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Greetings and welcome to the 2023 International Symposium & Annual Meeting of Korean Society of Animal
Sciences & Technology (KSAST).

Despite the hard conditions we had the past 3 years of Covid-19, Korea's advanced animal science research
remains stronger than ever and successfully hosted the 19th AAAP Animal Science Congress in 2022. We proudly
welcome you to the expanded facilities venue of academic presentations at the Gwangju Kim Dae-jung
Convention Center. In the past, the annual meetings were hosted by a diverse network of universities within
Korea.

Given this years theme keyword, "Low Carbon," the keynote speakers will give presentations on this subject.
Through this KSAST Annual Meeting, we hope to dispel myths and exaggerations about carbon emissions in
animal husbandry and inform the public that the animal industry can contribute to the preservation of the
environment while also providing produce for the nation. Additionally, we believe that this meeting will assist the
members of the Korean Society of Animal Sciences and future generations of scholars in discovering scientific
clues for carbon reduction.

This KSAST Annual Meeting would not have been possible without the extraordinary efforts of the Program
Committee, volunteers, and sponsors. Also, many thanks to the GITO and Kang Ki-jung, the Mayor of Gwangju
City, for their assistance in creating a successful meeting and extended thanks to all our session chairs, speakers,

presenters, and exhibitors.
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[2023 Annual International Conference of KSAST]

Date: July 5 (Wed) - 7 (Fri), 2023
Place: Kimdaejung Convention Center, Gwangju
Theme: “Low carbon to become environment-friendly animal industry”

e Wednesday, July 5 2023

Time PEEe Kimdaejung Convention Center, Convention hall (4F)

14:00 ~ Registration/reception (2F)

Opening Speech : Sejong Oh (President of KSAST)
15:00~15:20 Welcoming Speech : Kang Ki-jung (Mayor of Gwangju)
Congratulatory Address : Beomyoung Park (President of NIAS)

Plenary Lecture 1

15:20~16:20 Prof. Yoo Yong Kim (Seoul National Utilization of Low-Protein Swine Feed and
University) Carbon Neutral
16:20~17:20 The grand prize winner’ s presentation
Discussion session with heads of animal science departments
16:20~17:20 Hosted by NIAS
Rm. 307 (3F)

Welcome Reception with livestock companies

18:00~ (Convention hall 1, 3F, Hotel Holiday Inn)




e Thursday, July 6 2023

Place Kimdaejung Convention Center, Convention hall (4F)
Time Rm. 208 | Rm. 214 Rm. 209 Rm. 212
08:00~ Registration/reception (2F)
Poster Setup (until 08:30)
08:30~09:00
*Posters must be set between 08:30 AM ~ 16:50 AM
Plenary Lecture 2
Convention hall (4F)
Dr. Mingan Choct ) )
09:00~09:50 ] ] Sustainable feed formulation for poultry
(Univ. of New England, Australia)
10:00~12:30 Horse Rgsgarch Nutritional Fgeq Mlcroblomg Research JAST Editorial Meeting
Association Research Association Association
. i Regular General meeting
12:30~13:20 Convention hall (4F)
Break Time
12:30~13:30 . . . .
(Lunch not provided, *Receipt of gift certificates)
Plenary Lecture 3
Convention hall (4F)
13:30~14:20 Dr. Fran Cowley Triumphs and troubles in trying to reduce
’ ’ (Univ. of New England, Australia) enteric methane from ruminants
Break Time
14:20~15:00 . ;
Poster Presentation | : Poster review (Lobby, 4F)
Cargill Agri Purina session
Convention hall (4F)
Dr. Kim, Jeong-Hoon (Cargill Agri Purina Director of Introducing eco—friendly
15:00~17:00 Sustainable Management) sustainable management
Dr. Dong Hyuk Kim (Cargill Agri Purina Director of Swine Research for Sustainable
Swine Research and Technology) Livestock Farming
Dr. Joonpyo Oh (Cargill Agri Purina Director of Cattle |Development and Application of
Research and Technology) Low—Methane Feed in the Industry
Oral Presentation |
Rm. 208 Rm. 209 Rm. 210 Rm. 211 Rm. 212 Rm. 213 Rm. 214
15:00~15:50 (2F) (2F) (2F) (2F) (2F) (2F) (2F)
Utilization F,‘\l“mi_”?”t
Monogastric | Monogastric| Monogastric . Forage and utrition
" " " Animal . .
Nutrition Nutrition Nutrition |, Science and | Processing |Reproduction
. . Biotechnology - .
16:00~16:50 (i) (ii) (iii) Environment| of Livestock and
Products Physiology




o Friday, July 7 2023
Place . . . .
Time Kimdaejung Convention Center, Convention hall (4F)
08:00~ Registration/reception (2F)
Poster Setup (until 08:30)
08:00~09:30
*Posters must be set between 08:30 AM ~ 16:50 AM
Young scientist session
Prof. Hae In Yong Application of Atmospheric Pressure Plasma in
(Chungnam National University) Meat and Meat Processed Products
Prof. Jaecheol Jang Precision Feeding and Sustainable Swine
09:30~12:00 (Gyeongsang National University) Production
Development of Functional Feed Ingredients for
Prof. Jonghyuk Kim Stress Reduction and Barrier Function
(Chungbuk National University) Enhancement in Broilers Exposed to High
Temperature and Crowded Conditions
Break Ti
12:00~13:00 | readime g
(Lunch not provided, *Receipt of gift certificates)
Oral Presentation II
Rm. 208 Rm. 209 Rm. 210 Rm. 211 Rm. 212 Rm. 213 Rm. 214
(2F) (2F) (2F) (2F) (2F) (2F) (2F)
13:00~13:50 Utilization
Monogastric | Monogastric |Monogastric Animal Forage and Ruminant
Nutrition Nutrition Nutrition | Biotechnolo | Science and | Processing Nutriti
(i) (ii) (iii) ay Environment| of Livestock utrition
Products
. . Break Time
13:50~15:00 Poster Presentation|l : Poster review (Lobby, 4F)
The Grand Prize winner’ s Presentation & Closing Ceremony
15:30~16:00

Convention hall (4F)




Poster Presentation |

Thursday, July 6 2023 14:20~15:00(Convention hall : Lobby, 4F)
Date Section Number Poster No.
Monogastric Nutrition 24 PA23001 ~ PA23024
Animal Biotechnology 16 PB23001 ~ PB23016
Ruminant Nutrition 23 PC23001 ~ PC23023
Reproduction and 9 PD23001 ~ PD23009
6 Physiology
(Thur) Breeding ar?d Genetics 7 PE23001 ~ PE23007
Forage Science and 2 PF23001 ~ PF23022
Environment
Utilization and Processing
of Livestock Products > PG23001 ~ PG23005
Total 106
Poster Presentation Il
Friday, July 7 2023 13:50~15:00(Convention hall : Lobby, 4F)
Date Section Number Poster No.
Monogastric Nutrition 23 PA23025 ~ PA23048
Animal Biotechnology 16 PB23017 ~ PB23032
Ruminant Nutrition 24 PC23024 ~ PC23047
Reproduction and 10 PD23010 ~ PD23019
7 Physiology
(Fri) Breeding and Genetics 7 PE23008 ~ PE23014
Forage >cience and 22 PF23023 ~ PF23044
Environment
Utilization and Processing
of Livestock Products > PG23006 ~ PG23010
Total 107




Oral Presentation |

Thursday, July 6 2023 15:00~16:50 (Kimdaejung Convention Center : 2F)
% 10min per each presenter / Q&A (5min)

Date Section Number Oral presentation No.
Monogastric Nutrition 19 0OA23001 ~ OA23019
Animal Biotechnology 7 0OB23001 ~ OB23007
Ruminant Nutrition 4 0C23001 ~ OC23004
6 Rep;ﬁg:igtlfgya”d 4 0D23001 ~ OD23004
(Thur) Forage Science and 5 OF23001 ~ OF23004,
Environment OF23007, OF23008
Utilization and Processin
of Livestock Products ° 6 0623001 ~ 0623006
Total 46

Oral Presentation IlI

Friday, July 7 2023 13:00~13:50 (Kimdaejung Convention Center : 2F)
% 10min per each presenter / Q&A (5min)

Date Section Number Oral presentation No.
Monogastric Nutrition 10 0A23020 ~ OA23029
Animal Biotechnology 4 0B23008 ~ OB23011
Ruminant Nutrition 3 0C23005 ~ OC23007
7 Reproduction and 4 OF23005, OF23006,
(Fri) Physiology OF23009, OF23010
Forgiifgfr:gi ta”d 3 0G23007 ~ 0G23009

Total 24

The grand prize winner’s presentation & Closing
» Date : Friday, July 7 2023 15:30

» Award : Sejong Oh (President of KSAST)

» Place : Convention hall, 4F
» Participants : all members and winner
(prize draw event)

% The oral presentation and poster presenters will have an award ceremony in the order of

the closing ceremony, so please attend (No proxy award is available, and if the winner is

absent, the next winner will be awarded).
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Low Protein in Pig Feed

v

In Korea, the need for economic feed for pigs has been claimed
since 2006
=> CP is 4-6% higher than in the EU, a leading pig farming countries

» The government has proposed a carbon neutral-policy direction to
reduce greenhouse gas emissions
=> 24 4% reduction in 2030 compared to 2017, carbon neutrality by 2050
= GHG emissions from agriculture account for 3% of the total and livestock 1.35%

v

Report to the Blue House on low-carbon, low-methane feed from the

Ministry of Agriculture, Food and Rural Affairs in early

=> Start of low protein feed development project by livestock species (2021, IPET)

= Low-protein feed process standards starting with pig feed (2022.7)

=> Incentives are also being considered for the use of low-methane and
low-protein feeds in the future

» The government is investing in various research funds for the
development of low-methane feed
-> Over the past 30 years, 3-NOP was the only achievement

