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Nutrition and environment predicts in advance milk 
production, overall health, reproduction and culling 

during lactation
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A CLOSER LOOK TO SUCCESFULL DAIRY 
PRODUCTION
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THEORETICAL STRATEGIES TO INCREASE 
ENERGY SUPPLY TO (FRESH) COWS
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Plasma NEFA (A), plasma BHBA (B), plasma cholesterol (C), liver triacylglyceride (TAG) content (D), and plasma insulin (E)
concentration for multiparous cows fed a glucogenic diet, a lipogenic diet, or a mix (50:50) of both diets during wk −3 to 9 of 

lactation. Values represent means per diet per week. Overall SEM: NEFA, 0.01 mmol/L; BHBA, 0.02 mmol/L; cholesterol, 
0.12 mmol/L; liver TAG, 5.0 mg/ g of wet liver weight; plasma insulin, 0.29 IU/mL (Van Knegsel et al., 2007)
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Milk production and milk composition of dairy cows in early lactation1 
fed a glucogenic diet, a lipogenic diet, or a mix of both diets (LSM + 

SEM) (Van Knegsel et al., 2007)
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Effects of HG feeding on relative cytokines (A) and TJ proteins (B–D) expression in the RE of goats. Quantitative real-time-PCR (qRT-PCR) 
analysisof claudin-1, claudin-4, occludin, and ZO-1 expression levels in RE in response to dietary change (A) (means  SE; n  5). qRT-PCR analysis of 

IL-1, IL-6, IL-10, TNF-, and IFN- expression levels in RE in response to dietary change (B) (means  SE; n  5). Western blot analysis of claudin-1, 
claudin-4, occludin, and ZO-1 in RE samples in response to varying diets (C and D). Protein extracts of RE samples were prepared and 

immunoblotted with specific antibodies (C). Intensities of claudin-1, claudin-4, occludin, and ZO-1 were normalized to corresponding -actin levels 
(D) (means  SE; n  4). All analysis was performedin triplicate. *P  0.5, **P  0.01, ***P  0.001. ns, not significant.(Liu et al., 2013)
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Effect of an endotoxin challenge (Escherichia coli O55:B5, Sigma, St. Louis, MO) on plasma concentrations
of tumor necrosis factor-alpha (TNF) in saline- (-- control) and endotoxin-treated (-- endotoxin) Suffolk-cross
wethers. The arrow indicates the time at which endotoxin (0.4 g/kg of BW) was administered. Treatment ×

time interaction (P < 0.0001). (From Coleman et al., 1993).

Veerkracht/DGC/2019

Changes of A) plasma glucose and B) insulin concentrations (mean ± SEM) after i.v. injection of 
glucose (112.5 mg/kg BW) plus saline () or glucose plus recombinant tumor necrosis factor-α 
(, 5.0 g/kg BW) at starting time 0 in heifers (n = 6 per treatment) in Exp. 2. Asterisks indicate 

the level of statistical difference; *P < .05, **P < .01, *** P < .001 as compared with the 
corresponding values for the glucose plus saline treatment (Kushibiki et al., 2000; 2002; 2003; 

Zarrin et al., 2014).
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Plasma free fatty acid concentration of heifers in response to LPS infusion (2 μg/kg, 1 mL/min, 100 min; ■), saline infusion 
(♦), and saline infusion plus restricted feeding (●). Data points are means ± SEM. n = 6 for each treatment. Arrows indicate 
time of feed presentation. bLPS infusion values are different (P < .05) from values after saline infusion. D Values after saline 

infusion and after saline infusion plus restricted feeding are different (P < .05) (Steiger et al., 1999)
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THE NEGATIVE EFFECTS OF LPS ARE THE MOST INTENSIVE 
AROUND CALVING

(Minuti et al., 2015)
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Plasma concentration of tumor necrosis factor- (TNF-α) in control (C; n  7), estradiol-treated (E2; 
n  5; 2 mg/steer, intramuscularly, 3 and 1 d before LPS), and progesterone-treated (P4; n  8; 1 
mg/kg BW, intramuscularly, 5, 3, and 1 d before LPS) steers after first (LPS1; top) and second 

