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Key challenges which can be tackled by lowering CP levels in pig diets

Climate change

» Environmental pollution
» Stricter regulation (N, P)

' include EU, China
« High feed cost &

N 8
Pig production

=

* low margin (loss)
 over/under meat supply }o

Amino Acids

iviterieee ° Population growth
7.9 (today) to 9.8 billion in 2050

'{.ﬂjiijjﬁ.. Sustainable Food supply »

Animal health / welfare

» diseases (e.g. ASF)
« Stress (immune, heat stress)
 AGPs-free is current focus
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Nutrients in the feed are not completely available to the animals

Not all nutrients are digested and available
Quality of a protein source is affected by its AA availability
Needs nutrient availability estimates

SID of AA in a CAA mixture in pigs SID of AA
ki aad * good indication of AA availability in ingredients
[}
Nitrogen 96.0 s » used as estimates of available AA in practice by swine
Indispensable AA HsC OH nutritionists (AMINODat 6.0; NRC, 2012).
Lysine 00.3 NH
Tryptophan 7.8
Threonine 98.2° SID of Met (%; AMINODat 6.0)
Methionine 90.2 .
s s \DL-Met Corn Wheat Barley Soybean meal DDGS Wheat bran
=]
e 100,18 ~100 87 89 83 92 83 82
Valine 98.52
Phenylalanine 09.4 . : ) : :
e e Crystall.lne AA ar.e prc-)ven to be comF)Iet.er (100 /o).dlgestlble
Mean 89.0 = CAA: higher availability compared with intact protein sources

Chung and Baker (1992; JAS 70:3781-3790
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Low protein diet — an old concept but still relevant today

EFFICACY OF SUPPLEMENTAL LYSINE, METHIONINE AND ROLLED OATS . .
FOR WEANLING PIGS FED A LOW-PROTEIN » CP level of corn-SBM diets reduced from 19 to 16% without
CORN-SEIBEAN MEAT-DIET reducing performance of weaned pigs by adding L-Lys.HCI.

R. S. Katz, D. H. Baker, C. E. Sasse' , A. H. Jensen and B. G. Harmon 4

University of Illinois at Urbana-Champaign, Urbana 61801
Katz et al., 1973 -J. Anim. Sci.

» Reducing dietary CP content by replacing a portion
of protein bound AA with crystalline AA Liebig’s

= Balancing adequate level of all AA and energy barrel
= Maintaining the same pig performance

Low protein

diet

Svnerav: 15 limiting 2" limiting 3" limiting 4™ limiting 5% limiting " Protein synthesis is “all
ynergy: . . . - : or nothing”.
Lysine Lysine Lysine Lysine Lysine :
Progress ;)f Threonine Threonine Threonine LZ:‘:‘?::‘?:e " Lys is the first limiting
ggﬁggg?sq Methionine Methionine Tryptophan AA in typical pig diets
) Tryptophan Valine (before Thr, Met and Trp,
.. .. . . . Val and lle
principle of the “next limiting amino acid” » )

@ evonik
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lllables
forgRoultryfandISwine!

Recommendations for Swine

amino acids and more,

Advancement in feeding concepts for swine

= Advances in ileal AA digestibility and Feed-grade amino acids

requirements of AA for pigs i ADynamic AA ratio 8
A | /| Precision feeding
= Formulating diets on the basis of SID AA | JGut health startegy [ s lle

I
I [ A | >t "caTth St
in combination with ideal protein concept - I | SID AA, IP, NE 2010 g Val
and NE allows lowering CP level o : Low CP diet
(¢} 1 L
e O
= Increased availability of CAA such as c : 1990
Lys, Met, Thr, Trp, Val and lle (Arg, His) 8 ~Trp
5 lleal AA, IP,
c low CP, DE, 1980 ' Thr
'_3 | ME
)
(<} | 1960
L !
I
| 1953 |
Economical

| 1992 |l 2000
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Uncertainty about the formulation of low CP diets?

»Reduced pig performance when the dietary CP level was reduced more than 4%-points with
increased CAA (Figueroa et al., 2002).

= Uncertainty about the availability of CAA compared with conventional intact protein sources
(SBM)

=How much can we lower dietary CP level in pig diets?

= Any potential benefits of Low CP diets beyond N excretion?
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How do CP levels in commercial piglet diets look like?

Analyzed CP level — Pre-starter commercial piglet feed

Brazilian GBT
NRC, 202 Table, 2017 (Chinese) — — i _ . L‘
Prostater (59K . I .
SID Lys, % 1.50 1.45 1.42 Latin America (n = 24)
CP, % 22.7 21.4 21.0 &
SID Lys:CP, % 6.6 6.8 6.8 1
SID Lys, % 1.35 1.35 0
CP (y 20 6 19 9 2014 20186 2018 2017 2018 2018 2020 2021
y 0 - -
SID Lys:CP, % 6.6 6.8
Stater2  (11-25kg)  (825kg) : =3
SID Lys, % 1.23 1.12 1.22 ® %_% i = i—; e =
CP, % 18.9 18.1 18.5 . ) a °
SID Lys:CP, % 6.5 6.2 6.6 s Europe (n = 176)
AMINOInsight
= In Europe often nursery pig diets are formulated to contain only Evonik Nutrition & Care GmbH
. . 0
17_1 8% CP to aVOId PWD (Steln’ 2002) 2014 2015 2018 27 2018 2019 2020 20

» There is still room to reduce CP level in commercial piglet feed.

8 Reduction in crude protein content and AA supplementation in piglet diets | Dr. John Htoo | 33 CBNA Congress 2021 @ EVD I I I H

Leading Beyond Chemistry



Content

1. Introduction - development of low protein diet concept ﬁ -~

2. Effects of lowering dietary CP level on piglet performance and N excretion
3. Mistakes to be avoided when formulating low protein diets — how low we can go?

