Os desafios da cadeia de producao
de leite: da reproducao a producao

José Eduardo P. Santos

Department of Animal Sciences
University of Florida

Pictures by Bonnie Mohr http://www.bonniemohr.com/

@ GONEXAO | DISSEMINANDO LY e
= CONHECIMENTO TEATRO RI0 VERMELHO
PECUARIA | nous Techobeiss

UF | UNIVERSITY of

DE REPRODUGAO ANIMAL APLICADA




Recent Evolution of Reproduction in Holsteins
and Jerseys in the USA
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increased P/Al 6-
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and reduced calving
interval 16 days in
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S
Timeline Management of Dairy Cows For Successful Transition

Provide Proper Comfort and Heat Abatement

2. Close up

Move based on days pregnant -
255 days of gestation

Proper grouping
Vaccination program

1. Dry off Feed diets to minimize metabolic
disorders in early lactation.

5. High group
Feed diets that
maximize milk

230 days of gestation production and

Proper body condition 4. Early Postpartum recovery of body
Control of mastitis Monitor health for early condition
Routine hoof trimming diagnosis of diseases

and treatment.

Feed diets that do not
limit intake.

Vaccination program

Proper diet to avoid over and
under consumption of

nutrients Control ketosis.
-45d ‘ -21d ‘ ‘ > 28 DIM

_ 0to28d
Calving

3. Parturition
Training of personnel
Minimize intervention
Reduce calving related disorders

Day Relative to Calving


Notas do Presenter
Notas de apresentação
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Days in Close Up Pen and Morbidity

18,657 Holstein cows
2 herds, 3 calendar years
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Holstein Cows at Peak Production

Average Holstein cow peaks at 45 kg/day

« Maintenance energy required: 15 Mcal/d of ME
« Energy for milk synthesis 55 Mcal of ME/d

« Total energy needed = 70 Mcal of ME/d

 Therefore, consuming at 4.6 times
maintenance

Selz-Pralle Aftershock peaked at 123 kg/day

* Maintenance energy required: 16 Mcal/d of ME
« Energy for milk synthesis 134 Mcal of ME/d

« Total energy needed = 150 Mcal of ME/d

 Therefore, consuming at 9.3 times
maintenance

Santos et al. (2010) Reprod. Dom. Rum. VII:387-404 ©



Risk factors for resumption of estrous cycles by 65 days postpartum and
pregnancy at 1st Al in lactating dairy cows

Variable Cyclic, % (n/n) Adjusted OR (95% CI) P value

BCS change from calving to 65 DIM

Lost 1 unit or more 58.7 (279/475) Referent -
Lost < 1 unit 74.6 (2,507/3,361) 1.96 (1.52, 2.52) < 0.001
No change 80.9 (2,071/2,560) 2.39 (1.74, 3.28) < 0.001
Milk yield in the first 90 DIM
Q1, 32.1 kg/d 72.7 (1,011/1,390) Referent -
Q2, 39.1 kg/d 77.6 (1,204/1,552) 1.34 (1.13, 1.60) <0.01
Q3, 43.6 kg/d 77.6 (1,350/1,739) 1.36 (1.15, 1.62) < 0.001
Q4, 50.0 kg/d 75.3 (1,292/1,715) 1.21 (1.02, 1.43) 0.04
Variable Pregnant, % (n/n) Adjusted OR (95% CI) P value
BCS change from calving to 65 DIM
Lost 1 unit or more 28.9 (132/472) Referent
Lost < 1 unit 37.3 (1204/3230) 1.42 (1.13,1.79) < 0.01
No change 41.6 (1008/2422) 1.69 (1.32, 2.17) < 0.001
Milk yield in the first 90 DIM
Q1, 32.1 kg/d 37.2 (496/1,334) Referemt
Q2, 39.1 kg/d 38.9 (576/1,481) 1.06 (0.91, 1.24) 0.42
Q3, 43.6 kg/d 39.3 (652/1,661) 1.09 (0.93, 1.26) 0.26
Q4, 50.0 kg/d 37.6 (620/1,648) 1.03 (0.88, 1.21) 0.65

\

Santos et al. (2009) Anim. Reprod. Sci. 110: 207-221



Cells in the Hypothalamus Require Glucose
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S
Plasma LH Pulsatility in Sheep Infused with 2-

Deoxy-D-Glucose or Saline in the 4t Ventricle
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Notas do Presenter
Notas de apresentação
2-Deoxy-d-glucose is a glucose molecule which has the 2-hydroxyl group replaced by hydrogen, so that it cannot undergo further glycolysis. 

