FRIEDRICH-LOEFFLER-INSTITUT

FLI

Bundesforschungsinstitut fiir Tiergesundheit
Federal Research Institute for Animal Health

(N
[ n
- Y una oy = P
- ,_\:{/ ' o /u:;;/
";'\\v‘:’ h 9 ’! - y( |
|5 i i |
Y 4 | N N 4
| | W N G Ul

Center for Integrated Breeding Research

Modeling of reticular and ventral ruminal pH of dairy cows
using feed and water intake and rumination behavior

A. Mensching?!, K. Binemann?, U. Meyer?, D. v. Soosten?, S. Danicke?,
J. Hummel3, A. R. Sharifil

1 University of Goettingen, Department of Animal Sciences, Center for Integrated Breeding Research, Animal
Breeding and Genetics Group, Goettingen, Germany

2 Friedrich-Loeffler-Institut (FLI), Institute of Animal Nutrition, Braunschweig, Germany

3 University of Goettingen, Department of Animal Sciences, Ruminant Nutrition Group, Goettingen, Germany

e

§

29.08.2019




, M
Introduction AL
Absorption of fatty acids
Wwalh. &
Buffering by saliva
(rumination) Production of
fatty acids
fermentation)

I JIGS Qi AR A )\ \ ‘l‘.SA'\ A l - \"'.\QA AL ‘l\ \“\‘\\“\’ \\\\ .’\\ \ LR \ :
Plenty of fermentable’c :‘0“0‘\' yvdrates available'(sug ar 2tdi S NIV
\ | VAL "\ b D
Lack of structure in the diet (www.biomin.net)

—> Risk of digestive disorders T (nocek, 1997) 2



Introduction A

Sub-Acute Ruminal Acidosis (SARA)
* pH as direct indicator

* Current definitions based on pH thresholds
in the ventral rumen

— pH>6.2 and time pH<5.8 for <5.2 hfd
(Zebeli et al., 2008) 2

* ApHof5.8inthe ventral ru

to a pH of 6.0 in the reticulu
(Neubauer et al., 2016)

(wWw.bio‘gin.net)

healthy ? SARA : acute acidosis
clinical symptoms
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Objective Al

Explanation of daily pH development in the reticulum and in the ventral rumen using
individual

e feed and water intake
e rumination behavior

pH (Reticulum)

pH (Ventral rumen)

oy

5.5

5.0

5.0

Time (www.biomin.net) Time



FRIEDRICH-LOEFFLER-INSTITUT

Bundesforschungsinstitut fiir Tiergesundheit I ¢

Federal Research Institute for Animal Health

(

Materials and Methods

Data of 13 ruminally fistulated cows (n¢35 =6, Nego = 7)

I Milk yield and live weight
'%_ “D (www.agriexpo.online) (2 X dally)

eCow bolus
(Reticulum)

T (Blnemann, 2019)
(www.biomin.net) LRCpH Dascor logger
(Ventral rumen)

(Bunemann, 2019)
Insentec transponder feeders
e Partial Mixed Ration (PMR)
* Concentrate
 Water

RumiWatch halter
(Rumination behavior)

S (Binemann, 2019)



Materials and Methods

Time series analysis
e Classical regression models in a time series context

Ve = Bo + B1Xe1 + BoXez + -+ + BrXek + Wi

A simulated example: §=7.83 - 0.10 X, (R? = 0.66, RMSE = 0.28)
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Materials and Methods Cow A: 35 % concentrate U
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Materials and Methods

)

Signal processing: Roursgvaviehagengith a Gauss kernel

PMR intake rate
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0l oy
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[kg DM/min] 0.27
0.1
. [ 1 | | | |
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Time [hh:mm]
Rumination behavior
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Rumination
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Time [hh:mm]

T[rPMR](c. = 0.80)
T[rPMR](c. = 0.85)
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Materials and Methods

Linear mixed regression models with time series (1-minute resolution)

PHjt =

Bo +

31 T[rPMR];¢(apmr) +
B, T[rClic(ac) +

B3 T[rW];c (aw) +

34 T|RB]ii+

35 2XPMRj; + 66 2Ci + B7 XW; +
Bg DIMjt + Bg BWj¢ + B1g MYje +

A; +

Wit

} Constant

—_

Transformed ingestion
and rumination
behavior time series

Fixed effects
on a daily basis

Random animal effect
and random error



Materials and Methods

Linear mixed regression models with time series (1-minute resolution)

T[rPMR];¢(ctppmr)
T[rCJit (o)
T[rW]; (o)
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Results and Discussion Cow B: 60 % concentrate AN