4. Advances on low protein diet concept to enhance intestinal health and microbiota

5. Conclusions

9 Reduction in crude protein content and AA supplementation in piglet diets | Dr. John Htoo | 33 CBNA Congress 2021 @ EVD I I I H

Leading Beyond Chemistry



Lowering CP level improves energy utilization efficiency

Noblet et al. (1994)
Gross Energy (100 %)

DE:GE 82% l—> Fecal Energy (18%)

Digestible Energy (82%)

ME:DE 96% > Urine (3%)
=P Methane (0.3%)

Metabolizable Energy (78.7%)

NE:ME 74Y% l—> Heat prod. (20.5%)
. ()

Net Energy (58.2%)

Efficiency of metabolic utilization of ME for NE

Protein, Fiber Starch Fat

NE:ME, % 60 82 90

Increased fat deposition can be prevented by balancing the same SID Lys:NE.
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Le Bellego et al. (2001)

1.35

ME intake =2.33 MJ/day/kg BW?0-60

Heat production (MJ/day/kg BW 0-60)

1.05; + 7 kJ/g CP intake

1.00 . . . . . . . .
20 22 24 26 28 30 32 34 36
Protein intake (g/day/kg BW 0-60)
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Reduction of dietary CP (6%-unit) on performance and N excretion in weaned pigs

120 pigs for growth trial (initial BW 6 kg; 28 d)
20 barrows for N-balance (initial BW 10.8 kg)

5 CP levels (21, 19.5, 18, 16.5, 15%)
Corn, SBM, skim milk,Lys, Thr, Met, Trp, Val, lle
Same SID AA, ME and electrolyte balance

mmADFI, gd =mADG, gkg —FCR, g/g

600
535 525 538 1.70
500 506 498 mmN excretion, g/d —N retention, % intake
1.50 70 64 110
400 105
1.30 6.0 100
5.0 95
300 1.10 4.0 90
50 85
200 0.90 : 80
2.0 75
100 0.70 1.0 i
0 0.50 0.0 60

21.0 19.5 18.0 16.5 15.0

21.0 19.5 18.0 16.5 15.0 .
Dietary CP content, %

Dietary CP content, %

Toledo et al. (2014; R. Bras. Zootec.)
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Effect of lowering CP and balancing with CAA on performance of weaned pigs

Corn, SBM, Whey diets; 20% CP (5 CAA); 18.5% CP (6 20% CP 18.5% CP
CAA); same SID AA (1.23% Lys), piglets (8-20 kqg); 4 wk
) ( o Lys), piglets ( 9) Initial BW, kg (d 1) 8.1 8.1
mm ADFI, g/d =mmADG, g/d =mG:F, g/kg —e-Diarrhea incidence, % Pig price, EUR/kg™ = =
Final BW, kg (d 28) 20.2 21.4
800 - 30.0
200 e Pig price, EUR/kg 12 12
600 ' Revenue per pig, EUR/kg 80.40 94.80
500 - 200 FCR 1.39 1.36
400 - 15.0 Feed intake per pig, kg 16.88 18.07
300 10.0 Feed cost, EUR/kg* 0.376 0.375
200 50 Feed cost per pig, EUR 6.35 6.78
100 e
o 00 IOFC, EUR/pig 74.05 88.02
20% CP 18.5% CP ' Extra value with LCP, EUR/pig ( 13.97)
Dietary CP content, % ~—"

* Price of ingredients and pigs in China (Sep, 2020; eFeedlink)

Zhou et al. (2019; Anim Sci J. 90(2):237-246)
12 Reduction in crude protein content and AA supplementation in piglet diets | Dr. John Htoo | 33 CBNA Congress 2021 @ EVD n I H

Leading Beyond Chemistry



Effect of reducing CP (replacing fish meal with CAA) on performance of 7-13 kg weaned pigs

(d 0-14)
211 4.5 14.10 1.30 Adeq. 6 - 6.2 6.8
20.9 3.6 14.08 1.30 Adeq. 6 GlIn, Gly 6.2 6.8
20.8 2.7 14.07 1.30 Adeq. 6 GlIn, Gly 6.3 6.9
20.6 1.8 14.05 1.30 Adeq. 6 GIn, Gly 6.3 6.9
20.5 0.9 14.04 1.30 Adeq. 6 GIn, Gly 6.3 6.9
20.3 0.0 14.02 1.30 Adeq. 6 GIn, Gly 6.4 7.0
Fish meal, % 4.5 3.6 2.7 1.8 0.9 0.0
211 20.9 20.8 20.6 20.5 20.3
Feed intake, g/d 528 517 537 525 531 546
ADG, g/d 376 372 389 378 380 380
G:F 0.713 0.720 0.730 0.719 0.715 0.698

AA supplementation in piglet diets

Dr. John Htoo | 33 CBNA Congress 2021

Nemechek et al. (2014) ; JAS 92:1548-1561
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Lowering dietary CP level directly impact N utilization and excretion in 12-27 kg pigs

32 pigs for growth trial (initial BW 12 kg; 22 d)
4 CP levels (22.4, 20.4, 18.4, 16.9%); replacing SBM with CAA (6); 1.01g SID Lys/MJ NE
Electrolyte balance, mEqg/kg (250, 212, 173, 171); Performance + N balance (wk 1)

Dietary CP, %

22.4 20.4 18.4 16.9 P-value
ADG, g/d 642 661 690 663 Linear **
FCR, g/g 1.50 1.58 1.54 1.58 ns
BW (d 22), kg 26.0 26.8 27.2 26.8 Linear **
Total N excretion (g/d) 1072 940 68 51 Linear ™
Water intake, g/d 1941 1887 1867 1645 Linear *
/ Urine, g/d 757 643 625 481 Linear *

\ ns: not significant; * P <0.05; ** P < 0.01
1 %-pt CP reduction = - 9% N output; - 3% water need

Le Bellego and Noblet; 2002 (Liv Prod Sci)
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Effect of reducing CP (using up to 4 CAA) on growth performance of 20-45 kg pigs

CP, %' ME, Mcallkg SID Lys, % CAA added 4 EAAlevel Val:Lys, % lle:Lys, % Lys:CP, %
18.2 3.24 0.83 0 Adeq. 89 80 5.3
16.4 3.24 0.83 3 Adeq. 79 70 5.7
15.4 3.24 0.83 4 Adeq. 73 64 6.1
14.4 3.24 0.83 4 Adeq. 67 58 6.5
13.3 3.24 0.83 4 Adeq. 61 52 6.9