The Total Greenhouse Gas Emissions
and Reduction Targets by Country

Class Target NDC 2030 | 20102030 reduction goal 2018~2030 reduction goal
Year ratio target
RIEon 2010 total Reduction 2018 total Reduction
emission rate emission rate
u.s. 2005 50~ 3,548~ 6,991 47.1~ 6,671 44 6~
2030 52% 3,696 | 49.2% 46.8%
U.K. 1990 68% 255 609 58.1% 467 45.3%
2030
EU 1990 55% 2,542 4,780 46.8% 4,223 39.8%
2030
Canada | 2005 40~ 401~ | 703 ST 728 399
2030 @ 45% 438 42,9% 44.9%
Japan @ 2013  46% 760 1,300 41.5% 1,245 38.9%
2030
Korea | 2018 35% 473 656 27.9% 728 35%
2030

(Ministry of Environment, 2020)
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Low Protein and Methane Diet

> Excretion of excess protein that cannot be used by the body

is a problem
= Reduction of protein in pig and chicken feed
=> Reducing excess protein in feed alleviates feed costs as well as odor

» Nitrogen (N) discharged in manure is the cause of nitrous oxide (N,0)
=>» Causes global warming through various pathways
=> Approximately 310 times more potent than carbon dioxide (CO,)

» Development of feed for methane reduction in ruminants
= Attempt to reverse ruminant physiology
=> |t has been studied for a long time, but there are no tangible results

» An attempt has been made to develop a feed additive for methane
reduction with brown algae

Variation Table for Global Warming Potential

CV betwesn Index of Lifetimeinthe  Greenhouse

greanhouse gases global atmospheare effect PR
{eonversion factor) warming {year) coniribution(%) Emission source
Carbon dioxide | 1 5~ 65 | About BO% of g gas i g gas unit
(CO,) 200 When fossil fuels burn/ and plants photosynthesize
Methane 21 12.4 15 | Main compenent of LNG, found in food and livestock manure
(CHy)

Nitrous oxide 310 121 B of gen from agri al land and animal manure,
{N,0) (nitrogenous manure and protein excreted in animal manure)
Chlorofluoro 4,600~ 45~ Widely recognized as Freon gas, steadily decreasing since Montreal

Carbons (CFC) 10,200 100 Protocal (1989)
Hydrofluoro 11‘?'00 65~ Used as a refrigerant in refrigerators and air conditioners, as a
carbon 130 substitute for Freon gas
24 | U.s. and EU to reduce 85% by '35, developing countries to reduce B0%
(HFCs) by 45
Perfluoro 131,000 65~ Used for cleaning in the el ics and plating industri peciall
used for cleaning semiconductors
EaEuoRs (PFCS] 130 Japan's global market share is about 70%
Sulfur 23,900 3,200 Used in insulators for high-voltage power equipment, transformers, etc.
hexafluoride
(SF6)

(nationalecocredit.com)
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Characteristics of Nitrous Oxide (N,O)

m CO,, CH,, along with Nitrogen, are responsible for global warming
= Most dangerous with CO, : CH, : N,O =1 :30: 310 times
->» Global warming contribution CO,: CH, : N,O =65:15:6

m Uses of N,O
= Absorbs heat from the atmosphere and is used as an inhalation
anesthetic in surgery.
= Recently used as a fuel for rocket engines (low cost)

m N,O is a major contributor to global warming by destroying the
ozone layer

= Destroys the ozone layer, which blocks ultraviolet radiation at altitudes
of 25 to 30 km (stratosphere).

m Major source of N,O emissions
=> Nitrogen fertilizers (43%), crop cultivation, animal manure

=> Regulation of chemical fertilizers in Europe has reduced emissions by 21%

in the last 20 years

m N,O persists in the atmosphere for more than 120 years, with about
17 million tons produced annually and about 13.5 million tons
destroyed, a net increase of about 3.5 million tons per year

= Atmospheric concentration 270ppb in 1750 year, 331ppb in 2018

Greenhouse Gas Emissions from in Korea

Gut fermentation emissions in livestock

| [ o0 | 2ot | 2012 [ 2013 | ama | ams [ 20 | 2017 | zets | 2me
Caltle 3507| 3939 4046 4002| 4140 5360| 03945| 0893|4054 | 4164
Dairy cattie T.078 995 |  1.023| 1044 1080 1072| 1.083| 1022| 1008] 1004
Beef cattls 2820 2843 3023 2858 | 3051 2808 2803| 2875 3048| 3160
Sheep 05 05 05 03 03 03 02 0a| o2 03
Geat 7 % P 2 % a7 ) 36 | s 53
Horse 1" 1 " " 1 9 ] | 10 "
Pig a0s| 238 a300]  a18| 311 18|  azs|  asa  a3ss|  a3se
Deer &8 ¥ & 5 4 4 4 3 3 a
jToIaJ a:%3 | 4222 4,380 4363 | 4493 4339 | 438 | 4400 4471 | 4588

Emissions from livestock manure

[ [ 2010 [ 201 | 202 | 2m3 | 2004 | 205 [ 2016 | 2017 [ 208 [ ae |
Cattie 2533 2,522 2,615 2638) 2700 2510 2404] 2431 2516 2,579
[Dairy cattie ik 56|  674|  684|  701]  671]  635| 639 640 640
locofcatie | 1822 1896 | 1942| 1954 1999| 1838| 1788 1792 1878| 1,938 |
(Eheep 0.5‘ D.5I U5I U3I D:i DZI 0]: 03‘ D.]I 03
Soat 99| o7 e8| 6 | e8| 2| 115  134| 64|  1e7 |
Horse |:.'I |?I |?I !2‘ 12i ‘|E|I 1|]I 1C|‘I ||I 1
!F"i'g 1314] 1,014 1176 1,201 1.146) 1166 1.488| 1375 1400 1277
!Pu.l"l’)' 818 8-21 3?? 77-2 734 ' 780 773 700 829 822
[peer | 2| wm| 19| 7| 18] 1] 12 | 11
}ronax | 4803 4522 4676 4739 4707 | 4502 4504 | 4662 4936 | 4997

(Mational Greenhouse Gas Inventory Report, 2021)
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Sources of Nitrous Oxide (N,O)

N fertiliser and

NH;
Nitrous Oxide S
(Nz0)

Volatilisation

N2
fixation

=» The source of nitrous oxide is the unutilized protein
in the feed consumed by livestock

Production of Nitrous Oxide in Soil

N,O - Destruction of the ozone layer
+ Green-house gases

NH.+ [ NO.- Decrease the efficiency of N fertilizer
4 B 3 . Surface water eutrophication
* Ground water pollution

Nitrification in soil

» Microorganisms that can survive under extreme conditions
- Survive in environments with high salinity, hot springs, anaerobic
condition, and acidity

» It accounts 20% of Earth’s total biomass
- Ancient microorganisms (Lee et al., 2013)

10
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Sources of Supply and Sink of
Nitrous Oxide

ST R

GLOBAL N,0 BUDGET IS10]C)

ANTHAGPOGENIC SGURCES AATHRAL SAHCES

(million ton)

SR
|88 e 20

R T

135
12418 |8

@

Atmospheric
chemical sink

[Tian et al, Mature (2020)]

Changes in the Antarctic Ozone Layer

(Ozone Hole 2022, NASA)

1979 year 2009 year 2022 year

A major contributor to ozone depletion
= Freon gas in air conditioning refrigerants, sprays, etc.
> The Montreal Protocol of 1989 banned the use of Freon gas (CFC)
=>» Today, the international community has reduced CFC use by 99%

= Antarctica's ozone layer is not expected to return to 1980 levels
until 2066
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The Need for Low-Protein Feed for Pigs

v If pigs are fed an excess of crude protein in their diet
=» Excess protein is excreted through urine and feces
= It leads to odor complaints and eutrophication of river
=> Excessive CP in feed results in an increase in feed costs
- Increase in production cost of about 20~30 won/kg
when increasing CP by 2%
= Excessive N,0 accumulation in the soil and atmosphere
contributes to the destruction of the ozone layer

Excess nitrous oxide (N,0) accumulates in the soil
and atmosphere, leading to the destruction
of the ozone layer

NRC Pig Specification Standard (2012)

Nutrient requirements (energy, feed intake, amino acids) for
piglets and grower/finisher pigs

Body Weight Range (kg)

hem 57 71 11-25 25-50 S0-75 75-100 100-135
NE content of the dict (kcalkg* J4am 2448 2412 2475 2475 2475 3475
Effective DE content of diet (kcal/kgy* 1542 1542 1,490 3,402 1402 1402 1402
Effective ME content of dict ikcalkg 3,400 3400 1350 1,300 1,300 3,300 .30

Estimated effectve ME intake (kcaliday) i e, 4 013 4595 LR B.In0 EAETT
Estimated feed imtake + wastage (gfdayr 280 493 953 1,562 2229 2636 2933
Body weight gain (giday) o 15 585 758 Ll wu? R6T
Body protein deposition (giday ) — - — 128 147 141 112

Calcium and phosphorus (%)

Total calciun 085 [iE] 070 066 059 052 0.46
STTD phosphorus 045 040 033 0.3l 027 024 021
ATTD phosphoris 041 036 019 0.26 023 0.2l [N
Total phospharus 070 068 0,60 0.56 ns2 047 043

Amino acids*
Sremdandized ileal digestibie basis (% )

Arginine 0.68 061 o e T 033 0.28
Hintidine 052 D4 042 0w 029 0.25 02
Isoleucine 077 (1] a3 0.51 045 0 033
Leucine 150 135 1.23 ik ] 085 074 0.62
Lysine 150 135 1.23 195 .83 .73 .61
Wethionine .43 [TE] (.36 (1803 021 0.21 [ —
Tiemonine + cyseine [157) [IRE] LN (ES) [T 04t [
Phenylalanine EE (5] 072 nse nsl 0.44 03y
Phenylalanine + tyrosine 138 1% 14 092 (L1 [T 0nsg
Iheconine LEE 079 (.73 ] (.53 (046 i}.401
Tryptophan 0.25 0.2 0.20 [W§] 015 0.3 ol
Naling .95 (1] .78 (Ll (133 48 041
Total mitrogen 3.10 2580 156 zn (1] 161 137
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NRC Pig Specification Standard (2012)

Nutrient requirements of piglet, growing/finishing pigs (total AA, %)

Body Weight Range (kg)

