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* Very wide-ranging topic
* A holistic approach is required

e Remember the GIT:
* Must digest feed and absorb nutrients
* Must prevent ingress of pathogens and antigens

* Focus on feed and nutritional solutions only
* Nutrient requirements of the GIT
* 10 strategies and interventions to modulate gut health
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A holistic approach is recommended ew| nutrition”
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Nutrients and the GIT

* Both the bird (enterocytes) and
microbiota have specific
requirements

* Requirements increase during gut
health incidents

* Use 15 to 30% of 0, ,,energy and
protein
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The chicken gut is a fermentation chamber ew| nutrition
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The gut is an important part of the immune system ew| nutrition

* Largest component of the immune GALT — Gut-associated lymphoid tissue
system (GALT)

* Immune cells — insulin sensitive —
require more glucose

 Demand for Thr, Val & Gly
increases by 5%

* Intestines — first priority for
nutrients.

e Enteric nutritional deficiencies e i
unlikely
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Inflammation is important ew| nutrition

* Inflammation — core component of
innate immunity.

* Inflammation impacts on:
* Endogenous secretions
* Tight junction effectiveness

* Nutrient uptake —fat &
micronutrients in particular




Nutritional strategies and interventions to improve gut health ew | nutrition
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#1: Enable early access to feed and water ew | nutrition

e Easiest and most obvious
intervention

* Achieve early intake of feed and
water intake

* Stimulates physical and enzymatic
development of GIT

* High protein diet — stimulates

Intestinal weight (g)
O =~ N W P~ 0 OO N 00 W

intestinal growth o 1 2 3 4 5 6 71 8 9
e ‘Seed’ the microbiota with Age (days)
‘beneficial’ bacteria Fed (triangles)

Feed delayed (circles)
(Sklan,2001)
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Adequate water supply is essential

* Water is a central component of
digestion
* Digesta must contain correct
proportion of moisture

* Gut health depends on provision of
quality water:

Free of pathogens (in front of the
bird)

* Low levels of minerals (Fe
stimulates E. Coli)

* Correct pH (bactericidal)

ures ybiam
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Viola, Penz and Ribeiro, 2003
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#2: Avoid fasting ew| nutrition

* The opposite of achieving feed intake
* Feed outage
* Changes in feed
* High stocking rates
* Long dark periods
* Thinning, feed withdrawal at processing
e Poor brooding
e Stress (particularly heat stress)
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Fasting negatively impacts digestion and gut health ew| nutrition

* Triggers reverse peristalsis
e Uric acid to caecum (N for Clostridia)
* Microbes from caeca to intestine (dysbacteriosis)

* Has impact on tight junctions:
* Enterocytes - sensitive to energy & protein restriction
* Reduced barrier function - classical “leaky gut”
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#3 Develop the Gizzard ew| nutrition

A well-functioning gizzard:
* Plays role in intake regulation
* Hinders feed overconsumption
* Lowers pH
* Direct impact on feed digestibility

* Finer particles — increased nutrient
uptake

e Coarser particles —finer grind

* Use structured ingredient; whole
grain, fibre

(Jimenez-Moreno et al., 2015)
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#4: Manage ingredients and consistency

* Chick —diminished ability to digest
diet

* Feed quality — should be excellent

 High biological quality (taste, smell,
moisture)

 Manage ingredients (ANF, processing,
screening)

 Correct granulometry (grist & pellet)
e Control varia blllty (multiplicative not additive)
e Use appropriate additives (efficacious and

cost-effective)

However good you think you are —try harder!

ew | nutrition
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Wheat/rye influences caecal microbiota ew| nutrition
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Chart1

		Enterococcus		Enterococcus		Enterococcus		Enterococcus

		Lactobacillus		Lactobacillus		Lactobacillus		Lactobacillus

		Escherichia		Escherichia		Escherichia		Escherichia



100% wheat

66% wheat

33% wheat

0% wheat

Relative abundance

16.7366701834

36.0765664919

38.9657302671

42.7094402455

49.3827134461

35.3724575743

15.6380723432

6.3825202403

8.2825988274

7.3780850891

26.5792857299

25.2867291979



RAAKADATA

		German Trial Analysis																										German Trial Analysis

		Samples: Digesta 1-8																										Samples: Digesta 9-16

		Reversed hybridization 24-26.6.1996																										Reversed hybridization 26-28.6.1996

												Taustaa ei huomioitu								Tausta huomioitu																				Taustaa ei huomioitu								Tausta huomioitu

		Label		Probe		Filter		Type		%Volume		Area  mm²		Volume  counts x mm²		Mean  counts		Maximum  counts		Minimum  counts		Adj Volume  counts x mm²		Concentration				Label		Probe		Filter		Type		%Volume		Area  mm²		Volume  counts x mm²		Mean  counts		Maximum  counts		Minimum  counts		Adj Volume  counts x mm²		Concentration