" Lowering CP by replacing SBM with free AA.
m18.2%CP m16.4%CP m15.4%CP m14.4% CP 13.30%

1696
1632 1620 1616 1630

1600
1400

* Different (P < 0.10) from the 18.2% CP diet.
1200 » Reducing CP > 4%-pt
1000 reduced ADG and G:F.
800 » Due to deficient in next
600 limiting AA.
400
200

Roux et al. (2011; JAS
ADFI, g/d ADG, g/d G:F (g/kg) 89:2415-2424)
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Reduction of dietary CP (6%-unit) on performance and plasma urea N and selected AA in 14-

35 kg pigs

Nutrient composition” [% in dry matter]

Crude protein 14.14 20.27
Lysine 1.26 1.26
Methionine + cysteine 0.63 0.63
Threonine 0.76 0.76
Tryptophan 0.20 0.20
Arginine 0.71 1.09
Histidine 0.30 0.44
Isoleucine 0.46 0.71
Leucine 1.11 1.52
Phenylalanine 0.56 0.81
Valine 0.54 0.72

17 Reduction in crude protein content and AA supplementation in piglet diets | Dr. John Htoo | 33 CBNA Congress 2021

.. 36crossbred piglets (initial BW 10.1 kg; 45 d)

2 CP levels (20.3, 14.1%)
Lys:CP ratio (6.2, 8.9%)
. Corn, SBM, whey, FM, 4 EAA

. ... SameSIDAA, NE

EEADFI, g/d mmADG, g/kg —FCR, g/g *P <0.05

900 1.86 1.90
800 1.80
700 1.70
1.60
600
1.50
500
1.40
400 1.30
300 1.20
200 1.10
20.3 14.1
Lys:CP, % 6.2 8.9

Dietary CP content, %

Luo et al. (2015); Archives of Animal Nutrition @ EVONIK
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Effect of reducing CP on performance and gut morphology of 7-10 kg pigs (14 d)

231 Corn, SBM, whey 13.9 1.30 Adeq. - 44:56 5.6 (6.3)
18.9 Corn, SBM, whey 13.9 1.30 Adeq. 4 44:56 6.9 (7.5)
17.2 Corn, SBM, whey 13.9 1.30 Adeq. 8 46:54 7.6 (8.1)
*Lowering CP by replacing of SBM with EAA; total Lys:CP in parenthesis.
Dietary CP, %
231 18.9 17.2
Feed intake, g/d 357 342 307
ADG, g/d 2662 252ab 209°
FCR, g/g 1.352 1.362 1.49P
PUN (d 14), mg/L 1392 80P 61¢
Villus height, um T
duodenum 4542 4572 433Pb
jejunum 4362 4192 393
cecum 399 395 386
Proximal jejunum
Protein, mg/g mucosa 55.9 54.2 51.8 ,
Lactase, umol/g protein 39.72 35.62 29.5b Yue gnd Qiao (2_008)
Sucrase, pmol/g protein 54 .22 50.72 43.7° Livestock Sci

ab.c \Within a row, values with different letters are different (P < 0.05).
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Reducing dietary at > 8% Lys:CP may be deficient in NEAA affecting performance of 6-23 kg
pigs (35 d)
104 weaned pigs (initial BW 6.3 kg; 35 d; 3 phases); 24 pigs were euthanized to collect skin samples (collagen)

3 diets (CON high CP; Low CP' (12 CAA + Gly+Ser); Low CP' (12 CAA + Glu); similar NE and EAA N:total N (0.48)
" Lowering CP by replacing SBM with free AA.

(g/d) . G:F (9/9)
800 ==ADFl, g/d =mADG, g/d -*-G:F 080 Skin collagen abundance, %

74
% a o, P<005

a
a
b b 1o70 a a
600 - 0.64 0.65 72 m CON
P <0.05 = G+S
-+ 0.60 70
400 | b o = GLU
68
+ 0.50
200 - 66
+ 0.40
64
0 - + 0.30
CON G+S GLU 62
Phase 2 Phase 3
CP, % 223 17.0 17.0 . . . .
SID Lys:CP, % 6.3 8.3 8.3 NEAA (N source) was insufficient in the Low CP diets)

Silva et al. (2020; JAS doi:10.1093/jas/skaa023
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Reducing dietary CP and SID Lys levels reduced performance of 9-32 kg pigs (45 d)*

*Lowering CP by replacing fishmeal with CAA.

FCR (g/g)
1200
1066 1087 1055 1 220
1000
a - 1.80
800 —+ (P <0.05)
b
600 _ 572 + 1.40
400 - - 1.00
19.9% CP 16.9% CP 16.9% CP
SID Lys, % 1.24 1.04 1.24 - Adequate Lys supply in
SID Thr, SAA, Trp ==emeeeeeeeeeee Same ratios to Lys ----=--===----- low CP diet maintains
NE, kcal/kg 2,500 pig performance.
Total Lys:CP, % 6.23 6.14 7.23

Liu et al. (2019; Anim Nutri 5:115-129)
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Effect of reducing dietary CP and supplemental AA on growth of 12-22 kg pigs (21-d)

17.4 10.25 0.96 Adeq. 4 - 46:54 5.5 (6.2) 180
15.3 10.30 0.94 Adeq. 5 - 46:54 6.1 (6.7) 180
13.4 10.30 0.92 Adeq. 9 - 49:51 6.9 (7.4) 180
11.6 10.33 0.89 Adeq. 9 - 53:47 7.7 (8.2) 180
12.5 10.55 0.92  Adeq. 10 3 46:54 7.4 (7.9) 180
13.4 10.77 0.93 Adeq. 10 3 42:58 6.9 (7.3) 180
'Diets 1-4: Grains-SBM-AA based; Diets 5-6: Grains-AA diets; 2Glu, Gly, Pro; 3Lys:CP in parenthesis.
Grains-SBM-free AA diets Grain-free AA diets
CP, % 17.3 15.3 13.4 11.6 12.5 13.4
Final BW, k 22.2a 2222 2192 20.1° 21.82 2232 " NEAA(N)
Ina » KQ : : : 1 : ' ' can limit >4%
Feed intake, g/d 766 775 779 734 810 782 CP reduction
ADG, g/d 450 2 454 a 442 a l 358 b 420 @ 451 a " S'gg';ysﬂp
G:F 0.59a 0.59a 0.57a 0.49° 1 0.52°b 0.58 2 o
ab Within a row, values with different letters are different (P < 0.05). Gloaguen et al. (2014;
21 Reduction in crude protein content and AA supplementation in piglet diets | Dr. John Htoo | 33 CBNA Congress 2021 JAS 92:637—644) @ desgnghe!ﬁhw
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Post-weaning diarrhea is a major gut health challenge for pigs