Item 5-7 7-11 11-25 25-50 50-75 75-100 100-135
Arginine 075 068 0.62 0,50 044 038 032
Histidine 058 053 D48 039 034 0.30 025
Isoleucine .58 0.79 0.73 0.59 0.52 0.45 0.39
Leucine L 154 141 113 0.98 0.85 071
Lysine 1.70 1.53 1.40 112 0.97 .34 0.71
Methionine 049 .44 .40 D.32 0.28 0.25 0.21
Methionine + cysicine 056 0.87 0.9 .65 0.57 0,50 0.43
Phenylalanine 101 041 083 068 059 nsl 043
Phenylalanine + tyrosine 1.60 1.44 1.32 1.08 0.94 082 0.70
Threonine 1.05 0.95 (.87 0.72 .64 0.56 (149
Tryptophan 0.28 0.25 0.23 019 017 0.15 013
Valine L10 1.00 0.9] 0.75 0,65 0.57 (.49
Total nitrogen EX T in jn2 251 220 1.4 167

~ The amino acid content in the feed is important, but it is necessary
to accurately determine the feed intake in order to calculate the

amino acid intake

Korean Pig Specification Standard (2022)

Nutrient requirements (energy, feed intake, amino acids) for piglets

and growerl/finisher pigs

Body Weight (kg)

7-11 11-25 25-45 45-65 65-85 85-120
DE content (kcallkg) 3,542 3,490 3,402 3,402 3,402 3,402
ME content (kcal/kg) 3,400 3,350 3,300 3,300 3,300 3,300
NE content (kcallkg) 2,488 2,412 2,475 2,475 2475 2,475
Estimate feed intake (g/d) 475 906 1,442 1,852 2278 2673
AA requirement (%)
Lys 1.56 1.39 1.22 1.01 0.91 0.76
Met 0.47 0.42 0.37 0.30 0.27 0.23
Met + Cys 0.94 0.83 0.73 0.61 0.55 0.46
Thr 1.01 0.90 0.79 0.66 0.59 0.50
Trp 0.28 0.25 0.22 0.18 0.16 0.14
lle 0.94 0.83 0.73 0.61 0.55 0.46
Leu 1.56 1.39 122 1.01 0.91 0.76
Val 1.09 0.97 0.86 0.71 0.64 0.53
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Korean Pig Specification Standard (2022)

The total daily AA requirements for piglet, growing/finishing pigs (g/d)

Bady IWelght (kg)

7-11 11-25 25-45 4565 65-85 85-120
DE content (kcallkg) 3,542 3,490 3,402 3,402 3,402 3,402
ME content (kcal'kg) 3,400 3,350 3,300 3,300 3,300 3,300
NE content (kcallkg) 2,488 2,412 2,475 2,475 2,475 2,475
Estimate feed intake (g/d) 475 906 1,442 1,952 2,278 2,673
AA requirement (g/d)
Lys 7.41 12.6 17.62 19.81 20.71 20.38
Met 222 3.78 529 594 6.21 6.1
Met + Cys 4.45 756 10.57 11.88 12.43 12.23
Thr 482 8.19 11.46 12.87 13.46 13.25
e rTE—
Tip 133 2.27 317 356 373 3.67
lle 445 7.56 1057 11.88 12.43 12.23
Leu 7.41 12.60 17.62 19.61 20.71 20.35
Val 5.19 8.82 12.34 13.86 1450 14.26
“Phe 3.70 6.30 B.81 5.90 70.36 10.19
Phe + Tyr 7.04 11.97 16.74 18.81 19.68 19.36
His 237 4.03 5.64 6.34 6.63 6.52
Arg 3.1 529 7.40 8.32 8.70 B8.56

Carbon and Nitrogen Excretion in Pigs

eee &

©® & E-HE
@ ¢ intake: 705 g/day
(N} N intake: 48 g/day

Small intestine Large
- Feces
ecee @ 0] g “1©108g
eeee ® OOE@ v ®sa |
= Endogenous

Sweat
| ®2g

| Urine

20g
14g

(J@rgensen et al., 2013)

Carbon = About 18% of the intake is excreted from the body

(128/705g)

Nitrogen = About 54% of the intake is excreted from the body

(25/46g)
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Growth Performance of Pigs based on
Protein Content in the Feed

1.100
= Oipapefu at ol (208) 411 by
1,000 : = Porlejoie el ol [7004) 5877 ky
Zhao et al, @PO19) 2551 ky
00 Zhao et al. [2019) 5176 kg
— Zhao et al, (019) 76-103 kg
00 —fhao et al. (019] 103-122 ky
= ——Ball ot a1, (2013) 29-1
3 @3 kg
£ 00 —Gbmes el al, (2002] 3156 by
)
& —~Gimer et al, (F007) 56-87 kg
=
B 600 - Gimaz ot al, (2002] 33-59 by
£ —Pung et al, (2018) 14-34 kg
E
i =e=Shriver at al, (001 29116 kn
« Cing-mars et al, [1958) 5-15 ka
Hansen and Lewis [1993) 13-105 kg
an0 [ LSS L
Le Bellege and Nablet (2002) 12-27 ki
Canh ot al. (1998) 55-106 ki
00 e
_» — Jin et al, (1998 14-28 kg
= Lardela et al, (2000) 7 22 ky
00
¥ 1 13 15 17 1w # a

Crude proleln, % as-fed basia (Korean pig specification standard, 2022)

=» Higher protein in feed does not equal faster growth
< Growth performance of young animals increases with
the level of protein in the diet

Nitrogen Emissions in Pigs
based on Protein Content in the Diet

~Portejole at al (2004) 54-54 kg
= Lynch et 8, (2007) 74-9¢ kg
~ O'Connell et al, (2004] B1-66 kg
Zhaa e al, OT9) 25-50 kg
= Zhaa et al, (2019) 50-77 kg
= &hao et al, (Z019) 77-10 kg
~e=Fhaio el al, (2019) 102-122 ky
—-Hall ot al, (2013) 39-45 kg
~Ball et al. (2013} 39-45 kg
= Shriver el al, (2003} 79-114 kg
——Harr of al, (1995) 22-2% kg
~-Kerr et al. (1995) 22-25 ko
- Canh ot al. (1998} 55-104 kg
; ¥alaja and Sljander-Rasi [1774) 34-62 kg
Y i Valaja and Sijander-Rasi [1798) 34-02 kg
4 Low and Kim (2015) 59-48 kg
40 4 Hernindez ot al. (2011) 35-50 kg
= Hernandez el al. (2011) 35°50 kg
= Lordelo of al (2008] 7-9 kg
T ™ ™ ™ T ™ = Lordelo ef al. (2008) 18-22 kg
¥ " 13 15 7 L o 23 o Do et al, (2003) 45-57 kg
Crude protein, % o5-fed basis

m

Total mitrogen excretion, %

(Korean pig specification standard, 2022)

= Nitrogen excretion in manure increases dramatically with
higher protein content in feed

= For every 1% increase in protein in feed, ammonia
emissions in manure increase by about 10%
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Carbon and Nitrogen Excretion in Chickens

rwrru-.la:\\
Undigested N\

IntestineSUric aci
i— pH, HO,
Microbes
NH, ¢/ %
(Kong, 2020)

=> Undigested protein and uric acid are excreted out of the body

= Increased production of ammonia (NH,), which is a source
of nitrous oxide (N,O)

Growth Performance of Broiler
according to Protein Content in Feed

é .—r""‘-'_'_‘la-——-_.
=
- e o
o gs— o
3 e *—e i
-—o—o—=
A0

(Broiler Raising Specification in Korea, 2022)

= Higher protein content in chicken feed does not
increase broiler growth
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Nitrogen Emissions of Chickens based
on Protein Content in feed

Nitrogen Excreta, g/kg DM

CP, %

(Broiler Raising Specification in Korea, 2022)

=> Nitrogen excreted in urine increases dramatically with
increasing protein content in the feed

= Ammonia emissions increase by about 10% for every
1% increase in protein in the feed

Crude Protein (CP) Content in Pig Feed

€ No indication of CP in EU, US and Korean specification standards

4 In Korea, CP content was set as a minimum until November 2016
= Feed companies have been competitively raising dietary CP

=» Mandatory reduction of 1-3% from July 2022
4 CP in domestic pig feed is still about 2-4% higher than in the EU

€ Recently, feeds have been formulated based on total amino acid

content and SID amino acid requirement rather than CP
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Changes in Allowable Protein Content
in Domestic Pig Feeds

Nutrient range for registration of swine feed, Left: Before 2016, Right: After 2012.12.01.

istration ; \ Registration
Mo Name Usage e e No Name Usage Wi Mo ()
Creep 7
" . g{rgf%ﬂ] Bl sl 1 ESNE) Before weaning P, 23% Max
3q
5| Starter BW Skg ~ of 2 (O‘\gﬁ”ﬂm BW Tkg ~ 11kg CP, 21% Max
(EHHHX]) | after weaning ~ 20kg St;'neLr
3 Eag\:ﬁgmp\;@ig“ BW 20k~ 50kg 3 OlSE 37 BW 11kg~25kg LF, 20% Max
s 4| QMg | gy gy P, 19% M
4 |Late growing | gy soig- aokg 2HE 1) - e,
(=8 E,'c"'?‘) Late growing
5 [Early finishing| BW 50kg or P 5 (@HE =7 BW 45kg ~65kg (P, 18% Max
(MIRE) _|80ky~Before market 15d| . | Ash, Eary finishing Fat, } + A%h
6 |Late ﬁmShmmiBefore market 15 d ~ Marl Ca: Fiber, 6 Bl2E 7] BW 65kg ~85kg Ea‘ P, 17% Max Ei er,
e ket Lys P | later finishing y ¥s
Hg=2s) H2E 3] BW 85kg ~ Market| P, 16% Max
7 Boar
sagagy)  OW25kg - Boar 8w A_?g’% =) | BW 25k - Boar P, 14% Max
8 Gilt BW 25kg ~ Gilt BW 25kg ~
HAgolelT])  before gestation 9 (wum 9s) | before gestation P, 16% Max
9| Gestation . i
@) Gestation 10 (gegag?;) Gestation P, 16% Max
10| Lactation 2 Lactation :
(ELET) Lactation | 1 =g 5 Lactation CP, 20% Max