		G1		Digesta 1		Lactic acid bacteria		Unknown		1.8		46.24		56636		754		3776		69		34849		N/A				G1		Digesta 9		Lactic acid bacteria				2.1		49		212629		2755		9893		632		134987		N/A

		G2				Coliforms		Unknown		0.1		46.24		15956		28		1209		22		1279		N/A				G2				Coliforms				7.6		49		608943		9734		30868		536		476983		N/A		4339.3673469388

		G3				Enterococci		Unknown		0.6		46.24		31304		246		1830		26		11382		N/A				G3				Enterococci				7.1		49		600090		9186		27458		950		450109		N/A

		G4				Broilact		Unknown		0.3		46.24		24034		110		1757		31		5084		N/A				G4				Broilact				2.6		49		221228		3353		13006		351		164314		N/A

		G5				Salmonella		Unknown		0.1		46.24		19423		50		1367		20		2306		N/A				G5				Salmonella				1.3		49		117763		1660		6482		48		81353		N/A

		G6				Clostridium perfringens		Unknown		0.6		46.24		29261		235		2066		92		10881		N/A				G6				Clostridium perfringens				0.7		49		71483		890		4370		115		43625		N/A

		G7				Campylobacter jejuni		Unknown		0.4		46.24		26890		164		1602		22		7571		N/A				G7				Campylobacter jejuni				1		49		94857		1296		5870		85		63500		N/A

		G8				Calf		Unknown		0		46.24		18521		11		1319		35		514		N/A				G8				Calf				0		49		19705		-43		1329		26		-2118		N/A

		G9				Digesta 1		Unknown		0.8		46.24		33529		329		2325		27		15227		N/A				G9				Digesta 9				1.9		49		164658		2473		10523		204		121159		N/A

		G10				Nolla		Unknown		0.1		46.24		14253		25		1071		27		1148		N/A				G10				Nolla				0		49		20857		-53		1490		32		-2586		N/A

		G11		Digesta 2		Lactic acid bacteria		Unknown		1.5		46.24		51316		598		3692		38		27628		N/A				G11		Digesta 10		Lactic acid bacteria				1.4		49		131733		1797		7033		99		88047		N/A

		G12				Coliforms		Unknown		0.6		46.24		30170		264		1660		33		12222		N/A				G12				Coliforms				3.2		49		266101		4130		14870		236		202386		N/A

		G13				Enterococci		Unknown		1.2		46.24		44153		488		3211		72		22580		N/A				G13				Enterococci				2.1		49		180222		2667		9064		41		130707		N/A

		G14				Broilact		Unknown		0.6		46.24		30690		238		2187		79		11000		N/A				G14				Broilact				0.7		49		62907		845		3942		24		41425		N/A

		G15				Salmonella		Unknown		0.1		46.24		20608		39		1318		24		1787		N/A				G15				Salmonella				0.1		49		24269		193		1761		34		9437		N/A

		G16				Clostridium perfringens		Unknown		0.8		46.24		36362		343		2365		44		15863		N/A				G16				Clostridium perfringens				1.4		49		115233		1793		6335		33		87880		N/A

		G17				Campylobacter jejuni		Unknown		0.6		46.24		29844		257		1717		21		11869		N/A				G17				Campylobacter jejuni				0.7		49		69220		951		4291		31		46575		N/A

		G18				Calf		Unknown		0		46.24		17846		-6		1004		20		-276		N/A				G18				Calf				0		49		12073		-21		1093		21		-1046		N/A

		G19				Digesta 2		Unknown		9.4		46.24		223568		3845		13320		221		177780		N/A				G19				Digesta 10				1.2		49		97528		1489		5877		49		72983		N/A

		G20				Nolla		Unknown		0		46.24		17518		-16		1431		21		-726		N/A				G20				Nolla				0		49		17509		2		1181		15		84		N/A

		G21		Digesta 3		Lactic acid bacteria		Unknown		6.7		46.24		162958		2711		9184		203		125372		N/A				G21		Digesta 11		Lactic acid bacteria				1.5		49		146136		1875		7048		167		91867		N/A

		G22				Coliforms		Unknown		0.3		46.24		22585		115		1719		26		5307		N/A				G22				Coliforms				2		49		165964		2561		9832		194		125493		N/A

		G23				Enterococci		Unknown		1		46.24		38070		421		2471		64		19487		N/A				G23				Enterococci				4.3		49		341302		5502		18059		222		269581		N/A

		G24				Broilact		Unknown		0.4		46.24		27690		172		1878		39		7930		N/A				G24				Broilact				0.9		49		79128		1103		4836		89		54023		N/A