2-DG can compete with glucose to bind hexokinase (the first rate-limiting enzyme of glycolysis) in cells competing for the enzyme, which results in in competitive inhibition of the production of glucose-6-phosphate from glucose.

It also inhibits phosphoglucoisomerase in the step 2 of glycolysis, thus reducing the conversion of G6P to fructose.
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If Energy Balance is a Major Drive of Reproductive Success in Dairy
Cows, then the Focus Should be on Intake and not Milk Yield
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Take Home Message

v" Avoid excessive body condition loss with the onset of
lactation

v Ideally, cows should not lose more than 0.5 units of
body condition from the week before calving to first Al

Important that cows and heifers do not calve
overconditioned







ECC — Area Pélvica Vista de Lado

3.25 ou mais



ECC — Area Pélvica Vista de Lado




ECC — Area Pélvica Vista de Tras
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ECC — Area Pélvica Vista de Tras
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Escore de Condi¢cao Corporal

Muito magra Ideal Muito gorda
3.00 a 3.50



Morbidity is a Problem of Early Lactation
Cows

100 1 Metritis B N = 753 cows with metritis in dairy =
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Ribeiro et al. (2016) J. Dairy Sci. 99: 2201-2220



Por Que a Incidéncia de Doencas
e Alta em Vacas Leiteiras?
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Vacas no Periodo de Transicao Tem que
ser Alojadas em Lotes Subpopulados
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Estresse Calorio Durante o Periodo Seco

T . T




Estresse Caldrico e Hipertermia Durante o Periodo Seco Resulta
em Inumeros Efeitos Deletérios na Vaca e na Bezerras

Reduz 3-5 kg/d durante toda
a lactacao

(ITu>68, ultimas 6 a 8

Estress calérico no
PERIODO SECO
semanas de gestagdao

Reduz 4 kg/d durante
a 12 lactagao

* Reduz peso ao nascer (-4.5 kg) + Reduz ingestdo de concentrado
* Reduz absorcao de IgG  Reduz ganho de peso
Compromete imunidade « Aumenta descarte

Tao et al., 2011; Tao and Dahl, 2013; Monteiro et al., 2016; Laporta et al., 2017

UF FrORIA



50 7

O = sem resfriamento
A = resfriamento no periodo seco inicial apenas

¢ = resfriamento no pré-parto apenas

O = resfriamento em todo periodo seco

Produccéo de leite, kg/d

15 = T T T T T T
1 5 9 13 17 21 25

Semana relativa ao parto

Fabris et al. (2019) J. Dairy Sci. 102:5647-5656

29

28



Distocia




Loquia Normal e Descarga Uterina em Caso de Metrite
| | NUNGE Sa—_

Credit to Dr. Segundo Casaro



Disease Reduces Nutrient Balance

v Control/Fed e

» Fed ad libitum and not challenged

~ v Control/Fasted

» Fasted for 72 h (-14 to +58 hours relative to challenge) and not challenged

" v Challenge/Fed

» Fed ad libitum and underwent intra-tracheal challenge with M. haemolytica

_ v Challenge/Fasted

» Fasted for 72 h (-14 to +58 hours relative to challenge) and underwent intra-
tracheal challenge with M. haemolytica

Burciaga-Robles PhD Dissertation (2009)



wo Conditions that Induce Systemic
Inflammatory Responses




Amino acid flux, mmol/h

Amino Acid Hepatic Flux in Steers Without (Control) or with
(Challenge) an Intratracheal Challenge with M. haemolytica

Difference of 2.6
<€ moles/day = ~ 380 g of
AA for a 400 kg steer

At 0.67 efficiency, this is equivalent to
the true protein in 8 kg of milk (18 Ibs)

40

Disease effect, P =0.02
m Control SEM = 45.4

m Challenge )

N
o
1

Disease effect, P = 0.03
SEM =28.5

-60 -
-80 - _
Disease effect, P =0.11
SEM =19.6
-100 A —
120 Essential amino acids Non essential amino acids Total amino acids

Burciaga-Robles PhD Dissertation (2009)


Notas do Presenter
Notas de apresentação
The small font and lack of bolding makes the labels and tests of significance difficult to read.