Digestive
bacterial
- 0 infections i p
% ; Meta-analysis . ,-*
£ S | -102 (122 publications) *
2 04 | v e
e
T -15. : : :
.§ - Bacterial infections of E”ter°t°’f'ge”'c E. coli (F4,
=" — the gut causes 40% F.1 8): main cause of PWD in
£ -25 reduction in BW gain piglets e
8 .o relative to healthy pigs > due to F4: 65% (USA)
e o due to F18: 34% (USA)
% -35
E’ -40 Pastorelli et al. (2012) Zhang et al. (2007)
S 451 -40%

= fraction due to the change in feed efficiency
m fraction due to the change in the maintenance
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Lowering dietary CP level directly impact gut health and diarrhea incidence

Lowering CP reduces post-weaning diarrhea incidence
diets

& HP+E & HP o LP+E  -e-LP
‘ 50 -
Undigested 45 -
substrates for 2 ¢ ©
fermentation in g 97 Yv=o0405x+397 7
the gut lumen S 35| R=062 4 P “ N
o
s O
S 30 - o0 7 ¢ ¢ .
Proliferation of 0 8 o5 *
pathogenic J N utilization S 4
bacteria and 2 20 - o 2
toxic metabolites l £ 45 o z? HP = high CP diet
l P 7 HP+E = high CP with ETEC infection
N @ 101 ’, LP = low CP diet
Gut morphology excretion 5 | LP+E = Low CP diet with ETEC
l 0 T T T 1
l 20 40 60 80 100
Post-weaning Ammonia . .
Diarrhea 4 emission Average daily N intake, g/d
Heo (2010)
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Lowering dietary CP reduces hindgut ammonia concentration and diarrhea incidence in
piglets

Effect of diet CP content on ammonia and Reducing dietary CP from 24 to 18% (2 wk post-
pH in cecum - . Wweaning) reduces post-weaning diarrhea
= Ammonia —e—pH 6 1
mg/L 6.3 Infected = challenged with an
170 + 6.1 T 6.5 57 enterotoxigenic strain of E. coli
150 < 4
o
130 E 3 - I x CP interaction P<0.05
110
2 -
90 |
1 -
° m |
) o HP LP HP LP
24% CP 20% CP
Infected Non-infected
Htoo et al. (2007) Heo et al. (2010)
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Feeding a low CP diet improves intestinal function and reduces diarrhea and intestinal
inflammation without affecting performance of weaned pigs (d 0-12)

16 Duroc x (Landrace x Yorkshire) weaned pigs (9.7+ 0.11 kg BW; 8 pigs/trt; fed 4 times/day; 12-d)

Yin et al. (2021)

1) 26% CP (corn, soy, 7% FM, whey; without CAA; AA-adeq); 2) 18% CP (4 CAA; 3% FM; AA-adeq; same Lys, NE) Anim Nutr
. Hleum
/d)  ™WADFI, g/d ADG,g/d --GF s 100 — E 285 —
(g/d) G.F0 . = s0] s 2] =006
0.55 -+ 0. - ——
500 | P> 0.05 e £ 60 £ sl *
- 5 - —_—
400 - 0.42 : 2 40/ 8 1.0
- 0.40 Z 20. - ()5
- 0.30 0- — = 0.0 :
200 | 18% CP  26% CP 18% CP  26% CP
- 0.20 Diarrhea rate and VH:CD in ileum
100 - B » Heum
0.10 g - i - 20 p NF-kB/NF-kB
0 ‘ - 0.00 £ ] [P=0.002 3 | [P=0.038
18% CP 26% CP £ [p=0.002] s g 815 %
£ 4 100 = 25 —
B ¢ = 1.0
cc = = 1
. ) ) 8 S04 = = (.5
Piglets fed low CP diet had lower diarrhea through o g )
enhanced morphology which may be due to decreased % L — o 0.0- .
. . . . . . . o0 3 0
activation of NF-kB signaling to induce intestinal 1§%CP  WARCE 18% CP 26%.CF
inflammation. Myeloperoxidase (MPO) and phosphorylation of NF-kB:NF-kB ratio in ileum
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Effect of dietary CP level on growth performance and indicators of intestinal health in weaned
pigs (d 0-28)

180 mixed-sex weaned pigs (5.5 £ 0.88 kg BW; 12 rep pens/trt; 5 pigs/pen; 28-d; 2 phase feeding)

3 diets: 22% CP (corn, soy, FM, whey; 3 CAA; AA-adeq); 2) 19% CP (corn, soy, FM, whey; 7 CAA; AA-adeq; 3)
16% CP (corn, soy, FM, whey; 3 CAA; AA-def (lower Lys); NRC (2012) basis.