		G25				Salmonella		Unknown		0.2		46.24		25113		81		1304		28		3730		N/A				G25				Salmonella				0.3		49		41013		422		2427		31		20659		N/A

		G26				Clostridium perfringens		Unknown		0.7		46.24		33326		304		2327		37		14037		N/A				G26				Clostridium perfringens				0.8		49		75033		1021		3845		128		50035		N/A

		G27				Campylobacter jejuni		Unknown		0.8		46.24		37667		329		2092		94		15212		N/A				G27				Campylobacter jejuni				1		49		87693		1262		4732		99		61858		N/A

		G28				Calf		Unknown		0		46.24		21662		14		1436		22		625		N/A				G28				Calf				-0.1		49		16048		-65		952		23		-3187		N/A

		G29				Digesta 3		Unknown		1.3		46.24		48677		528		3154		28		24433		N/A				G29				Digesta 11				2.2		49		180334		2895		9878		178		141844		N/A

		G30				Nolla		Unknown		0		46.24		19776		7		1433		51		312		N/A				G30				Nolla				0		49		19175		40		1012		19		1957		N/A

		G31		Digesta 4		Lactic acid bacteria		Unknown		2.4		46.24		75808		964		4371		126		44595		N/A				G31		Digesta 12		Lactic acid bacteria				1.4		49		119608		1776		6248		113		87024		N/A

		G32				Coliforms		Unknown		1		46.24		39839		393		2202		34		18153		N/A				G32				Coliforms				1.1		49		95828		1434		6403		110		70282		N/A

		G33				Enterococci		Unknown		0.8		46.24		36141		318		1998		61		14714		N/A				G33				Enterococci				4.6		49		347624		5963		20110		306		292187		N/A

		G34				Broilact		Unknown		0.5		46.24		29951		224		1843		44		10336		N/A				G34				Broilact				0.8		49		75864		1073		4388		35		52559		N/A

		G35				Salmonella		Unknown		0.2		46.24		21678		71		1464		36		3270		N/A				G35				Salmonella				0.2		49		40216		278		2084		25		13611		N/A

		G36				Clostridium perfringens		Unknown		0.5		46.24		29072		208		1854		58		9631		N/A				G36				Clostridium perfringens				0.6		49		65186		816		3770		99		39991		N/A

		G37				Campylobacter jejuni		Unknown		0.4		46.24		26468		160		1729		19		7399		N/A				G37				Campylobacter jejuni				0.5		49		53469		642		2945		30		31434		N/A

		G38				Calf		Unknown		0		46.24		19357		13		1452		15		579		N/A				G38				Calf				0		49		12018		-44		930		21		-2160		N/A

		G39				Digesta 4		Unknown		5.3		46.24		140019		2173		7348		245		100459		N/A				G39				Digesta 12				1.1		49		93477		1352		4953		33		66236		N/A

		G40				Nolla		Unknown		0		46.24		19189		9		1093		32		409		N/A				G40				Nolla				0		49		12925		-1		1013		16		-61		N/A

		G41		Digesta 5		Lactic acid bacteria		Unknown		2.7		46.24		91801		1093		4712		303		50553		N/A				G41		Digesta 13		Lactic acid bacteria				0.8		49		80064		975		4755		109		47778		N/A

		G42				Coliforms		Unknown		0.4		46.24		30659		165		1753		75		7629		N/A				G42				Coliforms				3.2		49		248148		4057		15320		94		198804		N/A

		G43				Enterococci		Unknown		1.8		46.24		60841		747		3372		60		34520		N/A				G43				Enterococci				4.9		49		387991		6272		20273		442		307320		N/A

		G44				Broilact		Unknown		0.4		46.24		24869		147		1676		10		6795		N/A				G44				Broilact				1.6		49		132482		2020		7813		117		98966		N/A

		G45				Salmonella		Unknown		0.1		46.24		19426		22		1291		18		1040		N/A				G45				Salmonella				0.8		49		80745		1019		4598		90		49923		N/A

		G46				Clostridium perfringens		Unknown		0.4		46.24		25958		145		2237		17		6688		N/A				G46				Clostridium perfringens				1.5		49		129467		1912		7716		203		93681		N/A

		G47				Campylobacter jejuni		Unknown		0.3		46.24		24664		141		1410		26		6539		N/A				G47				Campylobacter jejuni				1.1		49		99484		1358		5212		158		66560		N/A

		G48				Calf		Unknown		0		46.24		15565		15		1272		23		681		N/A				G48				Calf				0		49		17341		-17		1152		27		-819		N/A