Disease Influences Development to Morula
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Ribeiro et al. (2016) J. Dairy Sci. 99:2201-2220



Effect of treatment on endometrial polymorphonuclear cells, incidence of endometritis,

rectal temperature, and conceptus development in lactating Holstein cows receiving

artificial insemination

_ CON INF SEM P-value
8.2 19.8 18 < 0.01
20.9 81.9 6.7 < 0.01
38.5 38.5 0.1 0.65
53.9 57.3 13.6 0.85
14.7 8.9 16 0.02
269.7 57.4 109.3 0.05

I'Holstein cows at 26 + 3 days postpartum were blocked by parity and genomic breeding value for cow conception rate and, within block,
assigned randomly to remain as controls (CON; n = 23) or to receive an intrauterine infusion of 5.05 x 108 colony-forming units (CFU)
Escherichia coli and 3.65 x 108 CFU Trueperella pyogenes during a luteal phase to induce endometrial inflammation (INF; n = 34).
Concepti recovered on d 16 of pregnancy were 8 CON and 11 INF.

2 Polymorphonuclear cells in endometrial cytology collected on d 2 and 7 after treatment.

3Based on > 10% of polymorphonuclear cells in endometrial cytology.

4Pregnancy per Al on d 16, based on detection of interferon-tau in the uterine flush fluid.

s :
Length of the intact conceptuses recovered. Husnain et al. (2022) Biol. Reprod. (submitted)



Impact of uterine diseases on reproduction in cows receiving only embryo transfer (ET)

Disease
ltem No uterine disease Uterine disease P-value
Cows, n 269 464 —
21-d service rate 61.9 (496/801) 54.9 (1065/1938) 0.007
Pregnancy per ET 46.4 (229/494) 36.2 (386/1065) 0.02
21-d pregnancy rate 28.6 (229/801) 19.9 (386/1938) < 0.001

1001

Proportion nol pregnant, %

0 50 100

150

Day postpartum

3000

Median days to pregnancy and 95% ClI
No UTD = 87 (81 to 102)

UTD = 119 (111 to 128)
Adjust HR = 0.65 (0.55 to 0.77)

Edelhoff et al. (2020) J. Dairy Sci. 103:11970-11987



Take Home Message
v'Stimulate DM intake

v" Intake influences nutrient balance that is critical for resumption of
ovarian cyclicity

v Cyclic cows have increased estrous expression, pregnancy per Al,
and improved maintenance of pregnancy

v'Minimize disease

v Disease causes inflammation and tissue damage, which alters
function

v" Alters partition of nutrients to favor control of infection and tissue
repair in place of tissue accretion

v" The priority shifts from production/growth to survival

v’ Creates long-term negative effects on reproduction



Diet Formulation to Improve
Reproduction

Focus on 2 important concepts

v'Formulate diets that reduce the risk of diseases

v'Supplement diets with nutrients shown to benefit
reproduction in cows



Mechanisms of Acidogenic Diets to Prevent Hypocalcemia
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Notas do Presenter
Notas de apresentação
Mechanisms of metabolic acidosis influencing Ca homeostasis in bovine. Panel A, negatively charged proteins, mainly albumin, is normally bound to cations such as Ca2+ and H+. During metabolic acidosis, the increased concentration of H+ competes with Ca2+ to bind to those proteins, and Ca2+ is release. Moreover, Ca binds to anions, such as bicarbonate, and the reduced concentration of bicarbonate during metabolic acidosis results in increased concentration of Ca2+ in blood. Panel B, in the Chief cells of the parathyroid gland, metabolic acidosis increases the synthesis and release of parathyroid hormone (PTH). Panel C, tissue responsiveness to PTH is increased during metabolic acidosis; conformational changes in the receptor increases the ability of PTH to bind, thereby, increasing the effects of PTH on target cells. Panel D, in the proximal tubule cells of the kidney, PTH stimulates the expression of 1α-hydroxylase in the mitochondria resulting in greater conversion of 25-hydroxyvitamin D3 to 1,25-dihydroxyvitamin D3. In the distal convoluted tubule, 1,25-dihydroxyvitamin D3 stimulates the expression of transient receptor potential vanilloid 5 (TRPV5), calbindin D28k, sodium Ca exchanger 1 (NCX1), which is expected to increase reabsorption of Ca from the urinary filtrate; however, the resulting tubular acidosis induced by increased concentration of H+ in the filtrate blocks the transport of Ca across the TRPV5 resulting in increased urinary loss of Ca. Panel E, absorption of Ca in the gastrointestinal tract (GIT) differs between the rumen and small intestine (see Figure 1). In the small intestine, 1,25-dihydroxyvitamin D3 increases the expression of TRPV6, calbindin D9k, NCX1, and claudins 2/12; consequently, transcellular and paracellular transport of Ca is increased. Effects of 1,25-dihydroxyvitamin D3 on pre-intestinal absorption of Ca remains to be elucidated. Panel F, increased concentration of H+ stimulates prostaglandin (PG) E synthesis by osteoblast which stimulates receptor activator of nuclear factor κβ ligand (RANKL) synthesis in adjacent osteoblasts. Additionally, PTH and 1,25-dihydroxyvitamin D3 stimulate RANKL expression and suppress the expression of osteoprotegerin (OPG). Reduced OPG allows RANKL to bind to RANK on osteoclast precursors and promote maturation of those cells. Mature osteoclasts are stimulated by 1,25-dihydroxyvitamin D3 promoting expression of carbonic anhydrase II (CAII), which produces bicarbonate and H+ from water and carbon dioxide. The increased H+ is secreted into the bone lacunae which facilitates collagen degradation by cathepsin K releasing Ca2+ from bone.



