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Basic Nutrition for Pigs
.  NE/ME/DE

.  AA: Lys/Met/Thr/Trp/Val
– SID AA
– source

.  Ca/P

.  Mineral: Cr/Se/Zn/Cu…

.  NDF

.  CP
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Low-protein Technology/Ideal Amino Acid Pattern
•   Basic Research：

–  Maintenance of Amino Acid Ratios：(D. H. Baker, 1966)

–  Concept was introduced by ARC (1981)

–  Protein Deposition Amino Acid Ratios：(M. F. Fuller 1989)

–  Low Crude Protein-Optimum Dietary AA Pattern(M. F. Fuller 1989)

–  Ideal AA  Pattern (D. H. Baker, 1992)

–  Dynamic Ideal Protein (S. W. Kim, 2001)
–  H. T. Yen：  Difference in rates of net portal absorption between crystalline and protein-bound
–  K. De Lange, J. E. Pettigrew： AA mathematic model

•   Applied Research：
–  Gary L Allee, L. L. Southern

–  KSU, CAU

–  Industrial Production of Synthetic Amino Acids
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TEK-MAX
Dynamic AA Model：An Ideal Amino Acid Model for Limiting Amino Acids in 
Lactating Sows

1 Source: Kim, etc

2 Values indicate the proportion of amino acids from sow body mobilization in milk amino acids

3 NRC does not consider somatic histone mobilization

4 Assuming typical corn-soybean meal type diets are fed during lactation(0.90%)



Ji, 2004                                                                     McPherson et al., 2004
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Starch’s Difference                                                 TEK-MAX

Qiuzhong Dai, 2005

RS diet                          corn diet
stick rice diet                 brown rice diet



Amino acids RS diet Maize diet Brown rice diet Stick rice diet

Asp 81.10±2.68b 88.86±2.40ab 92.95±2.40a 89.05±2.68ab

Glu 82.13±2.27b 89.39±2.03a 94.00±2.03a 91.70±2.27a

Ser 68.81±2.17b 80.49±1.94a 85.85±1.94a 79.63±2.17a

His 74.38±2.80c 89.98±2.50b 96.21±2.50ab 103.42±2.80a

Gly 79.22±4.15 76.26±3.71 83.90±3.71 72.47±4.15

Thr 76.16±2.71 b 82.10±2.42 ab 87.18±2.42 a 81.35±2.71 ab

Arg 80.77±2.03 b 93.45±1.81a 93.60±1.81a 91.57±2.03a

Ala 78.48±2.87 79.62±2.57 81.14±2.57 72.84±2.87

Tyr 80.04±2.42 b 92.79±2.17a 91.56±2.17a 85.79±2.70ab

Meth 74.49±2.15b 96.21±1.92a 95.54±1.92a 91.18±2.15a

Val 75.91±3.41 84.43±3.05 86.01±3.05 79.44±3.41

Phe 80.36±2.48 b 87.87±2.22 a 89.57±2.22 a 86.43±2.48 a

Ile 70.22±2.48b 86.38±2.22a 88.32±2.22a 82.38±2.48a

Leu 81.06±2.04b 88.92±1.82a 89.75±1.82a 85.38±2.04ab

Lys 70.69±2.57b 90.43±2.30a 89.58±2.30a 88.62±2.57a

         TAA 76.88±2.25b 86.99±2.01a 89.94±2.01a 85.25±2.25a

Effects of starch on AA TID

Qiuzhong Dai, 2005
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•

•

•

Energy :  Starch？
Ca/P : ？

Mineral: ？
TDF : ？

Differences in Amino Acid Absorption TEK-MAX

Yen, 2004



Differences in the Absorption of Zinc from Different Ligands

S W Kim ，2019, NC state university
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Basic Application
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Pigs at all stages（starter pigs+G-F）
+nutrition standard

Standard 1

Group                                     Standards

Published by Feed Industry Association in China

Chart 1   Major Nutrient Composition Index

3.5 Hygienic Index 

Comply with the regulatins of GB13078

4 sampling

In accordnce with the regulations of GB/T 14699.1

5 experinment method

5.1 Organic Inspection

5.2 Moisture

Released on Oct. 26th,2018                         Implemented on Nov. 1st,1018



Pigs at all stages+nutrition standards+Feedstuffs recommendations+Typical 
formulations