J Anim Sci

0.70 T 064
64 062
060 | W22%CP m19% CP u16% CP
0.51
0.50 - P <0.01
040 -+ 037 534034
0.30 -
024 .

0.20 - 0.17
0.10 -
0.00 -

ADFI, kg ADG, kg G:F

27

Piglets fed low CP-AA adeq diet maintain performance and
improve fecal score and gut morphology

Piglets fed low CP-AA def diet reduces performance and
impairs gut morphology

Reduction in crude protein content and AA supplementation in piglet diets | Dr. John Htoo | 33 CBNA Congress 2021

Limbach et al. (2021)

Fecal scores and blood characteristics of pigs affected by dietary CP levels

22% CP 19% CP 16% CP P-value

Blood urea N, mg/dL(d 27) 9.33¢ 5.25@b 4.832 0.01
IgG, mg/mL (d 27) 4.41 4.65 4.70 0.98
Haptoglobin, mg/mL (d27) 070 0.37 | 088 043 |
Fecal score (d 1-28) 1.522 1.362P 1.19P 0.02
Intestinal morphology of pigs affected by dietary CP levels

22% CP 19% CP 16% CP  P-value
lleum
Villous height, pm 278 3282 301ab **
Crypt depth, um 213 192 210 ns
VH:CD 144> 185° 1548 =
Jejunum
Villous height, ym 242 207 248 ns
Crypt depth, um 2002 161° 172b Hx
VH:CD 1.22 1.30 1.37 ns

ns: not significant; ** P <0.05; *** P < 0.001
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Effect of dietary CP level on intestinal pH, ammonia, VFA and indicators of intestinal health in
weaned pigs

pH, ammonia and VFA of pigs affected by dietary CP levels (d 12) Limbach et al. (2021)
22% CP 19% CP 16% CP  P-value J Anim Sci

pH

Stomach 2.90 2.97 3.43 ns

lleum 7.072 6.99ab 6.68P *

Colon 6.702 6.52b 6.692 * Gene expressions of major cytokines in ileal mucosa of pigs (d 12)

Ammonia, mg/g 22%CP__ 19%CP__ 16%CP__ P-value

Cecum 0.20 0.17 0.19 ns Pro-inflammatory

Colon | 034 . 031 .. 031 ______.hS__| TNF-a 1.04 1.15 1.19 ns

Total volatile fatty acids, mg/g IL-8 0.872b 1.072 0.69b wok

Cecum 131 118 137 ns IFN-y 1.462 1.042> 0.69b wok

Colon 120 120 118 ns ;&h—t_i_-ir_l_f_lé_rﬁr_ﬁé_t_df)_( """""""""""""""""""""""""""""""

ns: not significant; * P <0.10; *** P < 0.05 IL-10 0.84a 0.94b 0.98p *
IGFB . 0.867 0.92% 1.09° ]
_ _ o Gut-protective proteins

e o ean petemance ;S 0GIN w10 0s®
Z0-1 0.962b 1.012 0.88P *

» Piglets fed low CP-AA def diet reduces performance and MUC2 1.23a 1.27a 0.73b ok

impairs gut morpholo
P 9 P 9y TGF-B, transforming growth factor-beta,; /FN-y, interferon gamma;

OCLN, occludin; ZO-1, zonula occludens-1; MUC2, mucin 2.
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Effect of dietary CP and lactose levels on growth performance and intestinal morphology of

weaned pigs (d 0-14)

144 mixed-sex weaned pigs (7.2t 0.97 kg BW)

Soares et al. (2020)

2 x 3 factorial; 2 CP (20 vs 24%) and 3 lactose level (8, 12 and 16%); 8 rep/trt; 3 pigs/pen; 14-d) Anim Sci

[24% CP (without CAA); 20% CP (4 CAA); lactose was replaced with starch; same SID Lys and ME; 0.3% ZnQ]

B ADFI, kg ADG, kg -=-FCR
*ADFI: CP effect (P < 0.01)
0.40 **ADG: CP effect (P = 0.02)
0.36
0.32
0.28
0.24
0.20 1.20
0.16
0.12

8% Lac 12% Lac 16% Lac 8% Lac 12% Lac 16% Lac

20% CP 24% CP

Gut morphology and tight junction proteins in jejunum of pigs at 14 d post-weaning)

1.8
1.7
1.6
1.5
14
13
1.2
11
1.0

20% CP 24% CP
Lactose, % Lactose, % P-values
CP x
Item 8 12 16 8 12 16 CP LAC LAC
Villous height:crypt depth (VH:CD), um
Duodenum 1.99 238 240 1.94 241 237 ns el ns
Jejunum 256 271 2.86 224 264 274 > el ns
lleum 274 243 255 223 262 2.69 ns ns fl

Gene expression of tight junction proteins in the jejunum
Occludin 229 346 3.04 233 310 277 ns ** ns
Z0-1 1.74 215 213 1.21 227 1.79 ns ** ns

ns: not significant; ** P <0.05; *** P < 0.001

Feeding low CP diet increase feed intake and BW gain of weaned pigs.
Inclusion of lactose at 12% may improve intestinal morphology and integrity.
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Effect of source and level of protein on performance and intestinal morphology of weaned
pigs fed AGP-free diets (d 0-14)

150 barrow weaned pigs (6.0 + 0.14 kg BW)

5 diets: 1) LCP (17% CP; corn, SBM, 3% FM, whey; 8 CAA; AA-adeq); 2) 19% CP (adding 7.4% SPC*; 6 CAA); 3)
19% CP (7.4% FM**; 6 CAA; 4) 24% CP (adding 13.4% SPC; 1 CAA); 5) 24% CP (16.2% FM; no CAA)

Wu et al. (2015)
Anim Sci

*SPC, soy protein concentrate; **FM, Fish meal

225
200
175
150
125
100
75
50
25

HADFI, g
197
056 .
107 0
2l 40
b
17% CP  19% CP
(SPC)

ADG, g e G:F

174 178
155
29
24
53
18
38 26
b b b

19% CP  23.7% CP  23.7% CP
(FM) (SPC) (FM)

- 0.70
- 0.60
- 0.50
- 0.40
- 0.30
- 0.20

- 0.10

Diarrhea rate , plasma urea N and gut morphology of pigs at 14 d post-weaned)

CP, % P-values

Item 17 (S1F’9 c) (I;ll\gn) é%é) (2F3|\-II7) Diets Source Level
Diarrhea rate, % 25¢ 47v 40P 542 562 FEE ns EE
PUN, mM 1.9¢ 3.7° 3.7° 5.02 5.1a e ns e
Villous height: crypt depth

Duodenum 2.012 1.32¢ 1.59p 1.21¢ 1.31¢ e ol ek

Jejunum 2252 1.390¢¢  1.71P 1.16¢ 1.15¢ el s e

lleum 1.73 1.46 1.58 1.40 1.41 ns ns ns

Pro-inflammatory cytokines and tight junction proteins in jejunum (d 14 d post-weaned)

