长肥育猪研究 
- Takes time   费时 
 Fewer experiments per year 
    每年能开展的实验量少 

- Need to find small differences 
    需要找到小的差异 

- Takes large numbers 
    需要大量数据 

- Capturing feed use is difficult 
    测量动物的采食量难度高 
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Areas of research and concern for finishing pigs should be 
approached similarly to how diets are formulated 
肥育猪的研究和关注领域应与配制日粮的方式类似 

1）Energy density 能量浓度 
2）Lysine:calorie ratio  
      赖氨酸能量比 
3）Amino acid:Lys ratios 
      氨基酸与赖氨酸比 
4）STTD P:calorie ratio 
      标准总肠道可消化磷与能量比 
5）Ca:P ratio  钙磷比 
6）Vitamins & minerals 
       维生素和矿物质 
7）Feed additives 饲料添加剂 20

18
猪

营
养

国
际

论
坛



Setting dietary energy level 
设定日粮能量水平 

• Must know how in incremental change in dietary energy 
influences:       需要知道日粮能量变化对以下性能的影响： 
– Diet cost  日粮成本 
– Pig performance (ADG, F/G)  猪生长性能（平均日增重，料肉比） 
– Carcass criteria (dressing %, lean %, other)  胴体标准（屠宰率，瘦肉率等） 

 

• Market price to determine value of changes in pig performance       
调整猪的生长性能应该由市场价格决定 
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Influence of energy intake on lean growth 
能量摄入对瘦肉生长的影响 

瘦
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生
长
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This figure demonstrates two key points: First, slope of the linear portion of the lean growth curve is steaper for younger pigs than for older pigs. This means that for each incremental increase in energy intake, there is a greater return in lean growth at lighter body weights than at heavier weights. Thus, younger pigs have better feed efficiency.Second, the point where the pig shifts from the linear to the plateau phase changes as body weight increases. In this example, the pig consumed enough energy by 170 lb to maximize lean growth. In many commercial situations today, high lean pigs never consume enough energy to maximize lean growth.



Influence of energy intake on feed efficiency 
能量摄入对饲料利用效率的影响 
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Influence of NE on ADG 
净能对平均日增重的影响 
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ADG, g = 0.1135×NE (kcal/kg) + 8.8142×Average 

BW (kg) – 0.05068×[Average BW (kg)]2+ 275.99 
 

Nitikanchana et al. (2015).  
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Influence of energy intake on ADG 
能量摄入对平均日增重的影响 
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Impact of increasing NDF on Carcass Yield 
中性洗涤纤维增加对屠宰率的影响 

 
Coble et al. (2015)  
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Carcass yield prediction equation 
屠宰率预测方程  

Papers used in regression analysis  用于回归分析的论文 

 
Soto et al. (2017).  

 

  First author, year 
第一作者，年份 

Source1 

来源 
NDF12, % 

中性洗涤纤维1，% 
NDF23, % 

中性洗涤纤维2，% 
WP4, d Initial BW, 

kg 始重 
Final BW, kg 

末重 
Yield, % 
产量，% 

 Asmus, 2014 J 8.8 - 20.2 8.8 - 20.2 0-47 41.0 122.8 71.6 - 73.2 
 Coble, 2015 (exp. 1) T 8.8 - 20.2 8.8 - 20.2 0-20 38.4 126.0 71.2 - 72.7 
 Coble, 2015 (exp. 2) T 8.8 - 20.2 8.8 - 20.3 0-24 44.5 132.5 74.3 - 75.4 
 Gaines, 2007 J 8.7 - 15.3 8.8 - 15.3 0-42 66.1 128.5 75.9 - 77.1 
 Graham, 2014 J 8.8 - 20.2 8.8 - 20.2 0-24 55.8 126.8 72.8 - 74.2 
 Jacela, 2009 M 8.5 - 15.0 8.4 - 14.9 0-41 39.0 121.5 75.1 - 75.9 
 Nemecheck, 2013 J 8.8 - 20.2 8.8 - 20.2 0-17 49.6 129.0 74.7 - 75.1 
 Xu, 2010 J 8.8 - 15.3 8.8 - 15.3 0-63 30.0 125.0 75.8 - 77.0 