		G49				Digesta 5		Unknown		0.3		46.24		22772		111		1341		42		5120		N/A				G49				Digesta 13				1.9		49		160754		2498		9776		34		122405		N/A

		G50				Nolla		Unknown		-0.1		46.24		15514		-35		1117		21		-1626		N/A				G50				Nolla				0		49		16754		51		1222		14		2481		N/A

		G51		Digesta 6		Lactic acid bacteria		Unknown		0.7		46.24		31625		267		1883		26		12331		N/A				G51		Digesta 14		Lactic acid bacteria				0.4		49		56271		545		3110		72		26697		N/A

		G52				Coliforms		Unknown		0.2		46.24		20366		100		1392		24		4618		N/A				G52				Coliforms				3.2		49		262804		4143		13379		422		203025		N/A

		G53				Enterococci		Unknown		0.7		46.24		29278		274		1872		30		12670		N/A				G53				Enterococci				3.9		49		310224		5002		16929		324		245100		N/A

		G54				Broilact		Unknown		0.4		46.24		25044		178		1706		36		8241		N/A				G54				Broilact				1		49		90241		1236		4728		98		60569		N/A

		G55				Salmonella		Unknown		0.1		46.24		19602		58		1577		21		2699		N/A				G55				Salmonella				0.3		49		42728		432		2856		31		21147		N/A

		G56				Clostridium perfringens		Unknown		0.9		46.24		35162		352		2413		24		16277		N/A				G56				Clostridium perfringens				0.3		49		37082		372		2171		60		18240		N/A

		G57				Campylobacter jejuni		Unknown		0.3		46.24		23187		135		2105		25		6260		N/A				G57				Campylobacter jejuni				0.4		49		45524		527		2546		36		25824		N/A

		G58				Calf		Unknown		0		46.24		14630		19		1223		20		867		N/A				G58				Calf				0		49		11656		-26		866		10		-1254		N/A

		G59				Digesta 6		Unknown		1.5		46.24		50471		612		3202		87		28287		N/A				G59				Digesta 14				1.2		49		102466		1544		6552		33		75650		N/A

		G60				Nolla		Unknown		0		46.24		17504		1		1681		22		30		N/A				G60				Nolla				0		49		12185		3		1025		16		166		N/A

		G61		Digesta 7		Lactic acid bacteria		Unknown		3.6		46.24		102756		1463		6008		39		67661		N/A				G61		Digesta 15		Lactic acid bacteria				0.3		49		38923		359		2620		23		17569		N/A

		G62				Coliforms		Unknown		2		46.24		70734		821		3775		37		37943		N/A				G62				Coliforms				0.7		49		67306		890		3891		29		43630		N/A

		G63				Enterococci		Unknown		17.7		46.24		417646		7196		20197		166		332756		N/A				G63				Enterococci				5.2		49		402220		6690		19738		212		327795		N/A

		G64				Broilact		Unknown		1.6		46.24		57921		643		3222		78		29715		N/A				G64				Broilact				0.8		49		79716		976		4184		101		47841		N/A

		G65				Salmonella		Unknown		0.1		46.24		18558		41		1543		20		1886		N/A				G65				Salmonella				0.3		49		41556		364		2442		71		17830		N/A

		G66				Clostridium perfringens		Unknown		1		46.24		40341		416		2389		74		19233		N/A				G66				Clostridium perfringens				0.5		49		55878		636		3373		51		31147		N/A

		G67				Campylobacter jejuni		Unknown		0.7		46.24		33123		304		2032		68		14065		N/A				G67				Campylobacter jejuni				0.1		49		29400		121		1675		28		5915		N/A

		G68				Calf		Unknown		0.1		46.24		18798		25		1719		33		1155		N/A				G68				Calf				-0.1		49		18921		-66		1205		27		-3240		N/A

		G69				Digesta 7		Unknown		5.5		46.24		141729		2222		8998		169		102759		N/A				G69				Digesta 15				1.6		49		145569		2099		7340		215		102836		N/A

		G70				Nolla		Unknown		0		46.24		19503		-8		2576		28		-349		N/A				G70				Nolla				0		49		18212		-39		1186		24		-1897		N/A

		G71		Digesta 8		Lactic acid bacteria		Unknown		4		46.24		105457		1612		7107		74		74522		N/A				G71		Digesta 16		Lactic acid bacteria				0.3		49		155953		417		5437		1206		20456		N/A

		G72				Coliforms		Unknown		0.6		46.24		28733		255		2394		14		11805		N/A				G72				Coliforms				2.3		49		291157		2950		11580		1426		144534		N/A

		G73				Enterococci		Unknown		2		46.24		58420		797		3749		71		36836		N/A				G73				Enterococci				1.3		49		191399		1644		7895		767		80578		N/A