(LPS2; bottom) LPS challenge within 6 d (2.5 g/kg BW). Data represent least square means  SEM. 
A P <  0.05, b P < 0.01 vs C at the same time. (Kahl et al., 2011)
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Effect of endogenous LPS on relative mRNA expression in the livers of cows fed the high- (HG) versus low-grain diets (LG). 
Gene expression was analyzed using real-time PCR. (A) mRNA abundance of genes encoding antioxidant enzymes in the 

liver; (B) mRNA abundance of Nrf2 target genes in the liver; (C) mRNA abundance of the Nrf2 gene; and (D) mRNA 
abundance of the NF-kB gene. β-Actin was used as the reference gene for gene expression. Data were analyzed by the 2 

samples t-test using the compare means feature in SAS (SAS version 9.2, SAS Ins�tute Inc., Cary, NC). Values are the mean ― 
SEM. ** (Abaker et al., 2017)
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Effect of endogenous LPS on antioxidant enzyme activity, lipid peroxidation, total antioxidant capacity, and 
NOS activity in the plasma of cows fed a high- (HG) compared with a low-grain diet (LG). (A) Total SOD 

activity; (B) GPx activity; (C) catalase activity; (D) MDA; (E) T-AOC; (F) tNOS; and (G) iNOS activity. All enzyme 
activity and biomarkers were evaluated spectrophotometrically, and the results are expressed as the mean 

― SEM. Data were analyzed by the 2 samples (Abaker et al., 2017)
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Fluctuation of body temperature (a) and respiratory rate (b) of cows infused with sterile saline 
solution (CON) or LPS infusion solution (LPS). Data are shown as means and respective

standard deviation values (Ning et al., 2018)
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Uterine gene expression profile analysis with qRT-PCR
The genes involved in transcriptional regulation were measured in the uterine tissue. 

The error bars indicate the standard error of the mean and ** indicates significance at 
P<0.01 (Bilal et al., 2017)
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LipopolysaccharideS derived from the digestive tract triggers an 
inflammatory response in the uterus causing endometritis of 
mid-lactating dairy cows during SARA

HIGHER POSTPARTAL BHBA AND HEPATIC TRIGLYCERIDE IN 
ENERGY OVERFED COWS (Ji et al., 2012)
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Concentrations of the major fatty acids in serum measured at 1 wk before (BLACK) and 0.5 (WHITE), 1 
(checked), 2 (hatched), and 3 (striped) wk after parturition in cows that were either fed at restricted energy 

intake (A; n = 4) or were overfed (B: n = 7) during the dry period. Data represent means (+ MEANS) 
Different letters indicate that the mean concentration of the fatty acid differed significantly (aP ≤

0.05, bP ≤ 0.001) from the mean concentration at 1 wk before parturition (Rukkwamsuk et al., 2000)
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Comparison of the concentrations of the different fatty acids in serum measured at 1 wk (A) before and 0.5 
wk (B), 1 (C), 2 (D), and 3 (E) wk after parturition in cows that were either fed at restricted energy intake (; n 

= 4) or were overfed (; n = 7) during the dry period. Data represent means (+ SEM) Asterisks indicate that 
the mean concentration of a fatty acid differed significantly (P ≤ 0.05) in the two groups (Rukkwamsuk et al., 

2000)
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Pathways of ceramide synthesis. CerS, ceramide synthase; FA-CoA, fatty acyl-CoA; 
PChol, phosphorylcholine; SMase, sphingomyelinase; SPT, serine palmitoyltransferase

(Rico et al., 2018)
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Of particular interest, C16:0-
and C24:0-
ceramide (d18:1:16:0- and 
d18:1:24:0-ceramide, 
respectively)
have gained attention 
because of their associative 
and causative
roles in the dysregulation of 
insulin signaling