1 Source type: J=Journal, T=Thesis, M=Technical memo.    来源类型：J =期刊，T =论文，M =技术备忘录。 
2 Range of NDF concentration in dietary phase before the final phase.   最终阶段前日粮NDF浓度范围。 
3 Range of NDF concentration in final dietary phase before marketing. 上市前最后日粮阶段NDF浓度范围。 
4 Range of withdrawal period.   休药期范围 

= 0.03492 × WP (d) – 0.05092 × NDF1 (%) – 0.06897 × NDF2 (%)   
– 0.00289 × (NDF2 (%) × WP (d)) + 76.0769 

Yield屠宰率, % 
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Predicted carcass yield  预测屠宰率 
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Ingredient selection and energy prediction 
原料选择与能量 

• Many ingredients can be used. 可选择的原料种类很丰富 
– NPB (2008a,b); NRC (2012); Stein et al (2016) 

• Use consistent methodology to set energy values for each 
ingredient:   使用一致的方法设定每种原料能量值 

 
– NRC equations, INRA software, CVB, others NRC方程，INRA软件

，CVB，其他 
– Calculate energy value relative to a reference ingredient 计算相对

于参考原料的能量值(Gonçalves et al., 2016b).  
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Economics & System 
Performance  
经济与系统性能 

Model settings  
模型设置 

Nutritional program
营养方案 

Economic model for optimum dietary energy for 
growing-finishing pigs 

生长肥育猪最佳日粮能量经济模型 
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SID Lysine requirement of finishing pigs  
肥育猪对标准回肠可消化赖氨酸的需求量 

• 18 experiments = 20 g/kg gain 
 18组实验=20 g/kg增重 
 

Exp.  
实验量 

Weight, kg  
体重范围 

g/kg gain  
每千克增重需要的赖氨酸量 

Main et al., 2008 7 35 - 120 20 

De La Llata et al., 2001 2 27 - 120 20 

Bergstrom et al. 2010  4 37 - 129 20 to 21 

Srichana et al., 2004 4 34 - 100 20 

Shelton et al., 2009 1 55 - 80 20 

20
18

猪
营

养
国

际
论

坛



SID lysine estimates for PIC gilts from 20 to 120 kg 
20-120kg PIC母猪的标准回肠可消化赖氨酸需求 
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Minimum ratios for other amino acids relative to lysine 
其他氨基酸与来赖氨酸的最小比例 

  Weight range, kg   体重范围，kg 
  25 to 50 50 to 75 75 to 100 100 to 135 
Isoleucinea 异亮氨酸 52 52 52 52 
Leucine 亮氨酸 100 100 100 100 
Met & Cys 蛋氨酸&半胱氨酸 56 56 56 58 

Threonine 苏氨酸 61 62 63 65 

Tryptophanb 色氨酸 18 - 21 18 - 21 18 - 21 19 - 21 

Valine 缬氨酸 68 68 68 70 
a Diets with high leucine (ex. > 140% of Lys) require higher isoleucine (ex. 60% of lysine). 
  高含量亮氨酸日粮（如> 140％）需要更高含量的异亮氨酸（如60％的赖氨酸）。 
b Optimal tryptophan:lysine ratio depends on value of weight gain.    
  最适色氨酸与赖氨酸比例由日增重的经济价值决定 
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SID tryptophan:lysine ratio at different target 
performance levels of finishing pigs                            

育肥猪在不同目标生长性能水平下标准回肠可消化色氨酸与赖氨酸比 

20 

Percent of maximum performance, %  占最大生产性能百分比 % 

Item项目 95% 96% 97% 98% 99% 100% 

ADG 平均日增重 17.6% 18.3% 18.9% 19.8% 20.8% 23.5% 

F/G 料肉比 14.9% 15.3% 15.7% 16.1% 16.5% 16.9% 

adapted from Goncalves et al., 2015 
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Optimal Trp:Lys ratio during low profit (below breakeven) 
低利润时最适色氨酸赖氨酸比（低于盈亏平衡） 

Model at www.KSUswine.org 

利润最大化时色氨酸赖氨酸比 
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Optimal Trp:Lys ratio during high profit 

Model at www.KSUswine.org 

高利润时最适色氨酸赖氨酸比 
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Determination of optimum levels of crude protein in 
finishing pigs from 110 to 135 kg 
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Linear, P = 0.198  线性 
Quadratic, P = 0.074  二次性 
SEM = 0.88  标准误差 