		G74				Broilact		Unknown		1		46.24		37245		426		2288		41		19690		N/A				G74				Broilact				0.2		49		130031		227		6053		553		11110		N/A

		G75				Salmonella		Unknown		0.2		46.24		18935		72		1398		32		3326		N/A				G75				Salmonella				0.3		49		199921		343		6681		2224		16827		N/A

		G76				Clostridium perfringens		Unknown		0.7		46.24		31864		279		1929		27		12887		N/A				G76				Clostridium perfringens				0.3		49		210258		335		6417		2252		16396		N/A

		G77				Campylobacter jejuni		Unknown		0.8		46.24		34527		322		2570		28		14891		N/A				G77				Campylobacter jejuni				0.4		49		199708		454		7180		2077		22267		N/A

		G78				Calf		Unknown		0		46.24		18273		18		1239		30		837		N/A				G78				Calf				-0.3		49		119178		-376		4581		712		-18412		N/A

		G79				Digesta 8		Unknown		5.1		46.24		132591		2087		9373		203		96504		N/A				G79				Digesta 16				1.2		49		210399		1600		8144		1441		78417		N/A

		G80				Nolla		Unknown		0		46.24		19431		7		1074		12		332		N/A				G80				Nolla				0.1		49		104473		110		4240		806		5377		N/A

																																				100.3
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				Enterococci		Lactic acid bacteria		Coliforms		Salmonella		Clostridium perfringens		Campylobacter jejuni		Nolla		Calf thymus		Digesta 9		Broilact

		Diet 1		31304		56636		15956		19423		29261		26890		14253		18521		33529		24034

		Diet 2		44153		51316		30170		20608		36362		29844		17518		17846		223568		30690

		Diet 3		38070		162958		22585		25113		33326		37667		19776		21662		48677		27690

		Diet 4		36141		75808		39839		21678		29072		26468		19189		19357		140019		29951

		Diet 5		60841		91801		30659		19426		25958		24664		15514		15565		22772		24869

		Diet 6		29278		31625		20366		19602		35162		23187		17504		14630		50471		25044

		Diet 7		417646		102756		70734		18558		40341		33123		19503		18798		141729		57921

		Diet 8		58420		105457		28733		18935		31864		34527		19431		18273		132591		37245

		Diet 9		600090		212629		608943		117763		71483		94857		20857		19705		164658		221228

		Diet 10		180222		131733		266101		24269		115233		69220		17509		12073		97528		62907

		Diet 11		341302		146136		165964		41013		75033		87693		19175		16048		180334		79128

		Diet 12		347624		119608		95828		40216		65186		53469		12925		12018		93477		75864

		Diet 13		387991		80064		248148		80745		129467		99484		16754		17341		160754		132482

		Diet 14		310224		56271		262804		42728		37082		45524		12185		11656		102466		90241

		Diet 15		402220		38923		67306		41556		55878		29400		18212		18921		145569		79716

		Diet 16		191399		155953		291157		199921		210258		199708		104473		119178		210399		130031

				Nolla vähennetty

																Calf thymus		Summat		+ Calf		Calf thymus		Digesta 9		Nolla		Broilact		Summa %

		Diet 1		17051		42383		1703		5170		15008		12637		4268		93952		98220		4268		19276		0		9781		487.4040257315

		Diet 2		26635		33798		12652		3090		18844		12326		328		107345		107673		328		206050		0		13172		52.0965785004

		Diet 3		18294		143182		2809		5337		13550		17891		1886		201063		202949		1886		28901		0		7914		695.6956506695

		Diet 4		16952		56619		20650		2489		9883		7279		168		113872		114040		168		120830		0		10762		94.2414963171

		Diet 5		45327		76287		15145		3912		10444		9150		51		160265		160316		51		7258		0		9355		2208.1151832461

		Diet 6		11774		14121		2862		2098		17658		5683		0		54196		54196		-2874		32967		0		7540		164.394697728

		Diet 7		398143		83253		51231		0		20838		13620		0		567085		567085		-705		122226		0		38418		463.964295649

		Diet 8		38989		86026		9302		0		12433		15096		0		161846		161846		-1158		113160		0		17814		143.0240367621

		Diet 9		579233		191772		588086		96906		50626		74000		0		1580623		1580623		-1152		143801		0		200371		1099.1738583181

		Diet 10		162713		114224		248592		6760		97724		51711		0		681724		681724		-5436		80019		0		45398		851.952661243

		Diet 11		322127		126961		146789		21838		55858		68518		0		742091		742091		-3127		161159		0		59953		460.4713357616

		Diet 12		334699		106683		82903		27291		52261		40544		0		644381		644381		-907		80552		0		62939		799.9565498063