CP, % P-values
Item 17 (S?C) (I;II?II) (gi';) (2|3M7) Diets Source Level
IL-1B 1.002 1.36a> 1.372> 2.282 2.192 b ns **
IFN-y 1.00c 3.01ab 2.401P 3.572  3.40% *kk § ok
Z0-1 1.002 0.46° 0.778> 0.37¢ 0.56° *dk - *
Occludin 1.002 0.46° 0.712> (0.32P 0.41P ok § *

AGP-free diets, feeding 17% CP diet increase performance and decrease incidence of diarrhea of
weaned piglets compared to higher (19 or 23.7%) CP groups regardless of protein sources.
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ns: not significant; * § = 0.07; * P < 0.05;
** P <0.01; *** P <0.001
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Supplementation with BCAA to a low CP diet improves intestinal function and regulates
intestinal expression of AA transporters in weaned pigs

108 weaned pigs (8.0 kg BW; 6 pigs/pen; 6 pens/trt; 14-d) lle/Leu/Val:Lys ratios: 58/100/73%
3 diets (21% CP (AA-adeq) ; 17% CP (BCAA-def) ; 17% CP + 0.19% L-lle, 0.10% L-Leu, 0.34% L-Val (AA-adeq.) Zhang et al. (2013)
um mm Villus height = Crypt depth —@—VH:CD n=6 = ADG, g/d ADFI, g/d ~e-FCR, g/g
550 - 2.3 425 1.80
500 | e - 22 375 - 1.60
450 m 2.1
a 2.1 !
400 p 21 b 2.0 325 - 140
350 [ 19 22 13 275 L 120
300 : 1.8
250 I 4.7 225 108
200 a N ab : 1.6 175 - 0.80
150 I 1.5
100 ! 1.4 125 L 0.60
21% CP 17% CP 17% CP+ 21% CP 17% CP 17% CP+ 21% CP 17% CP 17% CP + BCAA
BCAA BCAA
......... Duodenum ......... ceeeeens Jejunum
Selected AA transporter mRNA expression in jejunum (after 14-d)
CAT-1 ABCT2 rBAT
Combined supplementation of BCAA S Loaw n=6 D o031 b
maintains intestinal development and AA % 2k - a W - T
absorption by regulating expression of T 08 % 0] L % T
intestinal AA transporters. £ 04+ m 2 § m
E 0.2 4 ~— E o @ E 0.2 4
0.0 T T T 0.0 T T T 0.0 T T —
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Effect of antibiotic-free, low-protein diets with specific AA levels on growth and fecal scores of
weaned pigs

Ctr+AGP LP+AGP LP LP105 LP105+AA LP110 LP110+AA
Essential AA +5% (+6% M+C, Thr, Trp) +10% (+6% M+C, Thr, Trp)
SID Lys (CP), % 1.29 (21) 1.30 (17) 130 (17)  1.37 (17) 1.37 (17) 1.43 (17) 1.43 (17)

210 weaned pigs (7.2+ 0.97 kg BW; 5 rep/trt; 6 pigs/pen; 35-d); SID AA (NRC, 2012); Isocaloric (2,560 kcal/kg
NE)

ADG, g/d GF
0600 0.8

Ctr+ AGP
LP+AGP
LP

LP1035
LPIOSY + AA
LP110
LPI10 + A4

ab P <0.05 )
e Diarrhea scores

3 abab 7 ab gabablab - (meanofd 1,4, 28)

0.6+

400 7

0.4+

2004
0.2 1
0- 0.0-

d0-14 d 15-35 d 0-35 d0-14 d 15-35 d 0-35 Diarrhea rate Fecal score

Zhou et al. (2020); Food Funct.
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Effect of antibiotic-free, low-protein diets with specific AA levels on composition of fecal
microbiota in weaned pigs (16S RNA sequencing)

Percent of community abundance on Family level

33

Fecal bacterial community at the family levels in piglets

1.0

0.8

0.6

0.4

0.2

=

=

i

il

|

Cir+AGP | LP+AGP

LPIDS

'Lp10s+AA” LPIID "LP

110+AA

I p-2534-18B5_gut_group
I ODP1230B8.23
I norank_o__Bacteroidales

I norank_o__Gastranaerophilales

B Family_Xim

|| Porphyromonadaceae

"9 norank_o__Mollicutes_RF9

I Coriobacteriaceae

I Peptostreptococcaceae
Streptococcaceae
Spirochaetaceae
Rikenellaceas
Christensenellaceae

B Erysipelotrichaceae

M Acidaminococcaceae
Clostridiaceas 1

M Bacteroidales_524-7_group
Lactobacillaceae
Veillonellaceae

B Lachnospiraceae

M Prevotellaceae

I Ruminococcaceae

M others

Zhou et al. (2020); Food Funct.

Linear discriminant analysis of fecal microbiota
(LP vs LP105 treatment)

p_ Firmicutes
g_ Clostridium_sensu_stricto_1
f_Clostridincene”1

[ PepTostreptococeaceiic
Terrisporobacter

| Acetohacteraceae
Acetobacter

o odospirillales

¢ Alphaproteobacteria

£ Pmmllnmt

t_]iaﬂtmhlll
o__ Bacteroidales
g Prevotellaceae NK3B31_group

g Prevolella

f_Lachnospiraceae

¢ Selenomonas

¢ Faecalibacterium

g Faecalicoceus B LP1OS
g Prevolella_2

LP105 group had increased abundances of Prevotellaceae (positive effects growth performance
and immune response; Amat et al. 2020) and Roseburia (butyrate-producing bacteria).
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Dietary CP reduction (15% CP) optimizes the microbiota composition in the ileum of growing
pigs

34
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12% CP
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15%CP

m Streptococcaceae

m Lactobacillaceae

w Enterobacteriaceae

m Leuconostocaceae

m Clostridiaceae 1

mnorank ¢ Cyanobacteria

= Ruminococeaceae

m Corynebacteriaceae

m Peptostreptococcaceae
Lachnospiraceae
norank_o_ Gastranaerophilales
Fusobacteriaceae

m Erysipelotrichaceae
norank_p_ Saccharibacteria

m Micrococcaceae
mothers

Chen et al. (2018)