(Korea feed act. MAFRA. 2016)

Changes in Allowable Protein Content

in Domestic Pig Feeds
(control of livestock feed act, 2022. 7.1)

ooy 7N =(2h
Y H MU BE | EEYUE WE | MNSEUEs | SEHE H 1
Qo= oL o i CRUE
1 x
T T [ 230% | mgxE | -oig =7 ;0%1{; A%
O|FEH? | T-1ikg | 21%08} i
& Olg %7 =
UIREE?| 11-~25kg 20%015} O1FE I~“25kg ! 18%0]5} A%
SHEW 25-.45k, 19%0]3}
B = | guE 25-65kg | 16%015 | az-3%
SHEHY 45-65kg 18%015}
HlgEH7| 65--85k 179%018} - g i
Ry ,9 s H|FE 65kg~E5t, | 14%015F | n2~3%
&S] | 85kg- &6k 162018}
MAaESE | 25kg0) 4 149018} AHIAL R SIS -
Magne 25kqg0| & 16%0[5t | HAlgRE 25kt et 159015} a1%
HumE el 169013} e duE 13%015} ~3%
EROE ERE 20%0|8} ERE ERE 199018} A1%

(MAFRA, 2022)
Purpose of revising feed act
= Reduction of pig feed costs, reduction of odor due to reduction of
NH, reduction of greenhouse gas (N,O)
= However, Incorporation of growth stage classification is highly
inappropriate
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Comparison of the Protein Content
in Pig Feed in Denmark and Finland

Korea Denmark Finland Compare to
Korea
Stage Body Weight | Protein Contents CP in Feed CP in Feed CPin Feed
Creep Before 23%, Max Wheat bran 14.41% -8.6%
weaning
Weaner 7~11kg 21%, Max 15.8% 13.06% -5~8%
Starter 11~25kg 20%, Max 16.23% -3.7%
Early growing 25~45kg 19%, Max 15.34% 15.5% -3.5%
Late growing 45~B5kg 18%, Max -
Early finishing 65~85kg 17%, Max 14.61% 12.33% -2.4~4.7%
Late finishing | 85kg~market 16%, Max it

Boar =25kg 14%, Max .

Gilt >25kg 16%, Max 13.01% -3%
Gestation Gestation 16%, Max - 11.20% -4.8%
Lactation Lactation 20%, Max - 13.48% -6.5%

(Kim, 2022)

AA Content in Pig Feed
in Denmark and Finland

Pig Feed in EU AA contents (%)

Stage Body Weight CP (%) Lys Met Thr Val
Creep Before weaning 14.41 1.2097 0.5260 0.9732 1.0220
Weaner 7~11kg 15.80 1.1354 | 0.3861 0.7954 0.9849
Starter 11~25kg 16.23 1.2515 0.3834 0.8698 0.9078
Early growing 25~45kg 15.34 0.9083 0.3426 0.4835 0.7020
Late growing 45~65kg 15.03 0.7078 0.2230 0.5638 06117
Growing 25~65kg 14 67 0.8278 0.2661 0.6662 0.7057
Finishing 65~120kg 13.47 0.8085 0.2357 0.6676 0.6866
Gilt >25kg 13.01 0.6685 0.2521 0.6003 0.6998
Gestation Gestation 11.20 0.5074 0.2015 0.4836 0.5822
Lactation Lactation 13.48 0.8492 | 0.2793 0.7121 0.7247

- The low protein level of gestating sow feed is due to the ~ (Kim. 2022)
fact that because the amount of feed is higher than in Korea
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Examples of CP and AA Content

in Domestic Pig Feed

Feed for Different Growth AA contents (%)
Stages of Pigs
Stage Body Weight | CP (%) Lys Met The | Val
Milk replacer <7 kg 20.45 1.434 1.021 1.369 1.578
Weaner 7~11kg 18.67 1.079 | 0470 0933 | 0907
Pre-starter 1~16kg 18.44 1.031 0.503 0.969 0.946
Starter 6~25kg 16.91 0.949 0.302 0.777 | 0.827
Early growing 25~45kg 14.42 0.851 0.354 0.820 I 0.785
Late growing 45~65kg 14.01 0.733 0.337 0.820 | 0.739
Early finishing 65~85kg 13.51 0.650 0.297 0.639 . 0.638
Late finishing = 85~120kg 13.97 0.660 0.312 0.678 ! 0.638
Gestation Gestation 1212 0.630 0.170 0.501 0.530
Lactation Lactation 15,49 0.721 0.120 0.565 | 0.655
(Klim, 2023)

Does Nutrient Content in Pig Feed Matter ?

» How much difference does feed intake per head make?

~ What is the quality of the raw feed? New vs. old songs?

» How much to feed gestating sows?

=>» European sows are much heavier and culled earlier

» Farmers would be wise to calculate the total intake of
each nutrient based on the pig's feed intake

» If the lysine content in the feed is 0.75% and the daily
feed intake is 2.7 kg per day

=>» Total lysine intake is 20.25g/d (7.5 g x 2.7 = 20.25 g/d)
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Feed Analysis Results of the
Korea Pork Producers Association (23.1.16)

» Announcing the start of feed quality inspection by producer
organizations

» It is expected to be an opportunity for complex feed names
to be changed to scientific names in Korea
=>» nursery, weanling, bridge, transition feed...

» We need to use scientific and legal feed terms
= Creep, early weaning, late weaning, early growing, late growing,
early finishing and late finishing

» What is the controversial nursery feed?
=>» Domestic pig farms often raise fattening pigs with nursery feed
= The actual analyzed specification of nursery pig feed is close to
the specification of fattening pig feed
= Farmers mostly request feed companies to supply nursery pig feed

» Early and late finishing feed account for about 6%
of total feed sales in Korea

Conclusion

» Reducing 2% of protein in pig feed can save
= Feed cost by 20~30 won/kg
=>» Difference of feed price for early growing and early finishing is
about 30~40 won/kg when feeding by phase feeding

» Excessive protein content in feed is not related to livestock growth
= Content of amino acids in feed, relative ratio among amino acids is important

» The excess protein content in domestic pig feed,
should be systematically reduced

> Reducing excess protein in livestock feeds
= Reducing NH; emissions from manure
=> 1% reduction in CP in feed reduces NH; by 110%, preventing odor complaints
= Reducing nitrous oxide (N,0) as a global warming factor
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Sustainable feed formulation for poultry

Overview

Sustainable poultry production requires the industry to remain economically viable while implementing
environmentally friendly and socially responsible practices throughout the entire poultry production
system, which includes breeding, rearing, feed management, waste management, and animal welfare. The
definition of sustainable systems are ones which “meet the needs of the current generation without
compromising the ability of future generations to meet their own needs”.

There is now an overarching imperative for sustainability, given by the global net-zero emissions
target. The momentum to curb temperature rises and cut harmful greenhouse gas (GHG) emissions is
strong, with more than 70 countries - representing more than % of global emissions - committing to net
zero by 2050. Agriculture accounts for 18.4% of GHG emissions, of which poultry production
contributes a small proportion, estimated to be around 9% of total sector emissions (1.66% of global
emissions in 2018, according to the United Nations). This includes: livestock emissions from crop
production for feed, land use, manure management, water usage, meat or egg processing, and energy use
along the chain. Of course, emissions are not uniform across countries, regions and locations as there are
numerous influencing factors such as production systems, management practices, dominant animal protein
sources and overall economic development.

Kleyn and Ciacciariello (2023) aptly summarised the four key elements of sustainability for the poultry
industry termed the “4E’s of sustainability”. Environmental, Ethical, Economic and Enactment. All four
elements have a strong relationship with feed. This is because feed accounts for 60 — 80% of production
costs for poultry. Thus, the sustainability of poultry production can never be achieved if the role of
nutrition is not properly considered.

Some key aspects for these four “E’s” are unpacked below to briefly illustrate the role of feed and
nutrition in sustainability for the poultry industry. Some principles should be applicable to other animal

industries as well.

The 4 E’s of sustainability

Environmental Impact

Poultry production has a low carbon footprint (Our World in Data, 2023). However, carbon footprint
is only one of many elements that determine sustainability. Sustainable practices for poultry production
include reducing water and energy consumption, mitigating greenhouse gas emissions, managing and
recycling waste effectively, and reducing pollution and nutrient runoff. So how feed formulation and
nutrition play a role in the environmental impact of poultry production?

Proper feed formulation relies on an accurate nutrient database and a good knowledge of the animal
for which the feed is intended. A well-balanced diet will provide all the necessary nutrients to the bird

to convert feed efficiently. Today, a broiler chicken fed a balanced diet under a reasonable husbandry
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condition is expected to exceed a body weight of 2,650g with a total feed intake of 4,055g or less, i.e.,
a feed conversion ratio (FCR) at around 1.53. If this is improved by 3-conversion points, i.e., reducing
the FCR from 1.53 to 1.50 (or approximately a 2% improvement), it will save 80g of feed per bird.
Which for a poultry company producing a million birds per week means 80 tonnes of feed saved per
week or 4,160 tonnes of feed saved per year. Because it produces the same amount of meat but uses
less feed, it represents less land used to grow the feed crops, less energy required to transport the feed,
less electricity consumed to produce the feed. More importantly, it means 4,160 tonnes less excreta dry
matter end up in the environment.

Kim et al. (2021) quantified and characterised the undigested components in the excreta of broiler
chickens fed a commercial standard diet. The chickens were healthy and performed above the breed
standard in their study. It revealed that at day 12, 34.3% of a wheat-based diet and 35.2% of corn-soy
diet were undigested and at day 35, 32.0% of the wheat-based diet and 31.5% of the corn-soy diet were
undigested, only around 3 percentage point improvement in digestion between day 12 and day 35.
Approximately 50% of the organic matter in the undigested components consisted of non-starch
polysaccharides and lignin (the two constituents of fibre in feed). This suggests that nutrition science has
much to offer in increasing the utilisation of fibre in feed via a myriad of possible routes such as the

use of enzymes, processing technologies and physicochemical treatments.