		Diet 13		371237		63310		231394		63991		112713		82730		587		925375		925962		587		144000		0		115728		642.6215277778

		Diet 14		298039		44086		250619		30543		24897		33339		0		681523		681523		-529		90281		0		78056		754.8908408192

		Diet 15		384008		20711		49094		23344		37666		11188		709		526011		526720		709		127357		0		61504		413.0208783184

		Diet 16		86926		51480		186684		95448		105785		95235		14705		621558		636263		14705		105926		0		25558		586.7851141363

				% summasta

						enterococci		lactic acid bacteria		coliforms		Salmonella		Clostridium		Campylobacter				Summat		+ Calf		Calf thymus %

		Diet 1		Soya oil		18		45		2		6		16		13		100		100		105		4.3453471798

		Diet 2		Soya oil + Az		25		31		12		3		18		11		100		100		100		0.3046260437

		Diet 3		Tallow		9		71		1		3		7		9		100		100		101		0.9292975082

		Diet 4		Tallow + Az		15		50		18		2		9		6		100		100		100		0.147316731

						17		49		8		3		12		10

						enterococci		lactic acid bacteria		coliforms		Salmonella		Clostridium		Campylobacter

		Diet 5		Soya oil		28		48		9		2		7		6		100		100		100		0.031812171

		Diet 6		Soya oil + Az		22		26		5		4		33		10		100		100		100		0

		Diet 7		Tallow		70		15		9		0		4		2		100		100		100		0

		Diet 8		Tallow + Az		24		53		6		0		8		9		100		100		100		0

						36		35		7		2		13		7

						enterococci		lactic acid bacteria		coliforms		Salmonella		Clostridium		Campylobacter

		Diet 9		Soya oil		37		12		37		6		3		5		100		100		100		0

		Diet 10		Soya oil + Az		24		17		36		1		14		8		100		100		100		0																Enterococcus		Lactobacillus		Escherichia		Salmonella		Clostridium		Campylobacter

		Diet 11		Tallow		43		17		20		3		8		9		100		100		100		0														100% wheat		17		49		8		3		12		10

		Diet 12		Tallow + Az		52		17		13		4		8		6		100		100		100		0														66% wheat		36.0765664919		35.3724575743		7.3780850891		1.5780228914		12.6137556152		6.9811123381

						39		16		27		4		8		7																						33% wheat		38.9657302671		15.6380723432		26.5792857299		3.5751176069		8.2937802283		6.9480138245

						enterococci		lactic acid bacteria		coliforms		Salmonella		Clostridium		Campylobacter																						0% wheat		42.7094402455		6.3825202403		25.2867291979		7.79772567		10.0033521044		7.8202325418

		Diet 13		Soya oil		40		7		25		7		12		9		100		100		100		0.0633935302

		Diet 14		Soya oil + Az		44		6		37		4		4		5		100		100		100		0

		Diet 15		Tallow		73		4		9		4		7		2		100		100		100		0.1346066221

		Diet 16		Tallow + Az		14		8		30		15		17		15		100		100		102		2.3111512063

						43		6		25		8		10		8

		EFFECT OF FAT AND GRAIN COMPOSITION OF THE DIET ON THE RELATIVE ABUNDANCE OF MICROBES IN THE CAECUM
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						enterococci		lactic acid bacteria		coliforms		Salmonella		Clostridium		Campylobacter

		Diet 1		Soya oil		18		45		2		6		16		13		100												EFFECT OF DIET ON THE PROPORTION OF "BENEFICIAL" AND "HARMFUL" BACTERIA

		Diet 2		Soya oil + Az		25		31		12		3		18		11		100												IN THE CAECAL DIGESTA

		Diet 3		Tallow		9		71		1		3		7		9		100

		Diet 4		Tallow + Az		15		50		18		2		9		6		100

						enterococci		lactic acid bacteria		coliforms		Salmonella		Clostridium		Campylobacter

		Diet 5		Soya oil		28		48		9		2		7		6		100

		Diet 6		Soya oil + Az		22		26		5		4		33		10		100

		Diet 7		Tallow		70		15		9		0		4		2		100

		Diet 8		Tallow + Az		24		53		6		0		8		9		100

						enterococci		lactic acid bacteria		coliforms		Salmonella		Clostridium		Campylobacter

		Diet 9		Soya oil		37		12		37		6		3		5		100

		Diet 10		Soya oil + Az		24		17		36		1		14		8		100

		Diet 11		Tallow		43		17		20		3		8		9		100

		Diet 12		Tallow + Az		52		17		13		4		8		6		100

						enterococci		lactic acid bacteria		coliforms		Salmonella		Clostridium		Campylobacter