Milk production parameters at first DHI test day, with exception of 
colostrum, in fresh cows in a  study of ketosis in dairies in the 

Netherlands (Vanholder et al., 2015) 
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MONITORING AND EVENTUALLY TREATING COWS AFTER CALVING  AS A 
SOLUTION IS ONLY THERAPY FOR VETERINARIANS AND OWNERS NOT 

FOR COWS

SERUM CONCENTRATIONS OF GLUCOSE, FATTY ACIDS, BHB, LIVER DAMAGE MARKERS 
AND INFLAMMATION MARKERS IN HEALTHY COWS AND COWS WITH A SEVERE FATTY 

LIVER (Du et al., 2018)
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WHAT HAPPENED ACTUALLY  IN THE HIGH ENERGY DIETS 
USED IN THE RESEARCH OF DRACKLEY; DELOOR, JANOVICK, LI, 

MANN ETC.

Veerkracht/DGC/2019

1 Mcal = 
4.184 MJ
1 MJ = 
0.239 Mca

EXAMPLES OF (ONE) DIET DRY PERIOD 
FEEDING STRATEGY (GOLDLICKS)  
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Because cows never reach satiety (insulin ), they react with high DMI (15-16 KG) DM  (pull 
and push)
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PLASMA NEFA CONCENTRATION  IN COWS WITH AND IN COWS 
WITHOUT UDDER BY MINIMIZING ENERGY (Ca) OUTPUT(Goff et al., 

2002)
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EFFECT OF DIETARY PROTEIN CONCENTRATION ON MILK (legend: dietary protein
concentration, 1 to 150 DIM/151 to 305

DIM) (Law et al., 2009).
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LOW PROTEIN INTAKE MEANS LOW COLOSTRUM PRODUCTION = 
MILK FEVER INCIDENCE↓ AND LOW LEVELS OF KETONE BODIES IN 
THE BLOOD

Amanlou et al., 2017
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THE INTERACTION BETWEEN PRE- AND POSTPARTUM CP LEVELS ON NUTRIENT INTAKE, MILK 
AND COMPOSITION , AND BW AND BCS CHANGES IN THE FIRST 21 DAYS OF LACTATION FOR 

MULTIPAROUS HOLSTEIN COWS 1 (Farahani et al., 2018)

Veerkracht/DGC/2019

Plasma nonesterified fatty acid (NEFA) concentration of cows fed 2 levels of energy in the dry period: CEI (Δ) = 108% of the
ME requirements of grass silage, wheat straw, and rapeseed meal (55/45/5%); HEI (■) = 141% of the ME requirements of 

grass silage duringmnwk 8 to 1 prepartum. Values are back-transformed LSM ― SE from repeated-measures analysis of log-
transformed data (n = 16). Effects of dietnprepartum (P = 0.26), diet × time prepartum (P = 0.07), diet postpartum (P = 0.62), 

and diet × time postpartum (P = 0.28) (Salin et al., 2018)
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Graphical presentation of the interrelationships among unbalanced diet and resulting rumen and systemic disorders during transition period and 
their effects on fertility of cows: RDS, rumen degradable starch; peNDF, physical effective neutral detergent fiber; SCFA, short-chain fatty acids; 

NEB, negative energy balance; NEFA, non-esterified fatty acids; DMI, dry matter intake; BHBA, beta-hydroxy-butyrate; BCS, body condition score; 
ROS, reactive oxygen species; IL-1, interleukin 1; IL-6, interleukin 6; COX, Cyclooxygenase; APP, acute phase proteins; GnRH, gonadotropin-