Ethical production of food

Ethical production of animal proteins requires that the animals are raised without damaging the
environment, given feed that has no harm to human health or the ecosystem, and are managed in a
welfare friendly manner. Feed formulation must incorporate an increasing level of novel raw materials
such as algae, single cell proteins and insects; certain by-products not used as human food, and waste
streams from food services, milling industries, primary industries and manufacturing. In Australia, food
wastes account for 5% of greenhouse gas emissions (Arcadis, 2019). Uwizeye et al. (2019) estimated
that feeding food wastes to commercial pigs grown worldwide would increase nitrogen use efficiency,
reduce nitrogen losses, and achieve savings of 31 million tonnes of soybean and 20 million tonnes of
grain, which represents an equivalent of 16 million hectares of land use.

All nutrients are required for one purpose or another in the animal, be it carbohydrates for energy;
proteins for provision of amino acids for growth and body functions; or minerals for skeletal
development and components of metal-containing proteins and hormones. In theory, any deficiency -
however small that is - can affect health and hence welfare of the animal (McDonald et al., 2011).
Thus, the role of feed formulation in animal welfare is immense because adequate nutrition is essential
for the health of animals, and hence their welfare. There are numerous examples that show the
inseparable link between nutrition, health and welfare in animals. One of the obvious examples is, an
imbalance of minerals can lead to wet droppings in poultry, leading to major welfare issues, like

increased incidence of breast blisters, hock burn and outbreaks of disease.
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Economic considerations

Sustainability in an economic sense is a complex question as it concerns the whole agricultural sector
or even a whole nation. Thus, only one example is given here to illustrate how economics, feed
formulation and animal welfare are interwoven in the poultry industry. Necrotic enteritis is the most
economically devastating disease for the broiler chicken industry and it is estimated to cost the global
industry around $6B per annum (Moore, 2016). Indeed, there is a clear link between the use of viscous
grains (rye, barley and wheat) and the outbreak of necrotic enteritis in broiler chickens (Kaldhusdal,
2000). Feed formulation that judicially uses feed additives, such as the use of enzymes to degrade the
soluble non-starch polysaccharides present in viscous grains, can ameliorate the economic impact of the
disease.

In addition, the interaction between genetics and nutrition is the key driver for productivity gain in the
poultry industry. Indeed, selecting and breeding poultry for improved productivity, disease resistance, and
resource efficiency contributes has been phenomenal over the past 60 years. In 1995, it would take 52
days for a broiler chicken to reach 2.3kg body weight with an FCR of 2.00. Today, it only takes 29
days to reach 2.3kg body weight with an FCR of 1.35. While genetic selection accounts for the main
proportion of this improvement, without feed formulations taking into account over twenty different
nutrients and energy, even the best genetics can not perform. Thus, sustainable poultry production will

need both genetic advancements and nutrition technologies.

Enactment of sustainable practices

Although the role of feed formulation in sustainability is one distinct practice that can be implemented,
it should not be considered in isolation. Advanced feed formulation will rely on precision nutrition,
which, in turn, will rely on accurate knowledge of the ingredients in terms of their chemical
composition, physical properties, physiological impacts and nutritional attributes. Furthermore, precision
nutrition considers the precise nutrient requirements of the animals and their responses under various
husbandry environments. Precision nutrition can enable a formulator to produce feed that minimises waste
and maximises feed efficiency, which, in turn, will reduce the environmental impact of poultry
production. Formulations can also be used to counter the impact of necrotic enteritis, leading to better
welfare outcomes and economic returns to the farmer.

Sustainable poultry production seeks to balance economic viability with environmental stewardship and
social responsibility. It aims to meet the growing global demand for poultry products while minimising
negative impacts on the environment, promoting animal welfare, and supporting the long-term
sustainability of the industry. However, enactment of sustainable practices is often hindered by conflicting
demands by society. For instance, the public is becoming discerning in choosing food that they consume.
This has translated into four major moves over the past twenty years. First is the removal of
antimicrobials from feed. Although it addresses the public demand on one hand, it has made poultry
production more susceptible to disease, leading to increased morbidity in animals. Second is transitioning
to a free range system. But the free range system uses more land, is less efficient and the animals are

more prone to diseases. Third is the use of all vegetable diets in some countries, leading to the
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exclusion of some high value by-products from feed formulation, which often end up as waste. Fourth is
a demand for organic products and the ban of GMO ingredients from animal feed. Organic production is
much more emissions intensive whereas GMO crops are high-yielding, water efficient and less reliant on
chemicals.

Therefore, enactment of sustainability practices is a societal responsibility and it requires visionary
leadership, global collaboration and a long term effort by everyone. Feed formulation is one of the
low-hanging fruits that can be deployed to ensure that poultry production meets specific sustainability

criteria and consumer expectations.
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Triumphs and troubles in trying to reduce
enteric methane from ruminants

Introduction

Methane (CH4) emissions are a focus of global action to reduce greenhouse gas (GHG) induced
climate change, with attention heightened since the signing of the Global Methane Pledge in 20@@.
Enteric CH4 from domestic ruminants is a small contributor overall to GHG emissions, and it has been
argued that as a biogenic (as opposed to anthropogenic) GHG source, this should be considered part of
‘background’ pre-existing emissions. Nevertheless, the short lifespan of CH4 in the atmosphere means that
if enteric CH,; emissions can be reduced, this could achieve a fast impact on climate change by
removing CH4 from the atmosphere, and offset historical anthropogenic emissions of longer life-span
GHGs.

Research to measure livestock CH4 emissions (and their inhibition) is not a new field, and we have
many tools at our disposal now to measure CH4 from ruminants, but all these tools have strengths and
weaknesses in their application. Significant research effort is currently being expended globally to develop
strategies to inhibit the production of enteric CHi, but even though in many cases the fundamental
science is not completely novel, very few strategies have yet been widely commercialised. This paper
discusses the state of these research, development and adoption pathways to reduce enteric CHs in

ruminant livestock industries.

Measuring methane

To provide high confidence data on the efficacy of methane inhibiting strategies, replicated research
trials are required. The gold standard method for measurement of methane is the fully-enclosed
respiration chamber, where total emissions from the measurement period are captured and analysed. Such
facilities are few on a global level (20 or fewer chambers for each species on each continent, and the
largest facility with 10 chambers), which limits the statistical power of research experiments, and
therefore the scale of inhibition which can be detected. Respiration chambers by design poorly replicate
production environments, in particular, grazing systems. Greater replication, measured in-field, can be
achieved with equipment such as Greenfeed Emissions Monitors™ (C-Lock, South Dakota) and
sulphur-hexafluoride (SF6) but these measurement systems also pose challenges in terms of scale,
accuracy, deployability, and replicability in many production settings. All in vivo methodologies are
expensive and challenging to implement at scale. Preliminary screening of potential CH, inhibitors thus
often relies on in vitro incubations of rumen fluid, but overall, there has been notable inconsistency
between in vivo and in vitro results, such that not only are promising in vitro results often not replicated

in vivo, but results showing little effect in vitro, in some cases demonstrate greater efficacy in vivo.
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Inhibiting enteric methane emissions

Research on strategies to inhibit enteric CH4 production fall into several mechanistic categories:
blockers of the enzymes catalysing reactions involved in methanogenesis (such as 3-nitrooxypropanol
(3-NOP) and bromoform (CHBr3)); alternative electron acceptors to compete with carbon for hydrogen
(also called alternative hydrogen sinks, such as oxygen); strategies targeting the ecology of the
microbiome and therefore its fermentation products (such as antimicrobials and probiotics, as well as
vaccination); and systems-based changes (such as changing dietary starch and lipid content; and genetic
selection) which may target a range of mechanistic traits.

In a review of 10 leading chemical groupings of methane-inhibiting feed additives, (Hegarty et al.,
2021) found that only two (3-NOP and Asparagopsis (red algae) have routinely been able to suppress
ruminant enteric CH4 production by more than 20 %. Certainly, these two are outstandingly effective,
with research at the University of New England demonstrating 98% abatement of CH, in cattle fed a
feedlot total mixed ration (TMR), supplemented with either product. Most other classes of these
feed-based inhibitors are unable to suppress CH4 by more than 10 %.

Almost all research into feed additives has been conducted by animals fed TMRs, where each
mouthful of CHs-generating feed also contains the bioactive inhibitor. To suppress CHs emissions from
grazing ruminants, feed additives must be able to be effective when provided intermittently, and yet not
only has almost no research been conducted to support such systems, but not a single feed additive
manufacturer currently considers grazing livestock an extremely high priority market (Hegarty et al.,
2021). In the absence of near-term solutions from feed additives, genetics and improvements to the
feedbase may play a role in reducing emissions from grazing livestock, yet both have significant

impediments to adoption and achievement of CH, inhibition.

Achieving reduced livestock carbon footprints

All feed additive strategies will come at a cost, and so, in the absence of emissions penalties (such as
a carbon tax or tariff) a productivity co-benefit will need to be established to support the business case
for widespread adoption. There is insufficient evidence as yet that any CHy-suppressing feed additive is
able to consistently increase livestock productivity. Where there are indications of co-benefits, this is
mostly no more than 5 % of current productivity. To statistically detect this level of improvement, very
large in vivo trials are required, with 15 or more replications per treatment. However, without a strong
body of evidence, adoption of producers may be very limited.

Genetic selection of low CHs-emitting animals is the only strategy which is applicable across all
production systems (Hegarty et al., 2022). The rate of genetic change in CH4 emissions is slow, likely <
1 % per annum, but is permanent if selection pressure is maintained. As for feed additives, the value of
selection for low CHy-livestock, and the correlation with other productive traits, will need to be defined
before adoption will be widespread.

Diets containing more water-soluble carbohydrates and starch are known strategies to reduce yield of

CH, per kg of feed intake. Improvements to the feedbase to improve productivity are thus attractive

- 48 -



strategies that potentially offer a win-win outcome of reduced CH4 yield and improved production
efficiency. This puts pressure from two axes on CH, intensity (g of CHskg of animal product). Yet
because daily intake tends to rise as diets become more digestible, this can cause CH; production
(kg/animal.day) to rise. A system of policy incentives needs to be put in place if farmers to encourage
farmers to not respond to increased production efficiency by raising more stock, and thereby increasing

total CH,4 emissions.