Effect of DCAD on Risk of Retained Placenta
or Metritis
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Typical Lactating Cow Diet

24 kg of dry matter intake (53 Ib/d)
Each rectangle represents 1 or 0.5 kg of DM of the diet
Production of 41 kg of milk with 3.70% fat and 3.20% protein (95 Ibs of ECM)

Low quality forage - inclusion is limited
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Typical Lactating Cow Diet

24 kg of dry matter intake (53 Ib/d)
Each rectangle represents 1 or 0.5 kg of DM of the diet
Production of 41 kg of milk with 3.70% fat and 3.20% protein (95 |Ibs of ECM)

High-quality forage > feed 50 to 60% of the TMR as forage

Corn Corn Corn Corn Corn Corn Corn Corn
Byprod | Byprod |Byprod | Byprod | Byprod |Byprod |Byprod | Byprod
uct uct uct uct uct uct uct uct

Prot |Prot |Prot |Prot |Prot |Prot |Prot -




Corn Silage Quality in Transition Cow Diets
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Stone et al. (2012) J. Dairy Sci. 95 :6665-6676



Meta-Analysis of Lipid Supplementation During the
Transition Period

v 17 experiments and 26 comparisons with 1,385 cows
v' 7 different fat sources

v’ Effects of lipid supplementation
v' 27% increase in risk of pregnancy per Al (e.g. 32 vs. 40%)
v Days open tended to be reduced
v Milk yield tended to increase
v Concentration of milk fat unchanged and milk protein tended to decrease
v" Body weight unchanged

Diets for early lactation cows should contain 1 to 1.5%
supplemental fat to result in 4 to 5% total fatty acids (DM basis)

Rodney et al. (2015) J. Dairy Sci. 98:5601-5620
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Effect of DCAD on Yields of Milk and FCM
According to Parity
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Bovine Conceptus Changes its Gene and Protein
Expression to Allow Maintenance of Preghancy

Ovoid Tubular Filamentous

Downregulation of genes that alert the
maternal immune system

Tolerance to conceptus alloantigens

Ribeiro et al. (2016) Biol. Reprod. (2016) 94(4):97, 1-18


Notas do Presenter
Notas de apresentação
Complement Decay Accelerating Factor (DAF) regulates the complement system on the cell surface
It recognizes C4b and C3b fragments that are created during C4 (classical complement pathway and lectin pathway) and C3 (alternate complement pathway) activation and prevents the formation of membrane attack complex (MAC). 

The membrane attack complex (MAC) or terminal complement complex (TCC) is a structure formed on the surface of pathogenic bacterial cells as a result of the activation of the complement system. MAC forms transmembrane channels that disrupt the cell membrane of target cells, leading to cell lysis and death.

Complement component 3 is a protein of the immune system that is important for innate immunity.


Supplement Moderate Amounts of Fat to

e CON ==lll=80:10 ==se=70:20 =li=60:30

Postpartum Diets
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56 cows, 14/treatment
CON = control, no fat supplementation
Fatty acids supplemented at 1.5% of diet DM with different ratios of C16:0 to C18:1

Diets fed for the first 21 DIM
de Souza et al. (2021) J. Dairy Sci. 104:2896-2909



Choline Reduces Fatty Liver
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Energy-Corrected Milk Yield — Effect of Choline