Standard 2

Group                              Standards

Published by Feed Industry Association in China

Released on Apr. 13th, 2022                 Implemented on May 13th,2022

Chart 3 Major Nutrition Index for the Diets of Starter and Growing-finishing Pigs Chart 4 Major Nutrition Index for Diets of Sows



TEK-MAX
19 kinds of protein feedstuffFeedstuff Recommendations

Standard 2

17 kinds of energy feedstuff

Soybean Meal 
Limit

Chart 1 Recommended maximum amounts of non-conventional feed 
ingredients in diets for pigs at different physiological stages

Soybean meal use limit in diets for different physiological stages of pigs



Typical Formulations

TEK-MAXStandard 2
Chart A1  Typical Formulations of Diversified low-protein and low-Soybean Diets for starter and Growing-finishing Pigs

Chart A2 Typical Formulations  of Diversified Low-protein and Low-soybean Diets for Sows 



Model Selection

•  Breeds, production purposes, and feeding stage divisions...
•  Product Performance： ADFI, ADG, F/G…
•  Product Quality：lean percentage、quality…
• Others：cost、immnunity、philosophy…

TEK-MAX



Primary weight, kg 224.74a 250.98b 274.84c 286.43d 294.38d < 0.01
weight loss, kg -14.80 -16.85 -15.82 -17.10 -17.10 0.94

Backfat loss, mm -3.22a -2.65ab -1.79b -2.00ab -1.50b 0.06

loss of eye muscle thickness, mm -3.25a -2.17ab -3.48a -1.92ab -0.94b 0.15

Weaning-estrus interval, 184 pigs 5.64a 5.22b 5.41ab 5.20b 5.17b 0.06
live births 11.30 11.25 11.26 11.55 11.85 0.94
stillborns 0.91 0.89 1.00 1.10 1.42 0.50
mummy 0.26 0.18 0.11 0.31 0.27 0.42
Gestating piglets/sows                  11.16             11.22            11.28            11.33            10.88              0.44
Weaning piglets/sows                 10.28ab                 10.42a                   10.32ab              10.09b                   10.52a                    0.16

Loss before weaning，%              7.84ab                    6.59a                      7.44ab                9.34b                      5.74a                    0.20
Primary weight of piglets, kg            1.57a                         1.77b                      1.74b                    1.60ac                    1.69abc           < 0.01
Average daily weight gain, g/d                  204.56a           234.44b                 242.57b          270.01c               253.37bc               < 0.01

Final weight of piglets, kg            5.72a                        6.29b                      6.45b                    7.00c                      6.68bc              < 0.01      Zhu zhengpeng, 2010

Influence of Litter Size on the Performance of Lactating Sows and Piglets            
parities
sows number
ADFI, kg/d 6.70b    < 0.01

r  value
---

5
26

4
42

3
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6.52b 6.67b 6.71b5.79a



TEK-MAXSex Difference

KSU，2012



Scientific Stage Nutrition and Feeding                 TEK-MAX

  
.  Physiological features
.  nutrition requirements
.  Economic factors

.  …



Results of a Low-protein Study in Sows TEK-MAX



•  Select ion of  models/s tandards：Production performance, 
immunization, meat quality ...
•  Database：NE、SID AA …
•  Staging and Nutritional Refinement
•  Feeds tu f f  selection and quality
•  Feeding program and feeding management

•  Costs "remain high"
•  Reduced production performance
•  Decline in slaughter quality
•  Decline in reproductive performance

Factors affecting the effect of low-protein diets on production performance
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Basic Operation
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Establishment of a Prediction System for 
Evaluating Effective Nutrients in Raw Materials

•  GE-DE-ME-NE
•  CP--SID AA
•  Ideal CP--Ideal AA
•  TP-aP

• MAFIC
• INRA 
• CVB
• NRC

TEK-MAX



Graded use of feedstuff

.  Corn：origin,bulk weight,toxin …

.  Soybean meal: Origin, technique, crude fiber、ash … .  
Warehouse palletizing management

– acuurate testing
– g raded palletizing
– g raded formulations
– batch application

TEK-MAX

feedstuff tons location
sample 
condition

moisture 
testing

crude 
protein

crude 
ash

crude 
fiber

peanut m
eal 48

acceptable





Correct Amino Acid Detecction  M e t h o d                             
SAA       O x i d a t i o n  h y d r o l y s i s    Aicd hydrolysis    Diff.  
Met            0.17           0.14         0.03

– Aicd hydrolysis: Other AA                                          Met             0.19            0.22          -0.03