110~135 kg育肥猪中最适粗蛋白含量的测定 
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Determination of optimum levels of crude protein in 
finishing pigs from 110 to 135 kg 
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Phase-feeding 分阶段饲喂 
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Accurate estimates of nutritional requirements are essential to develop phase-feeding strategies and to minimize the supply of nutrients in excess or deficiency. However, in practice, it is challenging to accurately estimate and deliver the optimal concentration of nutrients required for growth.
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Feeding strategies with fewer phases either provide adequate nutrient levels initially, which become excessive later on as nutrient requirements decrease, or provide nutrient levels below the requirements initially and rely on compensatory growth later on when nutrient levels are adequate. Pigs exhibiting compensatory growth utilize nutrients more efficiently and reduce nitrogen excretion, which may be beneficial to improve the overall efficiency of swine production.



Estimated Lysine Requirements 
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Maximal growth rate and feed efficiency  
使增长率和饲料利用效率最大化的赖氨酸需求： 
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The equations used to estimate SID lysine requirement of finishing gilts as lysine to calorie ratio were derived from PIC Nutrient Specifications Manual for maximal growth rate and feed efficiency; and from the Kansas State University Applied Swine Nutrition group at for standard lysine levels for optimal income over feed cost. The PIC curve is based on a series of 27 trials conducted under commercial research conditions with pigs of the same genetics used in this study.The KSU curve is based on previous research conducted in the same facilities used in this study. 
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In this graph, phases 1 through 4 are represented in the x axis; the response variable is in the y axis, in this case ADG in kg; each colored bar represents a treatment and the respective SID Lys level as percentage of the diet for each phase in on the bottom of the slide.In phase 1, the 2-phase feeding program had lower ADG compared to MAX or STD feeding programs, because of the lower lysine levels fed in this feeding program compared to the others feeding programs. However, in phase 2, the 2-phase feeding program had improved ADG compared to STD and STD/MAX feeding programs, this time because of the higher lysine levels fed in the 2-phase feeding program compared to the other programs in this phase.Similarly, in phase 3, the 2-phase feeding program had improved ADG compared to MAX and STD feeding programs, because of the higher lysine levels fed in this feeding program.In phase 4, there was no evidence for differences in ADG across the feeding programs.Taken together, in the STD/MAX program the poor performance observed in early finishing was followed by a compensatory growth improvement in phase 3, as observed by similar ADG to the 2-phase feeding program even though the lysine level was lower in this feeding program. The improvements in ADG observed in this study were mainly driven by feed efficiency, with no evidence for differences in ADFI.
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Overall, pigs under the 2-phase feeding program improved ADG compared to pigs under the standard program, and feeding SID Lys for maximum growth in either a full program or a combination of standard in early finishing and maximum in late finishing resulted in intermediate ADG.
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Similarly, there was no evidence for differences in feed efficiency across the feeding programs in the overall period. 
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Also, the standard feeding program also resulted in the lowest feed cost per kg of gain across the feeding programs, and similar feed cost per kg of gain was observed for maximum, standard/maximum and 2-phase programs. 
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Finally, no evidence for differences was observed in income over feed cost. Although there were differences in feed cost, the difference in growth performance led to a similar IOFC in the 4 feeding programs tested in this study. 
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Although this study was not purposefully design to evaluate compensatory growth, the growth performance of pigs under the 1-phase program during Phase 3 and 4 indicates compensatory growth. Compensatory growth results from improved feed efficiency following a period of nutrient intake restriction. In this case, pigs showed ability to counteract previous periods of lysine deficiency by improving feed efficiency when fed adequate levels of the amino acid. Similarly, compensatory growth seems to occur in pigs under the 2-phase program during Phase 3.
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Overall, pigs under the 1-phase feeding program had lower ADG compared to 2- and 4-phase feeding programs, with the 3-phase feeding program intermediate. The feeding programs with either 2 or 4 dietary phases resulted in similar ADG in the overall grow-finish period. There was no evidence for difference on ADFI and F/G across the feeding programs. 