		Diet 13		Soya oil		40		7		25		7		12		9		100

		Diet 14		Soya oil + Az		44		6		37		4		4		5		100

		Diet 15		Tallow		73		4		9		4		7		2		100

		Diet 16		Tallow + Az		14		8		30		15		17		15		100

						Others		LAB

		Diet 1		Soya oil		55		45		100

		Diet 2		Soya oil + Az		69		31		100

		Diet 3		Tallow		29		71		100

		Diet 4		Tallow + Az		50		50		100

						Others		LAB

		Diet 5		Soya oil		52		48		100

		Diet 6		Soya oil + Az		74		26		100

		Diet 7		Tallow		85		15		100

		Diet 8		Tallow + Az		47		53		100

						Others		LAB

		Diet 9		Soya oil		88		12		100

		Diet 10		Soya oil + Az		83		17		100

		Diet 11		Tallow		83		17		100

		Diet 12		Tallow + Az		83		17		100

						Others		LAB

		Diet 13		Soya oil		93		7		100

		Diet 14		Soya oil + Az		94		6		100

		Diet 15		Tallow		96		4		100

		Diet 16		Tallow + Az		92		8		100
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						enterococci		lactic acid bacteria		coliforms		Salmonella		Clostridium		Campylobacter

		Diet 1		Soya oil		18		45		2		6		16		13		100

		Diet 2		Soya oil + Az		25		31		12		3		18		11		100

		Diet 3		Tallow		9		71		1		3		7		9		100

		Diet 4		Tallow + Az		15		50		18		2		9		6		100
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		Diet 8		Tallow + Az		24		53		6		0		8		9		100
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		Diet 9		Soya oil		37		12		37		6		3		5		100

		Diet 10		Soya oil + Az		24		17		36		1		14		8		100

		Diet 11		Tallow		43		17		20		3		8		9		100

		Diet 12		Tallow + Az		52		17		13		4		8		6		100
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		Diet 14		Soya oil + Az		44		6		37		4		4		5		100
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#5: Manege protein supply ew| nutrition

Google’s DeepMind Alpha Fold: Al determines protein structure Dl
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Protein influences the gut and its microflora

* Gut responds to high protein
starter diets.

* Microflora — specific requirements:

e E. Coli—synthesis of all AA - only
usable sugar and minerals required.

 Lactobacilli complex AA requirement
- use 3 -6 % of AA.

* Clostridia — particularly responsive to
Lys.

ew | nutrition
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Carry over from starter to end

(Ilvanovich et al., 2017)

Die Lvsine Intestine
( ?k y) Body Weight Length Body Weight FCR
E/%6 10d (g) 10 d 39d (g 39 d
(cm)
11.9 157¢ 106P 1956P 1.80
12.8 169P 107° 1985 1.79
13.7 1902 1122 20942 1.74

ew | nutrition
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Protein

Yet — surplus has severe
consequences:
* Negative effect on gut health

* Reduces efficiency of utilisation
(makes production less sustainable)

* Direct impact on the environment

ew | nutrition
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Protein influences the composition of microbiota ew| nutrition

Protein bypassing the small intestine

* May originate from:

e Resistant or surplus protein of
dietary origin
* Microbial protein

* Endogenous protein & intestinal
damage

* Fermentation - harmful
metabolites

° Sti.mulates proteolytic ba Cte rla —_— s:is;tlj;d!:tr;\dps;;rlrl(ﬁincs;;sbf:\Igstreic':tza;gg)lér gra-positie bacilli with roundedl
principally C. perfringens

A
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(Ferket et al., 2002; Apajalahti et al., 2016;Cowieson and Roos, 2016)



# 6 Use additives

" ENHANCE
FEED
INTAKE

AFFECT N\
THE HEALTH

STATUS OF
LIVESTOCK

PHYTOGENIC
FEED
ADDITIVE

ALTER
METABOLISM

FEED

ADDITIVES

" FACILITATE
' DIGESTION &
L. ABSORPTION

PROMOTE
GROWTH &
PRODUCTION

ENHANCE
QUALITY &
ACCEPTABILITY
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Additives have modifying properties ew | nutrition

» Additives replace antibiotics and/or enhance gut health
* AGP’s masked imbalances in microflora
e Still don't fully understand their mode of action om0

e Additives — mostly modify the microbiota
* lonophores, pro-biotics, pre-biotics, enzymes

 Some modify enterocytes
* Betaine, nucleotides, enzymes, VFA's

B~
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Additives alter gut microbiota ew| nutrition

N Control I Antibiotics '

Starter Phase  Grower Phase  Finishing Phase Starter Phase  Grower Phase Finishing Phase Starter Phase  Grower Phase  Finishing Ph&:u

100%= 100%- 100%-=

66%= 66%= 66%"