Proportion of explained variance:

Reticulum Rumen
Resiilual Residual
(24%) (29%) Fixed effects
(38%)
Animal
(9%) Fixed effects
(o)
(67%) Animal

(33%)
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Conclusion

 Time series models are a powerful tool to investigate complex physiological relationships
— Data preparation and signal processing are of decisive importance

* Both pH progressions are highly associated to the animal's ingestion and rumination
behavior

— Highest association to the PMR intake
— Water intake often accompanied by PMR and concentrate intake

— The more even the ingestion and rumination behavior distribution during the day, the
lower the pH range

—>  Stimulative or suppressive factors for ingestion and rumination behavior influence the
pH progression, e.g. milking or feeding frequency, sickness?, ...

—>  Behavior can be used as an indicator for physiological processes which are difficult to

measure
12
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Appendix

Signal processing: Moving average with a Gauss kernel

PMR intake rate

0.4
7 /‘ \\ ----------- i —— T[rPMR](c = 0.80)
kg OMmin 02 ..o S — TIPMRI(« = 0.85)
" 1l B
i 1 N | . .
09:00 11:00 13:00 15:00 17:00 19:00
Time [hh:mm]
T[x]¢ = x¢ + Y X T[x](~; with a € (0,1)
T[x]; transformed time series
Xt original time series

x rate of change per hour 16



Appendix

Signal processing: Moving average with a Gauss kernel

Rumination behavior

Rumination

| [ [ | [ |
09:00 11:00 13:00 15:00 17:00 19:00

Time [hh:mm]

T[RBt—ZwlxRB w

t—+i
T[RB];  transformed rumination behavior time series
RB original rumination behavior time series

b window length of the symmetric Gauss kernel
W; weights of the symmetric Gauss kernel

— T[RB]
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Appendix

n =13 animals, in total 145 days of continuous measurements

Reticulum (eCow) Ventral rumen (Dascor)

b SE F-value b SE F-value
T(rPMR) .0.07508  0.00025 *** 86982.6 .0.13304  0.00037 *** 127390.3
T(rC) .0.09562  0.00056 *** 29343.1 -0.19145  0.00102 *** 35374.5
T(rW) .0.00877  0.00006 *** 23870.2 0.00340  0.00013 *** 642.2
T(RB) 0.09829  0.00082 *** 14439.7 0.06733  0.00147 *** 2090.2
milk yield 0.00749  0.00011 *** 4360.5 0.01433  0.00020 *** 5156.8
o (A) 0.075 0.235
o (r) 0.124 0.217
RZ, 67.02 37.79
R? 75.96 71.39

Significances with p < 0.001 are signed with

\kkkzs
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Appendix

Likelihood-ratio test between full model and a reduced model by removing one variable at a
time

* x* T < Importance 1

1e+05 1e+05+
8e+04 8e+04
6e+04 — 6e+04—
b X2
4e+04 4e+04 -
2e+04 2e+04—
Oe+00— Oe+00— !

PMR Concentrate Water

Transformed time series

Rumination

PMR Concentrate Water Rumination

Transformed time series
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Appendix \
Data structure
time pH (eCow) pH (Dascor) rPMR rC rw Rumination
[pH] [pH] [kg DM/min] [kg DM/min] [kg DM/min]
14:11:00 6.40 6.25 0 0 0 1
14:12:00 6.39 6.25 0 0 0 1
14:13:00 6.38 6.24 0 0 0 1
14:14:00 6.37 6.23 0 0 0 0
14:15:00 6.37 6.22 0.3 0 0 0
14:16:00 6.36 6.22 0.3 0 0 0
14:17:00 6.36 6.21 0.3 0 0 0
14:18:00 6.36 6.20 0.3 0 0 0
14:19:00 6.35 6.19 0.3 0 0 0
14:20:00 6.35 6.23 0.3 0 0 0
14:21:00 6.34 6.23 0 0 0 0
14:22:00 6.34 6.23 0 0 6.1 0
14:23:00 6.33 6.21 0 0.2 0 0
14:24:00 6.32 6.20 0 0.2 0 0
14:25:00 6.31 6.19 0 0.2 0 0
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Appendix

Data availability

832
727
333
329
306
304
§ 248+
240
224+
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38
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Time series

RumiWatch
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Water
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Time
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Appendix

Data availability (145 days of continuous measurements)

pH and temperature pH and temperature
in the ventral rumen in the Reticulum
(Dascor) (eCow)

Intake, bodyweight
and milk yield

Rumination
(RumiWatch)
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