[值] [值] [值] [值] 

2.20

2.40

2.60

2.80

3.00

3.20

1-PHASE 2-PHASE 3-PHASE 4-PHASE

Fe
ed

/g
ai

n 
d 0 to 121 

Effect of phase feeding program on overall feed efficiency 

SEM = 0.03 
P = 0.398 

分阶段饲喂方案对饲料效率的影响 

1-阶段                    2-阶段                  3-阶段                  4-阶段 

料
肉
比 

Menegat et al., 2018 

Exp. 2 例2 

20
18

猪
营

养
国

际
论

坛

演示者
演示文稿备注
… and F/G across the feeding programs. 
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Finally, no evidence for differences was observed in income over feed cost. Although there were differences in feed cost and revenue, the difference in growth performance led to a similar IOFC in the 4 phase-feeding programs. 
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The equations used to estimate SID lysine requirement of finishing gilts as lysine to calorie ratio were derived from PIC Nutrient Specifications Manual for maximal growth rate and feed efficiency. The PIC curve is based on a series of 27 trials conducted under commercial research conditions with pigs of the same genetics used in this study.
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Although this study was not purposefully design to evaluate compensatory growth, the growth performance of pigs under the 1-phase program during Phase 3 and 4 indicates compensatory growth. 
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Overall, the 1-phase feeding program resulted in lower ADG compared to the 4-phase feeding program, with 2- and 3-phase feeding programs intermediate. 
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The 1-, 2- and 3-phase programs resulted in poorer GF compared to the 4-phase feeding program, with the poorest F/G observed in the 1-phase program. 
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Similarly, HCW was lower in pigs under the 1-phase program compared to the 4-phase program, with 2- and 3-phase programs intermediate. There was no evidence for differences in carcass yield across the feeding programs, with an average of 73.9% yield. And also, there was no evidence for differences in carcass lean, loin depth, and backfat thickness, with an average of 56.8% lean.
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Finally, IOFC was increased in the 4-phase program compared to the 1-phase program, with 2- and 3-phase feeding programs resulting in intermediate IOFC.
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STTD P requirement of finishing gilts for maximum growth 
and feed efficiency (Includes use of high phytase levels) 

= -0.4114 × LN(body weight, kg) + 2.99 
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Calcium:phosphorus ratios 钙磷比 

• STTD Ca: STTD P   标准全肠道可消化钙磷比 

• Total Ca: STTD P  总钙与标准全肠道可消化磷比 

• Analyzed Ca:STTD P 分析钙与标准全肠道可消化磷比 

• Total Ca:Total P 总钙与总磷比 

• Analyzed Ca : Analyzed P 分析钙与分析磷比 

– 1:1 to 1.3:1 
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Other minerals and vitamins 其他矿物元素和维生素 

• Vitamins and minerals 维生素和矿物元素 
– Recommended levels vary considerably (Flohr et al., 2015)  
  各种推荐水平之间有很大差异 
 
– Lower margins of safety for increased profitability do not lower 

performance (Del Tuffo et al., 2018) 
  有时通过降低安全边际来提升利润不会损害生产性能   

• www.KSUswine.org for current recommendations 我们目前推荐量 
 

– Copper added at growth promoting levels, especially in early 
finishing  

   添加铜促进生长，特别是在肥育期早期 
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Practical diet considerations to optimize profit in 
growing-finishing pigs 
生长肥育猪效益最大化的实用日粮方案 

• Grow-finish feed ≈ 80% of feed use!  生长肥育饲料占饲料总使用量的80% 

• Determining the most economical energy level 确定最经济的能量水平 
– Influence of dietary fiber and fat on dressing percentage and fat quality. 
 膳食纤维和脂肪对屠宰率和脂肪质量的影响  
– A consistent method to estimate net energy or productive energy for individual ingredients.  

 采用一致的方法来估算单一原料的能量值 

• Lysine:calorie ratio and number of diet phases   不同日粮阶段的赖氨酸能量比 
– Amino acid ratios to lysine   其他氨基酸与赖氨酸比 

• Phosphorus:calorie ratio and Ca:P ratio 磷与能量比和钙磷比 
• Vitamins, trace minerals, and salt  维生素、微量元素和盐 
• Feed additives 饲料添加剂 

– Thoroughly evaluate before using  使用前经过充分评估 
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Feeding programs and use of 
additives in growing-finishing pigs 

生长育肥猪饲喂方案及添加剂的应用 

Mike Tokach 
Extension specialist and 

 swine nutritionist 
Kansas State University 

mtokach@ksu.edu; 785-532-2032 
www.KSUswine.org 20
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