Conclusion

Despite intense research focus in recent years, the R&D pathway to widespread adoption of strategies
to inhibit enteric CHy is still in its infancy. Significant further research is required to find new CHy
inhibiting feed additive products, to develop selection indices for low CHy livestock and to demonstrate
the business case for adoption of these strategies. However, if farmers can adopt a combination of
improved production efficiency, lower genetic CH, production, and inhibited CH4 production by feed
additives; and, especially in grazing systems, promote landscape carbon sequestration; then livestock

systems have the potential to not only reach carbon neutrality, but become carbon negative.
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introduction

< Research background

Climate change is the most critical issue in the worlds

m Global coalition for net-zero emissions is growing.

= Toavoid the worst outcome of climate change, the world needs to limit
globaltemperature rise to 1.5°C and achieve net zero emissions by 2050.
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= One of the biggest factors for climate change is the food industry.

m Foodindustry contributes around a quarter of the gas emissions.

- 56 -



General introduction

< Research background

Wasting food comprise a large proportion

in the food industry's greenhouse gas emissions.
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1/3 of all food is wasted before it is consumed by people.

m Wasting food also have negative affect on food security.

= Food security is a basic human right that allows access to at least
an adequate amount of nutritious food.

lgbillion

tons of food
per year

m Toavoid climate changes & insure food security,
g world food waste must be reduced.

General introduction

< Research background

Cause of food waste

Food spoilage due to spoilage microorganism

Food borne-pathogens

Consumer non-preferred food

= Improving BELEEE LY

can reduce food waste and ensure food security.
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[
-

[

ng a Em
26 bc E?ﬂa
"’4. q © 4 h
81 [=2] 19
PR g gzjl.-d._
04 0

015@4560 0 1 2 3

Treatment ime (sec)

Cheese

Leg CFUIg
=N S RPN P ==

o [&] 0 T T4 T3 s

Treatment tme (min) Duration ime (min)
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2. ENCAPSULATED TYPE PLASMA

« Synergistic bactericidal effect

0W, 15Kz
Pawered
Diclectric layer  Slectrode

= - Low concentration of clove oil Atmospheric pressure plasma

QZC%

< Application cost « Cannot completely controlling

+ Strong flavor foodbome pathogens in foods
. Potentalfor toriciy @

Increasing the Bactericidal Effect

KAIST

Yoo etal. (2021). Food Microbiology

Research |

2. ENCAPSULATED TYPE PLASMA

« Synergistic bactericidal effect

Clove oil + EAP

Control Clove oil

Escherichia coli 0157:HT
M"L LI

o~ Gram-negative
LI bacteria

‘
“.o-:

*q’@’c,
B v Dgbe s @2

- The bactericidal effect of APP was higher on gram negative bacteria.

KAIST

Yoo etal. (2021). Food Microbiology
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3. PACKAGED TYPE PLASMA

= Flexible thin-layer dielectric barrier discharge plasma

Plasma off
Pasteurization Packing Onsale

- (%) I8 (&)

Plasmaon
Pasteurization + Packing Onsale

<) LB <)

Leeetal. (2016). Food scienceand bictechnology
KA'ST Yong et al. (2015). Food Research International

General introduction Research | Resec Overall conclusion

7 - Fig. Salmonella mutagenicity assay
B E. coli O16T:H7
® S Typhimurium .+ Dose Number of revertant colonies [His+)* per plate
62 L. monocytogenes Rl ::'09"?""1 TASS (S5 TASB(+SE) TAT0D(S9) TAI0O (+59)
=] a / b : +7 krad + 58
2 : T h
S 57 ;ff% b % ,, Chicken 5000 M3 Med A6l M2
§1 ;::% b % w breasts 1250 mE5 W] M7EN0 350434
4 % :::g o % 4 % R 10 2500 f7:2 BE 05N 3840
/ : / / | % ,// . 5,000 2145 3418 2£40 358131
:::% :::% - % :_:% & % Negate gt W3 WS AU 356225
NGO 05 1083214
b 25 5 15 10 e 2 -
; : contel g 05 R
Treatment time (min) T P
Fig. Pathogen counts (Log CFUIg) ooy -t

Leeetal. (2018). Food science and biotechnology
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3. PACKAGED TYPE PLASMA

Y Table. Surface color of chicken breast
Y
a3 g 03
Eﬁ g Tregmont Color values
= TE g i time (min) 4 b
g
¢ B 8 BN 0 5578¢  -0.21° B4
Treatmenttime (min) . s ’
Fig.. Lipid oxidation values of chicken breast 25 59.62¢ 493 683t
Table. Texture profile of chicken breast 5 64.61° 2 896 8008
Treatmentti  Hard- Adhesive- Spring- Chiiiness
i) roul e " 15 7422 305 943
0 14.38 31.02 0.7 118
5 13.58 -36.92 0.17 1.23 10 8218 T -1.31% é 1479 F
10 17.13 29.26 073 176 )
SEM 2,508 10.351 0.035  0.281 SEM 1.400 0.695 1617

Leeetal (2018). Food scienceand biotechnology

General introduction Research | Resec Overall conclusion

3. PACKAGED TYPE PLASMA

Table. Surface color of pork and beef

Treatment  Porkbutt Beefloin o
time (min) g b = b m  Microbial safety of raw meat can be
0 8ATA 1345 13.86¢  13.008 improved by APP system with
25 769" 1439 12928 13,8078 minimal changes in color
5 5428 13.85 118278 1347% properties.
18 SIEE AT 9.78%  1463¢ m Elucidation of the interaction of

B C A
0 8 13 678 1628 APP treatmentwith the meat color
SEM® 0.74 1.04 112 0.93

is highly required.
Frohling et al. (2012) also reported a green coloring
effectin fresh pork due to plasma treatment.

Jayasena et al. (2015) Food Microbiology
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Elucidation of discoloration

of myoglobin induced by
atmospheric pressure plasma

Yong et el. (2018) Scientific Reports

Research Il Research Il

* Primary factor for consumers’ purchase decision.

« |n the USA, 15% of retail beef is discounted or wasted due to discoloration.

Major contribution of meat color

} Globin protein Myoglobin
Globin protein

- + Protoporphyrin IX
s +Iron

|_'_J
‘:: i
R
] ]
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Myoglobin in phosphate buffer

:

Fig. . Circular dichroism spectra Fig. Electrospray ionization-mass

f N wona | E‘N ?_ .
wl : | 3 b 2

Omin Smin 10 min 20 min H , ;].‘ ] E ® e B I

— g Dot et 0 5 0w o 5 1002

Myoglobin in DW T e AP treatment time (mi) APP treatment time (min)
= Fig. An emission spectrum of the Fig. Nitrite concentration of myoglobin solution
m | APP discharge
(1) NO+ 0y 2NO; (4) HNO, — NO;+ H*
2)  NO+NO,+ H;0 — 2HNO, (5) HNOy — NOj—+H*
Omin 5min 10min 20 min L (3) NO; + NO; + H,0 — HNO, + HNO, (5) 3N01_+ H*+ Hlol — N03'+ 2NO + H30+

=» Deoxymyoglobin was changed to nitromyoglobin by APP treatment

- green color

Research I

or

HO Ho
N N- N N~ N N
\F., » w‘\ » e
- ~
N " N N N N

Absorbance

48 500 5‘20 B0 S0 580 600 0 5110
Wavelength (nm)

terersuseans Myog]obm

Myoglobin added with 0.5% sodium dithionite

Myoglobin added with 0.5% sodium dithionite
and which treated with APP for 20 min

=>» Combination treatments of reductase and APP can makes nitrosomyoglobin,

- red color
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Conclusion
FERIT ) o, N re—— i n
NO, -

oy NOY APP v
Matmyoglobin
NO;
Strong Sodium

Reduci i —
p,'n;;';g dithionite =T
Red calor

v" These findings can be accelerate the application of APP in the industry by

minimizing undesirable quality changes.

v" Present study suggested the possibility that APP could be

used as an nitrite source in meat product.

Research Il

Color development & safety of meat products
manufactured with atmospheric pressure plasma

KFE tomasess  KAIST Bamemes

st o Sencs s

- 70 -



Research Il

Recently consumers have started to pay greater
attention to what is in their food, where it comes
from and how it is made.

(8 F o8 b o SR L

Even though the use of food additives is strictly
standardized and legally regulated, consumers do
not want to be exposed to additives that have

potential risk such as carcinogens.

IR . Pef<aa—§
This phenomenonis called

“Gleam lebal trend

Research Il

Food additives in meat products
Microbiological safety Color
+-Clostridium botulinum Nitrosylmyoglobin—
¥ Listeria monocytogenes Nitrosomyochromogen

e, ] (Pink-color) \gé
- % "3 / s

Flavor Antioxidant

Improving the flavor Reducing lipid oxidation

Essential food additive for cured meat product

I \|

= Consumers do not want synthetic- % \CURED BEEF FRAN

additive including synthetic-nitrite. . i )| NO NITRATES 2 |
N

£S ADDED;
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Fig, Effect of ascorbic acid addition and for
APP treatment on the pork calor.
{2) Control

« Pork without any processing

{b) APP
« Pork was treated with APP for 20 min

{c) Ascorbic acid
- Pork was immersed in 0 5% aacorbic acid solution for 10 min

{d) Ascorbic acid with APP
- Pork was immersed in 0.5% ascorbic acid solution for 10 min,
then the salution was removed and treated with AP for 20 min

AN

g 7
Sg 6 8 _
g 3 ‘g’,
=4 33
5 3 [
& 0 20 40 60 Sodum

Control Sodium  APP for nitrite a 20 40 60  Sodium

nitdte 60 min —_— ———— nitiite
APP treatment tme (min) APP frealment tme (min)
Yong et al. (2019) Innovative Food Science and Emerging Technologies 15

Research lll

S iccro

s ¥ 7
: Eectrode Distectic
Sem
|| Ambientair
el W '

Plasma-treated water (PTW)

Distactric dish

JOVANCED, Serehrent » o . Cuamary Sy =, postam Table. Salmonella mutagenicity assay

Humber of revertant colonies (His+)
o

Dose.
i . (ugiplate] TASE(- TAS TAI0(- TAID

59 (+59) 58) (+59)

e WiT BEs WM A
sotum mar wEe AN wWEE
—— . Me3 306 MEiM sead

15860 24 x4 ELEL I RS
3,000 3316 2+3 1485 456450

188 %45 289 203485 22419

s 24112 34 715 Nerer
PTW 750 024 31 38472 N

1,500 1926 2828 W26 826

3,000 013 Firtd 332409 MEx13 i
— 2 Dal  Mim e The loin ham manufactured
controld EtOH iy FiEd 24213 225

4NOO 1108422 g
N s using PTW showed no
contrel!  SA 902456

an 2azasnos geno-toxicity by Ames test.