Effect of low-protein diets on the distribution of ileal bacteria at the family level in growing pigs

Pigs: 18 barrows (36.5 kg BW)
Diets: Corn-SBM-wheat bran based
o 12% CP: Deficient in lle, Val, Phe
o 15% CP: adequate in all AA

o 18% CP: adequate in all AA
lleum sample: after 30 d

lleum

o Streptococcaceae: 53, 35 and 58% (12%
and 15% to 18% CP diets)

(E. coli, Salmonella) was
lower in 15% CP diet.

o Lactobacillaceae: 18, 24 and 4% (12% and
15% to 18% CP diets)

o Reducing dietary CP increases
Latobacillus:Coliforms.
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Effect of increasing Thr supply in low CP diets above requirement on performance of
Salmonella typhimurium challenged pigs fed high fiber diets

35

Animals 128 piglets (22.6 kg BW; 4 pigs/pen; 21-d study)
Diets 2 x 2 factorial (2 Thr (normal or + 20%) x 2 fiber level (Low or High (10% SBP + 5% wheat bran); 17.5% CP)

ADFI, kg EmG:F g/g

Fiber effect (all criteria): P <0.50

1.793

M ADG, kg/d

2.00 Thr effect (all criteria): P <0.50

1.80 1.885

1.60 1.789

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

Normal Thr High Thr
............... Low fiber ................

SDF, % 1.80 1.90
ISDF, % 11.20 11.80

17.30

1.691

High DF reduced pig performance during an enteric disease challenge, however extra Thr (above requirement)

improved pig performance regardless of the DF content.
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- 2.00

1.80
1.60

- 1.40

1.20
1.00

- 0.80

0.60
0.40

- 0.20

Wellington et al. (2019)
J Anim Sci
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Increasing FAA supply in both high and low CP diet reduces negative effect of Salmonella
challenge on ADG and antioxidant capacity in weaned pigs

Animals 64 piglets (13.9 kg BW; 14-d study)

Diets

2 x 2 x 2 factorial; CP (LP (16%) vs. HP (20%)); AA (FAA- (NRC) vs. FAA+ (+20% Thr, Met, Trp));
enteric challenge (Non-challenge vs. Challenge (orally inoculation; Salmonella typhimurium after 7 d))

ULP AA- mLP AA+ UHP AA- uHP AA+

ADG, kg

0.437
|

day-7to 0
Pre-challenge
Mo effects

0.4710 456 0.469

Non-challenge
1

5760.586
059
| 1

0.580 l:hul:enge

+50 A)
0. 29?

0.459

ISO /
day 0-7

Salmonella challenge = P = 0.05
FAA x Salmonella challenge = P < 0.05

i
().456

MLP AA-

Plasma SOD
(mp/mL):
Non-cha

mLP AA+
Challenge

llenge =54

Pre-inoculation (d 0)

aed | — —

Post-inoculation (d 4)

uHP AA-

uHP AA+

Challenge

| Non-challenge
r—lET | — .

| g_l_\ .
E 53 54
52 g5 5.2 54| 7 49 49 54 |

51151[

o453 53 52

f s | g d —_

Post-inoculation (d 7)

Salmonella challenge = P < 0.05; FAA addition = P< 0.05
FAA addition x gut challenge = P < 0.05; Gut challenge x day = P < 0.05
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Rodrigues et al.,

2021 (J. Anim Sci)
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Effect of dietary Trp and SAA addition to moderate CP diets on performance and immune
response of weaned pigs challenged with E. coli on day 5, 6 and 7 post-weaning

96 male pigs [6.2 £0.78 kg; weaned at 21 d; 12 replicate pigs (1 pigs/pen)/trt]

Wheat-barley-full-fat soybean (AGP-free) based diets (Lys was second limiting; SID Lys: 1.25%; 20% CP)
2 x 2 factorial [SID SAA:Lys (52 vs. 60% x SID Trp:Lys (16 vs. 24%)]; 14 d (E. coli challenge on d 5, 6 and 7 post- weaning

TrpiLys (16 vs 24):P=0.08 TrpiLys (16 vs 24); P=0.036
ADG, g/d _ . pLy
9 SAALLYs (52 vs 60): P=0.14 SR o SAALYS (52 vs 60): P=0.028
110 - Trp:Lys X SAALLys: P=0.42 . 3.00 TrpiLys x SAALys: P=0.092
96 93
90 -
250
68
70 4 2.09 206
i | 1.96
N l
30 T . T 1.50 . —
16% SID  24% SID  16% SID  24% SID 16% SID  24% SID  16% SID  24% SID
TrpiLys Trp:Lys Trp:Lys Trp:Lys Trp:Lys Trp:Lys Trp:Lys Trp:Lys
------- 52% SID SAA:LyS-rrr memenne§0% SID SAA:LYS-wueres weenene52% SID SAA:LYS----— ceceeeu-80% SID SAA:LySeemeeeer

APP Index

1.2+

1.0

0.8

0.6

0.4+

Acute-phase index (positive APP:negative APP)*

A
) . SAA effect: p<0.05
b
Ods
Ods
mEdi4

a a

ADG and FCR of E. coli challenged pigs were optimized at higher Trp:Lys and SAA:Lys ratios.

Suppl Trp of reduced inflammatory response in the acute phase, while SAA suppl reduced

inflammatory response in the acute- and adaptive-phase.
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Low Trp High Trp Low Trp High Trp

Low SAA Low SAA High SAA High SAA

*APP Index = (C-RP - PigMAP)/ApoA1

Capozzalo et al. (2017) Animal Prod Sci
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Dietary CP reduction combined with addition of B. subtilis probiotic (GutCare®) synergistically
increase performance and maintain gut barrier function

72 weaned piglets (25 d old; 7.6 + 0.55 kg BW; 42 d trial; 2 phases)
4 diets: 2 x 2 factorial; CP (High, 20%) vs. Low, (17.5%); Pro (0 or 500 g/t; B. subtilis DSM32315; 2 x 10° CFU/g.