%

Weight

Reference SMD (95% CI) (D+L)
Hartwell et al. 2000 —E‘—: 0.10(-0.95,1.15) 1.76
Hartwell et al. 2000 —_— -0.08 (-1.13,0.97) 1.77
Hartwell et al. 2000 —— 0.39 (-0.60, 1.38) 1.92
Hartwell et al. 2000 —_—T -0.61 (-1.66,0.43) 1.78
Piepenbrinck et al. 2003 —_—— 1.28 (0.31, 2.25) 1.98
Piepenbrinck et al. 2003 —_— -0.06 (-0.90, 0.78) 2.44
Piepenbrinck et al. 2003 T 0.72 (-0.18,1.63) 2.19
Pinotti et al. 2003 — 0.89(0.08,1.70)  2.57
Oelrichs 2003 B 0.30 (-0. 56 1.16) 2.36
Oelrichs 2003 S e o 0.36 (-0. 53, 1.24) 2.27
Oelrichs 2003 —_—T 0.31(-0.52,1.14) 2.48
Pinotti et al. 2004 -1 0.39(-0.33,1.11) 2.97
Janovick et al. 2006 -1 0.22 (-0.39,0.82)  3.63
Xu et al. 2006 i e c— 0.64 (-0.44,1.72) 1.69
Xu et al. 2006 T 0.54 (-0.40, 1.49) 2.07
Xu et al. 2006 —_—T 0.18 (-0.75,1.10) 2.13
Xu et al. 2006 —_— 0.05 (-0.88,0.97) 2.13
Zahra et al. 2006 -|-0— 0.26 (-0.15,0.68)  5.09
Chung 2007 —_— -0.08 (-0.77, 0.62) 3.12
Chung 2007 —— 0.08 (-0.63,0.78)  3.06
Elek et al. 2008 1 —— 2.96 (1.94, 3.98) 1.84
Ardalan et al. 2010 —-— 1.13 (0.18, 2.08) 2.04
Ardalan et al. 2010 ——-— 0.82(-0.09, 1.74) 2.16
Ardalan et al. 2011 —— 1.37 (0.39, 2.36) 1.94
Zom et al. 2011 —T 0.27 (-0.37,0.91) 3.43
Lima et al. 2012 Bl 0.24 (0.03, 0.44 6.87
Leiva et al. 2015 —_— -0.06 (-0.88, 0.76) 2.53
Amrutkar et al. 2015 - 0.92 (-0.05,1.90) 1.96 2'2 kg/d or
Sun et al. 2016 -_-— 0.98 (0.13,1.83) 2.40 4 8 Ibld
Sun et al. 2016 T 0.66 (-0.16, 1.48) 2.51 .
Zhou et al. 2016 — -0.14 (-0.73,0.45) 3.73 y Y
Zhou et al. 2016 — -0.20 (-0.79, 0.39) 3.72
Zenobi et al. 2018a T 0.51 (-0.07, 1.10)  3.79
Zenobi et al. 2018a —e— 0.23 (-0.36,0.81) 3.79
Bollatti et al. 2018 - 0.30 (-0.26,0.85) 3.96
Bollatti et al. 2018 T 0.41 (-0.16,0.97) 3.90
D+L Overall (I-squared = 41.6%, p = 0.005) | & 0.39 (0.23, 0.55) 100.00
Knapp-Hartung Overall < 0.38 (0.21, 0.56)
NOTE: Weights are frc|>m random effects analysis | I

-3.98 0 3.98

Decreases ECM
WMD=0 z= 5.63 P=0.0001

Increases ECM
Arshad et al. (2020) J. Dairy Sci. 103:282-300

Standardized mean difference



Summary of Diet Manipulations

Prepartum
v" Feed prepartum diets to supply 17 Mcal of NE/d (~ 1.45 Mcal/kg or 0.65 Mcal/b)
v Supplement rumen-protected choline pre- and early postpartum

v Atleast 13 g of choline ion

v" Formulate prepartum diets with a DCAD of ~ -100 mEq/kg for parous cows

v Plan for 3 weeks in the close-up pen (move at 255 d of gestation)

v" Formulate prepartum diets for parous and nulliparous cows separately
v" Nulliparous need more MP prepartum (~ 1,100 g/d) which is achieved with diets with 14 to 15% CP
v' Parous cows require less MP (~ 800 to 900 g/d), which can be achieved with 12 to 13% CP

Postpartum
v" Prioritize high-quality forages during the transition period
v'  Better, healthier, and often cheaper

v Watch the protein content of early lactation diets
v’ 17 t0 18% CP (12-12.5% MP), 2.5% of MP as methionine and 7.1% of MP as lysine

v' Supplement moderate amounts of FA to improve fertility (1 to 1.5% diet DM in early
lactation)

v'  Effects differ with source of FA fed

v Source of FArich in omega-6 and omega-3 seem the most bioactive
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