TWalues are the mean = SO [P<0.05)
OW, Distilled water; 4-NQO, & nitroquineline-1-oxide; SA, sadium
azide; 2-AA, 2-amincanthracens.

Yong et al. (2018) Plasma Processes and Polymers 36
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Research Il

Sem
.|| Ambient atr

S0
=

i

|

Plasma-treated water (PTW)

YNT,

Celery Sodium
Contrel i
PTW powder nitrite
Table. TNF-u levels (mg/mL) in Balb/c mice
Acute Sub-acute Chronic
Treatment toxicity toxicity toxicity
test (1 day) test (1 week) Test (4 week)
Control* 45T 0.000 26,000
FTW 533 933 24000
Sodlum nitrite 400> 0000 24600
LB, 12803 12803 12803
(1ugimouse) : ; :
SEMN 52750 52808 52737
“Control, FTW, lodder.
Sodumpirte

"Standarderror ofthe means (1212}

Jungetal (2015) Meal Science

Fig. Peyer's patches in Balb/c mice

There was no toxicity
while observing the serum tumor necrosis
factor (TNF)-a levels, small intestine
length, and the number of Peyer’s patches
in the small intestine.

Control

PTW

Sodium
nitrite

Overall conclusion

Application of APP - Meat & meat products Q QJ J

@ Biological
safety

Inactivation of microorganisms

safety

IS

@ Chemical

Substitution of synthetic additives
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General introduction Research | Research Il Research Il Overall conclusion

APP is a promising technology for use in the
meat and meat product industry as a non-
thermal pasteurization and other technical

advantages such as alternative curing method.

THANK YOU

Yong, Hae In
vonghaein@cnu.ac.kr

“~aKSAST
(Ahgizasiels|

- 74 -




A9 A8 FF A% Fed FE AL
Precision Feeding and Sustainable
Swine Production

e I
Jang, Jae-Cheol
(B=3ithietn)

(Gyeongsang National University)

> 2022~3A]
> 2017~2022
> 2016~2017
> 2012~2016
> 2010~2012
> 2002~2010

BAFYUSL SALE 204

0] Minnesota University =G st A4 gAte A
GFPSEAG T B4 27

Agtieta digted SEJTESFT AL

Mgk et SRSt Ax

Zesty SEAYHE T B3







Precision feeding and sustainable swine production

Jang JC'? Lee Esther', Koo SM', Shin HC', and Oh SH'?
'Division of Animal Science, Gyeongsang National University, Jinju 52725, Korea

*Agri- Food Bio Convergence Institute, Gyeongsang National University, Jinju 52725, Korea

The livestock industry faces several challenges, such as increasing production costs, managing livestock
wastes, increasing demand for producing functional additives from producers, developing biosecurity,
ensuring animal welfare, and preparing for the impacts of climate change. To cope with these risks,
there is a wide scope to improve livestock sector practices so that they are more sustainable, and
equitable. Sustainable swine production (SSP) is the effective and efficient rearing of livestock with
neutral socio-economic and environmental outcomes. The objective of SSP is to 1) reduce greenhouse
gas emissions, 2) maintain biodiversity, 3) provide ecosystem services, 4) improve nutrient cycling, and
5) increase soil carbon sequestration. Animal feed is a major component of the environmental
sustainability of livestock production systems. Specifically, nitrogen (N) emissions from pork production
systems have several detrimental environmental consequences, because of the low efficiency of converting
dietary protein into carcass lean and the high environmental impact of various types of N losses. Major
advancements in the development and use of accurate feed formulation approaches and precision feeding
technologies can greatly enhance profitability, the efficiency of energy, and nutrient utilization to achieve
sustainable production of high-quality and safe pork while minimizing negative environmental impacts.
Life cycle assessment (LCA) of environmental impacts of food production systems has become a widely
accepted reference method for guiding decisions and transitioning toward more globally sustainable food
production and consumption patterns. Formulating diets multi-objectively (use of eco-friendly, and local
feed ingredient) represents an efficient way to reduce the environmental impacts of pig production
without compromising animal performance. Therefore, future swine feeding programs must be designed
not only least-cost basis, but they must also minimize the environmental footprint of pork production by

adopting multi-objective feed formulation in combination with precision nutrition practices.

Keywords: livestock industry, multi-objective feed formulation, nitrogen emission, precision swine

nutrition, sustainable swine production
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Development of functional feed materials to
improve intestinal barrier functions and to
reduce stress of broiler chickens raised
under heat stress and high stocking density

hungbuk National Universi
Jong Hyuk Kim
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Intestinal
Epithelial cells

FH w\?P{aiu“

(-_--
@

Dendritic cell
- naRanen nananacaIninntn J00n6an
VAL | 110 1 (1) 1| I
[”I‘wl‘ [ '-LIk'\.-“v'ikl.(J(,*-LUUIHJT‘JL!JLL Uk;‘udlj UL;L‘LJ'.J\\ :l
\ o 'Jl J =% |
| e A
= .'Ef?”q: l
Vi AV | | &=
‘ S0 whe |
N ) e/ . ) \S’/ | 99
7 G g ~/
) a P )

AEY A oMol SH BL

Neormal tight junction

Leaky, and inflammation

Uk 28t 9|

Eﬁ-‘ﬁ (=]

|
ot

=l
=

=

Crefet 7|

538 A=

- 86 -




JIsd Mg &3

OHOl =&t

- EYQU: BA MM EHu o}

. EYEm MEEY ¥ waEY 33 $

- SE0IAL YO, SREHIS -

HIELS!
HIERD A: © 2 J|5s oAt \

- DIEHY C: SR B} Ta E
HIEFD! E: 2tARS} it  —

i[EE;

= 3J&: dad 24 u 30
Y5 Mot B Cr Se Zn
Ofed: 2ot 2ot sow | @ o

Effects of functional nutrients on
chicken intestinal epithelial cells
induced with oxidative stress
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Materials and Methods

= Primary cell isolation

Materials and Methods

= Primary cell morphology
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Materials and Methods

» Experimental design

Basal DMEM + 10% FBS + 1% Insulin + 1% Penicilin / Streptomicin
H,0, - + + + + + + + + + +
Supplement - - Thr Trp Gly it Vit Vit . e cr

C E A

Materials and Methods

= Measurements

Cell viability Permeability
« Quanti-Max WST-8 assay « Fluoresceinisothiocyanate
(FITC}-dextran analysis

Tight junction

« Trans-epithelial electrical
resistance

+ EVOMS epithelial voltohmmeter

I
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Results — Cell viability

1.0

= = S
s £ =
T

Cell survival (490 nm)

=
[

0.0
PC NC
1 mM HzOg - +

Thr
+

P<0.05
) a
l ] ab ab
I
I cd d ed
e
Trp Gly vc VE VA Cr Se Zn
+ + + + + + + +

Results — FITC—dextran (permeability)

L = =
~ = w©
o
a

FITC-dextran (ratio)

o
s

05

0.4
PC NC
1mMH,0, - +

Thr
+

P<0.05
b
b b
I
cd
e e e I de
I I
Trp Gly vC VE VA Cr Se Zn
+ + + + + + + +
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P<0.05

o
=3
=}

&

ab a

450

c ks o b
— ¢ c ] cde — cde

L

400 +

w
o
o

Trans-epithelial electrical resistance (TEER), Q.cm?
w
b=3
o

n
o
o

Oh 24 h

EPC BNC @Thr OTrp OGly BVC OVE OVA @Cr OSe 0O2Zn
1mMH,0, - + + + + + + + + o+ +

&
-

All functional nutrients used in the current study
improve cell viability and decrease intestinal
permeability

Thr, Trp, Gly, and VC are more effective in improving
cell viability and decreasing intestinal permeability in
intestinal epithelial cells

The current experiment can provide the potential
approach to screen various functional nutrients in vitro
before conducting their in vivo studies
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Effect of dietary supplementation of threonine,
tryptophan, and glycine on growth performance,
relative organ weight, stress biomarker, and
intestinal barrier function in broiler chickens raised
under multiple stress conditions

Materials and Methods

Multlple stress conditions

Normal conditions 4 }mgu HES! [n__;p A 18 bfjmJu
1 fr. 3¢ 8 rep. X 10 birds 1
/“:“T < «
l \.‘ "' Al' |
2“‘1‘ Rt |
Trp
Stocking density: 16.9 birds/m? Stocking density: 25.3 birds/m?
Temperature: 23 = 0.7°C Temperature: 30 + 0.3°C for 10 h/d

and 23 * 0.2°C for remaining time
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Materials and Methods

= Treatments

Positive control

Normal condition (PC) Basal diet
Negative control -
(NC) Basal diet
Threonine Basal diet + 0.68% digestible Thr
Multiple stress (Thr) (100% greater than basal diet)
condifian s Tryptophan Basal diet + 0.19% digestible Trp
(Trp) (100% greater than basal diet)
Glycine Basal diet + 1.60% digestible Gly
(Gly) (100% greater than basal diet)

Materials and Methods

= Measurements

Growth performance “,"

- Body weight gain 3
- Feedintake

- Feed efficiency

Stress response
+ Blood H-Lratio
+ Feather corticosterone

Relative organ weight
+ Relative organ weight

@ -

Intestinal heaith

« Intestinal morphology in
jejunum

- Goblet cell count

« Intestinal permeability
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Materials and Methods

o)

= Statistical analysis was performed using the PROC MIXED procedure
of SAS (SAS InstituteInc., NC, USA)

= Each cage was considered as the experimental unitfor all analyses

= Qutlier data were checked using the UNIVARIATE procedure of SAS

= The LSMEANS procedure was used to calculate treatment means and
the PDIFF option of SAS was used to separate the means if the
difference was significant.