Pro effect: P < 0.01
PEOYE Growth performance, kg ro effec

Pro effect: P < 0.01
@ VH:CD CP x Pro effect: P = 0.04
0.65 3.0
0.62 ) 25 2.6
2.5 . 2.3
2.0
1.5 b
1.0
0.5
0.0

0.63

0611060906070615 —
0.600
0.500 Pro effect: P =0.02
0.400 0 38-,0 398 378
0.300 L — =

ADFl, kg ADG, kg G:F Villus height: Crypt depth

lleum
day 42

mHigh protein No Pro m High protein With Pro =m Low protein No Pro = Low protein With Pro

Tight junction related genes

o0 Proeffect P=0.05 CP x Pro effect; P = 0 05 Pro effect, P = 106016

1.5
1.0 076

Tang et al., 2019 (J. Anim Sci) 0.5 u i U Ll i
0.0

Occludin-1 Claudin-1 N
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Reduction of dietary CP reduced urine N excretion and fermentable fiber shifted N excretion
from urine to feces in 24 kg pigs

B N retained O Urinary N [p<0.001] B FecalN

Diets:

High CP = 19% CP

High CP + Fiber = 18% CP + 15% soybean hulls*
Low CP =16% CP

Low CP + Fiber = 15.6% CP + 15% soybean hulls
Design: N balance

*Soy hulls = Fermentable fiber source

High CP High CP+Fiber Low CP Low CP+Fiber Zervas and Zijlstra, 2002 (J. Anim Sci)

. @ evoniK
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Fermentable protein (fCP) and fermentable fiber (fCHO) level on major bacterial groups, pH,
SCFA and microbial metabolites in proximal colon of weaned pigs

32 mixed-sex weaned pigs (8.0+ 0.22 kg BW; 4 repl/trt; 2 pigs/pen; 20-d) Pieper et al. (2012); J Nutr

2 x 2 factorial; low of high fCP* (14.5 vs 20.0%) x low or high fCHO** (14.5 vs 17.2% TDF) 20% heat-damage SBM: ** 8% wheat bran + 5% SBP

low fCP high fCP P-value
low fCHO high fCHO low fCHO high fCHO fCHO fCP fCHO x fCP
Bacterial counts log cfu/g digesta
Lactobacilli 8.62 8.1° 8.3ab 8.62 ns ns *
Bacteroides 10.2 10.9 10.6 10.7 ns ns
Cl. leptum 9.8 10.1 9.9 10.2 * ns
__Cl.coccoides 102 108 104 108 N 022 ______.ns
B T - X 60 60 58 ns ns______.ns______
SCFA (mmol/kg digesta) 95.1 98.3 119.5 111.02 ns b ns
molar ratio % of total SCFA
Acetate 57.3 59.9 58.0 62.7 ns ns
Propionate 27.1 25.1 25.7 23.0 § ns
_Butyrate . 122 128 .. 126 121 ] ns__________. ns________...hs______
umol/kg digesta
Ammonia 7.3 3.2 13.8 9.1 o ns
Putrescine 127 104 234 165 ns
Cadaverine 125 139 279 169 ns ns
Spermidine 211 225 274 267 ns ns
Dietary fCHO can affect microbiota composition and ameliorate formation of ns: not significant; § <0.10 * <0.05; ** <0.01

toxic metabolites in the proximal colon of pigs fed diets with high level of fCP.
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Effect of dietary CP (AA) and protease level on performance of weaned pigs
Effect of dietary CP and protease level on performance of 7-16 kg weaned pigs (d 0-28) Kim et al., 2021 (J Anim Sci Technol)

CP level Protease* P-value
19% 17% 0% 0.3% 0.5% CP Protease CP x Protease
BW (d28), kg 15.7 15.7 | corn: 37 - 41% | 15.3° 15.42 16.5° ns * ns
ADG, g 310 313 | Barley: 5% 2962 3002 3400 ns ** ns
ADFI, g 435 428 | SBM =21-26% | 420 421 453 ns § ns
G:F 0.71 0.73 | Fishmeal: 4% | 70a 0.712 0.75° ns * ns
*from a commercial Korean company ns: not significant; § <0.10 * <0.05; ** <0.01
Effect of dietary CP and protease level on performance of 6-14 kg weaned pigs Perez-Palencia et al., 2021 (J Anim Sci)
CP level Protease** P-value
22% 19% (-15% AA) 0% 0.0125% CP Protease CP x Protease
Phase 1 (d 0-14)# ;
ADG, g 154 156 | Gomia v 160 150 ns 5 ns
G:F 0.69 0.67 | Whey: 24% 0.69 0.67 ns ns ns
Phase 2 (d 15-28) 1 Soy protein: 2-6%
ADG, g 455 396 | Enzym. SBM = 4% 431 420 > ns ns
G:F 0.77 0.69 0.73 0.73 ** ns ns
**from a commercial Canadian company ns: not significant; § <0.10 ** <0.01

# Pigs received a common phase 1 diet. T Diets contained 2,500 FTU/kg phytase).
41 Reduction in crude protein content and AA supplementation in piglet diets | Dr. John Htoo | 33 CBNA Congress 2021 @ E v D n l H

Leading Beyond Chemistry



Content

1. Introduction - development of low protein diet concept ﬁ -~

2. Effects of lowering dietary CP level on piglet performance and N excretion
3. Mistakes to be avoided when formulating low protein diets — how low we can go?

4. Advances on low protein diet concept to enhance intestinal health and microbiota

5. Conclusions
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Conclusions

» For maintaining optimal growth of nursery pigs, low CP diets should be balanced
for adequate level of both EAA and NEAA and net energy.

»How far we can lower CP level depends on its SID Lys level in the diet. Keeping
~6.9% SID Lys:CP) is useful to keep minimum NEAA level.

=On average, 1%-unit dietary CP 4 » ~ 9% | N excretion » ~ 3% { drinking water

»Low CP-AA adequate diets is the first step to maintain gut health and lower
incidences of diarrhea.

»Reducing dietary CP may act synergistically with functional AA, probiotics, functional
fibers, enzymes.

= A holistic concept of combining “low CP diet with these functional feed additives”
should be considered as part of “AGP-free” strategy towards sustainable pig
production.
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