releasing hormone; FSH, follicle stimulating hormone; LH, luteinizing hormone; PGF2α, prostaglandin F2α; P4, progesterone and E2, estradiol; 
indicates endotoxin (after Deckardt et al., 2013 and Zebeli et al., 2015)
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Serum metabolites, inflammatory parameters, and glucose and insulin tolerance test in rats fed with milk from cows consuming a low forage 
(LFM) or high forage (HFM) diet: (A) leptin (L), (B) adiponectin (A), (C) leptin:adiponectin (L/A) ratio, (D) tumor necrosis factor-α (TNF-α), (E) IL-1, 
(F) IL-10, (G) plasma glucose concentration, (H) plasma insulin concentration at different times after glucose load (oral glucose tolerance test), 

and (I) plasma glucose concentration at different times after insulin injection (insulin tolerance test). In panels G, H, and I, the upper inset shows 
the area under curve (AUC) for each group (mean ― SE; n = 7 animals/group). Different le�ers indicate sta�s�cally significant differences 

between treatment groups (< 0.05) (Cavaliere et al., 2018)
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Mitochondrial parameters of rats fed with milk from cows consuming a low forage (LFM) or high forage (HFM) diet: (A and B) hepatic 
mitochondria respiration rates at states 3 and 4 in the presence of succinate (A) or palmitoyl-carnitine (B) substrates; (C) carnitinepalmitoyl

transferase (CPT) activity; (D) basal and (E) fatty acid-induced proton-leakage; (F) intracellular H2O2 yield, (G) basal aconitase/ total aconitase
ra�o, and (H) superoxide dismutase (SOD) ac�vity (means ― SE from 7 animals/group). Different le�ers indicate sta�s�cally significant 

differences between treatment groups (P,0.05) (Cavaliere et al., 2018)
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THE LONG TERM SOLUTION FOR DAIRY FARMERS  IS NOT IN 
MONITORING KPI’S AND FORCING THE COW FOR MILK, BUT IN 

EPIGENETIC AND METABOLIC PROGRAMMING OF THEIR ANIMALS 
INCLUDING MICROBIAL COLONIZATION OF THE YOUNG CALF 
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IMPACTS OF EARLY LIFE NUTRITION ON ANIMAL 
PHYSIOLOGY  AND METABOLISM 
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EFFECTS OF PREPARTUM MATERNAL ENERGY DENSITY ON BIRTH 
WEIGHT MEASUREMENTS AND THE ANTIOXIDATION CAPABILITY IN 

NEONATAL CALVES (Gao et al., 2012)
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Neonatal asfyxia
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Representative photomicrograph(10) showing a contrastof small intestine villi of 
bovine fetus from non-restricted(A)and feed-restricted(B) dams at 190 days of 

gestation (Duarte et al., 2010)

Kees Peeters/ DGC Twente/ maart 2018

THE EFFECT OF MATERNAL ENERGY AND/ OR PROTEIN RESTRICTION ON THE 
MORFOLOGY OF THE JEJUNUM OF NEONATAL GOAT KIDS (n= 4, Exp.1) (He et al., 2014)

A= control, B = protein restricted, C = energy restricted
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Intensive feeding during the first 3 week of life gives higher 
insulin and IGF-1 plasma levels (Prokop et al., 2015)
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CALVES NEED TO BE PROGRAMMED TO A HIGH PRODUCING 
COW !!!!  IS RESTRICTED TO THEIR FIRST WEEKS OF LIFE !!!! 

(Brown et al., 2005)

LL = Low growth week 2-14 

LH = Low growth week 2-8, high growth week 8-14 

HL = High growth week 2-8, low growth week 8-14 

HH = High growth week 2-14 

* *  P< 0 .0 1 ,  *  P< 0 .0 5  

(Brown et al., 2005)
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COW COMFORT; (HEAT) STRESS OF THE CLOSE-UP COW INFLUENCES 
CALF QUALITY; AS THEY MATURE; THEY SURVIVE BETTER (Monteiro et 

al., 2016)
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ANIMALS ARE NOT PASSIVE 
MACHINES: BALANCING RATIONS ON 

A COMPUTER IS NOT ENOUGH !!!
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AN INSIDE OUTSIDE APPROACH INSTEAD OF 
AN OUTSIDE INSIDE APPROACH
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