33%-= 33%-

33%-=

Maturity of gut microbiota

Day:0 10 20 30 40 Day:0 10 20 30 40 Day:0 10 20 30 40
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(Gao et al., 2017)



#7 Use plant extracts (phytogenics) ew | nutrition

* Essential oil extracted from plants RS

(flowers, leaves, roots, fruit)

e Sum of constituent volatiles

e 2 — 3 compounds account for 80%
of any mixture in a plan

* Phenols (thymol, carvacrol, B-
cymene) found in oregano

e Other plants — garlic, turmeric,
thyme, black pepper

A
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Plant extracts have diverse properties ew | nutrition

e Specific mechanisms - better
understood and refined:

* Antibacterial properties — reduce
pathogenic load

* Improve the body’s antioxidative
stability

* Improve microbial composition and
metabolic function zweta, 2019)

e Support the host immune system

e Reduce inflammation, and support tight
junctions

Enhance nutrient uptake
Improve performance
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#8 Use enzymes - they are very effective ew| nutrition

* Perhaps the most effective tool at
our disposal:

* Enhance digestibility

* Reduce viscosity of the digesta
(NSP’s)

* Have a prebiotic effect (butyrate
production)

* Deprive microbiota of nutrients

* Change bacterial species distribution

* |[nactivate anti-nutrients

* Modify gut structure (reduce
inflammation/stress)
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Complimentary Enzymes and Protein

Xylanase: ﬁ:’

: B
Cage Effect @?
e ® P His P
Ca Met Ca
» Inositol )
Arg ring r
Lys
Zn* Mg*
P Fe™ P-
Phytase:

Electrostatic bonds

Protease:
Breaks peptide bonds

ew | nutrition

B Mannase, phytase:
- Reduce inflammation

- Prevent endogenous loss

Endo-fi-(1.4)-D-xylanase
H ¢ H H H
Q O Q
H = H H
H H H H H H OH
Xylanase, pectinase:
Reduce viscosity
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# 9 Control Anti-Nutritional Factors ew | nutrition

There are a number of classes of

ANF to consider: o

e Food proteins and non-starch S

polysaccharides (NSP) e

. . Phytoestrogens
e Metabolites - mycotoxins, Anti
) Nutritional

gizzerozene Factors o
* Invading pathogens el Sapacks
* GIT microbiota and the toxins that 'y .

they secrete S foctos 05

Factors

07 06
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Control ANFs

e Prevent rather than cure

 ANF may be reduced by managing
ingredients

* Select the correct ingredients (corn
versus wheat)

e Screen and clean incoming product
(broken and moldy grain)

* Ensure heat processing is correct
(protein sources)

* Deactivate ANF’s using endogenous
enzymes

e Some ANFs are heat labile and
refractory to enzymes

ew | nutrition
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#10 Control coccidiosis

* Normally considered to be a
veterinary matter

e But — control often falls into
nutritionists’ hands

* Cocci - damaged gut epithelium

* Increased supply of endogenous
protein

* Exacerbates necrotic enteritis (NE).

e Simple, effective programs
required.

Eimeria spp
Life Cycle

Oocysts hatch and invade
intestinal tissue, causing damage,
and creating more oocysts

ew | nutrition

Infected bird sheds noninfective oocysts
(eggs) in feces, contaminating
the environment

Oocysts sporulate
and become infective

Other birds ingest infective oocysts
while drinking / eating

I\
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lonophores are used in coccidiosis control ew | nutrition

 Removal of ionophores — a real challenge

e Apart from cocci control - many have antibacterial activity

* Considered as ‘feed additives’ in Europe, ‘antibiotics’ in the USA
* Of no importance in human medicine

* Hydrophobic ionophores penetrate Gram-positive bacteria

* Interfering with ion transport weoeo, s
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Some Take Home Messages ew | nutrition
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Gut-friendly diets and feeding

* Mostly — only prevent GIT issues;
can’t fix them

 Meet nutrient requirements of both
GIT & bacteria

* Reduce level of undigested material

 Select ingredients and additives
judiciously

* Aspire to minimise the content of
ANF

* Enzymes will likely play a key role

ew | nutrition
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Gut-friendly diets and feeding ew | nutrition

* Achieve early intake of high
protein diets.

* Maintain gizzard function _'.I_u:,-.f..ii‘r.}l::_-lyh;;NilmhLMM_r*;__:,,l;,:-.i‘;
(particles, fibre). S = ST

L : iR | |

* Maintain constant GIT chemistry oy || B | .
(pH, substrates) .. B s
* “Seed” the microbiota with TSN

beneficial’s.

* Manage inflammation & tight
junctions.
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“Good gut health
is the best growth promoter”
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THANK YOU!
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