= Significance for statistical tests was set at P < 0.05

gsas

Results — growth performance

Body weightgain (BWG), g Feed intake (Fl), g Feed efficiency (FE), g/kg
1,400 2,500 640
6317
830 628
1200 2z
04,04701,059° 2,000
1047040470059 P -
1,000 1,650¢ ' 1,676°
609
1,500 610 606be
800 !
600
s00 1,000 580 500
400
580
500
200 570
0 0 560
wPC aNC Thr = Trp Gly #PC ®sNC ~Thr «Trp Gly #PC aNC =Thr «Trp Gly
£<0.05 FP<0.05 £L005
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Results — relative organ weight

Liver, % Spleen, %
3.00 0.14
273
0.12 042
2.50 as a
— i 2.35 o412 OM
2,16 P _
2.00
0.08 0.08
1.50
0.08
1.00
0.04
e 0.02
0.00 0.00
mPC mNC “Thr «Trp Gly =PC mNC «Thr «Trp Gly
P <0.05 P<0.05

Results — stress biomarker

e 0762.:L raito )W\.)!)r‘ @g =
- h& SOk
| ») F A

0.50 9@ @‘-3"{@ @)
0.45 .

0.40 0.39° - 9{@@ . %\%% k"‘
o SO EI="0 @
> B K% <9,

=PC ®NC «Thr =Trp Gly
P <0.05

Lymphocyte

- 905 -



Results — jejunal morphology {@

Villus height, pm Goblet cell, cell/ 200 ym
1,500 T 21.5
s 2.3
212

1,450

21.0 20,08
1.400 1,384
1.380 1334 205
1,300

20.0°

1,250 41,2360 1.241° 20.0
1,200

19.5
1,150
1,100 19.0

“PC mNC «Thr «Trp Gly wPC aNC = Thr »Trp Gly
...... ————— >y P<0.05 P<0.05
VY QRIS ER By e .
y | ( : “. | 3 [k. R
) | h RS Lh 55 - “":. J‘;—\'_‘;
[ d Crypt depth }J} H‘),

Results — intestinal barrier permeability [

TER, Q/cm?
700

5957
600

541a3b

4998 b
500 492!

400 362¢
300

200

100

mPC mNC “Thr «Trp Gly

£<005
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The multiple conditions decrease growth performance
and intestinal health of broiler chickens

w
Dietary supplementation of Thr, Trp, and Gly improves

growth performance of broiler chickens raised under
multiple conditions possibly due to decreased stress
responses and improved intestinal health

Dietary supplementation of Thr can be a novel dietary
treatment to improve growth performance and health in
broiler chickens raised under multiple conditions

Effect of dietary concentrations of threonine on
growth performance, antioxidant capacity, stress
biomarker, and intestinal barrier function in broiler
chickens raised under multiple stress conditions
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Materials and Methods

Normal conditions
3 k. 2{ ® rep. XX 38 birds

.
A 7

-
-

2 N G
gy s ‘1 ;
-

PC (positive control)

50% Thr 100% Thr

A4
Multiple stress conditions

3 k. 3X 6 rep. 3 76 birds

NC (negative control)
1%—
l |

-

- =

50% Thr

100% Thr

Stocking density: 9 birds/m?
Temperature: 24 + 0.9°C

Stocking density: 18 birds/m?
Temperature: 31 + 0.3°C for 10 h/d
and 24 + 1.6°C for remaining time

Materials and Methods

= Treatments

Fﬂh?pi;ﬂ
\ ' ‘ I
\ )

Condition Dietary treatments

Normal condition | Positive control (PC)

50% Thr

100% Thr

Basal diet

Basal diet + 0.34% digestible Thr
(50% greater than basal diet)

Basal diet + 0.68% digestible Thr
(100% greater than basal diet)

Multiple stress

 nditions Negative control (NC)

(Heat stress + 50% Thr
High stocking
density) 100% Thr

Basal diet

Basal diet + 0.34% digestible Thr
(50% greater than basal diet)

Basal diet + 0.68% digestible Thr
(100% greater than basal diet)
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Materials and Methods

= Measurements

Growth performance ? : Antioxidant capacity

« Body weight gain e « TAC (total antioxidant capacity)
+ Feedintake + ROS [reactive oxygen species)
- Feedefficiency = * MDA (malondiaidehyde)

Stress response Intestinal health

- Blood H:L ratio - Intestinal morphology in

jejunum
« (Goblet cell count
« Intestinal permeability

= Statistical analysis was performed using the PROC MIXED procedure
of SAS (SAS InstituteInc., NC, USA)

= The statistical modelincluded conditions, dietary supplements of Thr

levels, and their interactions

= Orthogonal polynomial contrast tests were also performed to verify
the linear and quadratic effect of increasing inclusion levels of Thrin
diets

= Significance for statistical tests was set at P < 0.05

Gsas
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Results — growth performance

N
Body weight gain (BWG), g Feed intake (Fl), g Feed efficiency (FE), g/kg
1,400 1,850 660
1,800 1,785 650 646
1,200 1,152
1,750 840
1,000 630
891 1,700
1,650 i
800 610
1,600
o 1,550 e
' 1,515 590 354
400 1,500 i
1AM 570
200
1,400 560
0 1,350 550
= Normal condition ® Stress condition = Normal condition ®Stress condition = Normal condition ®Stress condition
P<0.01 P<0.01 P<0.01

Results — growth performance [1

Body weight gain (BWG), g Feed intake (FI), g Feed efficiency (FE), g/kg
1,060 1,690 650
1,050 1,048% 1,680 Lo
640 382
1,040 1,670
19% 1,024 1,660 630
1,020
1,650
1,010 . 620
1,640 1.63¢¢
e i 1,631
090 1,630 610 B07° prvs
980 1,620
600
970 1,610
960 1,600 590
m068 =102 136 1068 =1.02 136 u0.68 =102 136
Thr levels Thr levels Thr levels
P<0.05 P <0.05 P<0.05
Linear< 0.05
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Results — antioxidant capacity, stress biomarker @

25

20

1.5

1.0

0.5

0.0

MDA (malondialdehyde),
pmol/mg protein

® Normal condition ® Stress condition

P<0.05

0.25

0.20

0.15

0.05

0.00

H:L ratio

uNormal condition

u Stress condition

P<0.05

Results - Jejunal morphology

1,550

1,500

1,400

1,350

1,300

1,250

1,200

1,150

Villus height, ym

1,521

1,287

= Normal condition = Stress condition

P<0.05

14.2

14.0

13.8

VH:CD ratio

14.0

= Normal condition

= Stress condition

Fﬁ;‘x«nﬁ:ﬂ

A &4

P<0.05
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Results — jejunal morphology s

Villus height, pm VC:CD ratio Goblet cell, cell / 200 pm
1,550 16 15,20 15
1,513* 2120
1,500 14
21.0 20.9*
1,450 12
205
1,400 10
1,350 8 20.0
19,
1,300 6
19.5
1,250 4
19.0
1,200 2
1,150 0 18.5
m0.68 =1.02 »1.36 =0.68 =1.02 - 1.36 =0.68 =1.02 ~1.36
Thr levels Thr levels Thr levels
P<0.01 P<0.01 P<0.01
Linear< 0.01 Linear< 0.01 Linear< 0.01

Results — intestinal barrier permeability [

PD, mV TER, Q/cm?
60 56.7 200
it 177
50
160
140
40
120
30 100
80
20
60
40
10
20
0 0
= Normal condition = Stress condition m Normal condition m Stress condition
P<0.05 P<0.05
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Results — intestinal barrier permeability

PD, mV TER, Qlcm?
60.0 200
56.0° 5460 1847
180
50.0
160
1458
40.5° 140
40.0
{=
120 118
30.0 100
80
20.0
60
40
10.0
20
0.0 0
u0.68 =1.02  1.36 m068 =1.02 + 1.36
Thr levels T Thr levels B
Linear< 0.05 Linear< 0.01

The multiple conditions decrease growth performance
and intestinal health of broiler chickens

1.36% improves growth performance, gut morphology,
and intestinal permeability of broiler chickens

It is expected that broiler chickens fed diets
supplemented with Thr improve growth performance

Increasing dietary concentrations of Thr from 0.68 to ]
and gut health in various stress conditions ]
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A

A comprehensive total health care company improving
the quality of life for centenarians

lldong Bioscience specializes in the production of nutraceutical probi-
otics ingredients. It was established in 2016 based on the wealth of
experience and fermentation technologies accumulated by lldong
Pharmaceutical, which has devoted itself to research and development
of probiotics for more than 70 years and launched a nutritional supple-
ment, ‘Biovita; in 1959 for the first time in South Korea. The Poseung
Plant of lldong Bioscience is equipped with South Korea's largest
fermenter with a capacity of 50 tons and extraction facilities and
produces high-quality ingredients for health functional foods. Further-
more, the [I-Dong Culture Collection(IDCC) stores more than 6,000
types of strains selected by screening technology. Out of these strains
those exhibiting superior properties in genetic analysis are registered
with the US GenBank and ATCC. lldong Bioscience also has many other
patented technologies.

Affiliated Research Laboratory

Relentless passion for R&D

By establishing an affiliated research laboratory, lldong
Bioscience aims to investigate the properties of each
probiotic strain as well as its culturing, production, and
coating technologies. We also research on developing
various functional ingredients derived from probiotics
and natural substances.

Quality Assured Probiotics
Strictly quality-controlled probiotics

AP US

ILDONG BIOSCIENCE products are manufactured with strict
standards according to GMP, HACCP, Kosher, 15022000 and
FSSC22000 from purchase of ingredients to production,
packaging and shipping.

IS0 22000
BUREAU VERITAS

@ (JFssc22000 K
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Shaping Together!
Bright Future!

There are people who keep the fundamentals of healthy life.

Our journey starts with “Better Nutrition for Better Lives”.

Cargill has a firm belief that better nutrition makes food safe and people nourish.
Each and every day, we are committed to providing Korean farmers with

the world class animal nutrition research & service.

A ® Helping
a r ' the world
WWww. CII AT thrive
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