– alkaline hydrolysis: Trp                                            wheat       Cys             0.30             0.24          0.06
Met            0.58           0.33         0.25

– Oxidation hydrolysis: SAA                       soybean meal       Cys            0.66            0.38         0.28
Met            0.69           0.41         0.28

rapeseed meal      Cys           0.91           0.43        0.48
Met            0.60           0.43         0.17

 cottonseed meal      Cys           0.74           0.47        0.27
Met            0.63           0.36         0.27

 DDGS         Cys           0.57           0.29         0.28
Met            1.43            1.30         0.13

corn protein meal   Cys           1.07           0.49         0.58
Met            0.89           0.98         -0.09

meat meal      Cys           0.62           0.25         0.37
corn：10 samples；wheat：10 samples；soybean meal：10 samples；cottonseed meal：10 samples；                                             Met             1.55             1.84        -0.29

fish meal      Cys           0.55           0.36         0.19
DDGS：10 samples；rapeseed meal：13 samples；meat meal：4 samples；fish meal：9 samples                                                                       

corn      Cys           0.18           0.14        0.04



Feedstuff quality and selection

ISU

KSU

UIUC



Items Responsible Person Decision-maker
product development marketer marketer

product function 
development

marketer marketer

product formulations 
design

dietitians dietitians

feedstuff selection dietitians+purchaser dietitians

quality and safety quality controller quality controller

product processing dietitians+producer dietitians+producer

product tracking 
improvement

marketer+quality 
controller+dietitians

marketer+quality 
controller+dietitians

Product Operation



Harmonization of product standards
Groups’ 
Name

Location Companies’ 
Name

Growing 
Stage Feeding Stage

total 
phosphorus copper zinc selenium

fucoxanthin 
sulfate olaquindox guillamycin

Zhanjiang

Qujing

Kunming

Nanning

Nanning

Yangjiang

Xinjin

Xinjin

piglets



•  product design value = Enterprise filing standards = label standard 
= standards of finished product

•       nutrition        quality control     quality control         production

Product Manufacturing and Operations TEK-MAX



Staging and Cost Optimization TEK-MAX

types
formulation/ feed number

Days of age



feedstuff 
number

month number weaning weight per 
litter, kg

average weaning 
weight, kg

weaning survival 
rate%

ammonia 
concentration, ppm

common# 2 20 79.3 7.45 90.6 7.2

biological# 2 20 80.6 7.60 91.4 5.3

Reproductive Performance of Sows



Assessment 
standards

Regular Group Experimental Group

heads/group 90 90

days 30 30

initial weight, kg 39.56±1.73 38.59±0.86
final weight, kg 59.05±1.07 59.12±1.27
ADFI, g 1320±20 b 1360±10 a
ADG, g 650±20 680±20

F/G ratio 2.04±0.08 1.98±0.04

The Reproductive Performance of Growing pigs



降低率 2.80 5.67 9.61 9.31 18.28 25.94 22.53 17.99 26.42 39.64 32.79 26.53 33.89

试验组 10.4 7.7 8.6 6.5 6.4 6.2 5.9 5.4 4.9 3.8 4.1 3.6 3.0

对照组 10.7 8.2 9.5 7.1 7.9 8.3 7.6 6.6 6.6 6.3 6.1 4.9 4.5

Sancai Swine Farms at Harawusu, Zalong, Tiefeng, Qiqihar, Heilongjiang Province
12.0   

ppm    The removal of ammonia gas test for pigsties for gestating sows  in Sancai pig farm in Qiqihar

12.26       12.27       12.28       12.29       12.30       12.31          1.1            1.2            1.3            1.4            1.5            1.6            1.7

42.00

36.00

30.00

24.00

18.00

12.00

6.00

0.00

10.0

8.0

6.0

4.0

2.0
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降低率     试验组     对照组

declined ratio

experimental group

control group



•  external VS internal
•   product VS profit
•   good product ≠ good production 

performance ≠ good  customer 
profitability

•   enhance the communication with 
marketer

Communication Generates Value
TEK-MAX



Future Outlook

•  Perception of basic research

•  Refinement of basic applications

•  Trade-offs in basic operations

•  Environmental Considerations for Nutrition

Group                          Standards

Released on 
Oct.26,2018

Implemented on 
Nov. 1st, 2018

Published by Industrial Feed Industry in China

Chart 1 Major Nutrition Indx

3.5 Hygienic Index

4 Sampling

5 Experiment Method

5.1 Organic inspection

5.2 Moisture
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