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AA andespeciallymethionineare

the most limiting nutrients for

milk productionin high yielding

ruminants

Participates:

üin the transportationof LCFA from blood to the

udder

üon liver FA metabolism

üin thedenovosynthesisof SCFAandMCFA

Choline availability determines

the LCFA uptake from the

mammarygland

Choline affects positively the

liver lipid metabolism

Methionineaffects the milk 

fatty acids profile



u However, in animal metabolism  two are the principal methyl donors:

-S-adenosyl-L-methionine(methioninemetabolite)

- betaine(cholinemetabolite)

Thus, methionine, choline and betaine are metabolically closely

interrelatedand their simultaneousrole on milk fatty acidsprofile should

bedefined



u So far, the separaterole of methionine, choline and betaineon

milk yield andchemicalcompositionhasbeenextensivelystudied

u Moreover, recent papers with dairy cows confirm also, the

significantroleof methioninein glutathionesynthesis(GST)



The objective of this study was to determine the effect of dietary supplementation with 

rumen-protected methioninealone (M) or in combination with rumen-protected choline

and betaine(MCB) on: 

u milk yield, chemical composition and fatty acids (FA) profile, 

u blood plasma glutathione transferase(GST) activity and 

u total antioxidant capacity in both plasma and milk

of periparturientdairy ewes.

Objective



ü Forty five Chiosbreeddairy ewes,which werein the last fifth of their pregnancywere

divided into threeequalgroups(n = 15) balancedaccordingto their maximummilk

yield from thepreviouslactation:

-Control group (Control): no supplementation

-Methioninegroup (M): 2.75 g methionine/animal/day

-Methione/Choline/Betainegroup (MCB): 2.20, 1.00 and 0.30 g methionine, choline

and betaine/animal/day 



ü Eachanimalfed daily, in average,a basaldiet consistedof 1.6 kg alfalfa hay,0.2kg

wheatstrawand2 kg concentrates

ü Theexperimentstarted15daysbeforelambingandlasteduntil 60 daysin milk

ü Individual milk sampleswerecollectedfrom the ewesat 10, 20 and60 daysafter

parturitionfor theanalysisof milk chemicalcompositionandfatty acidsprofile



ü At thesamedays,in the individual milk samples,the total antioxidantcapacitywas

determinedby usingthe Ferric ReducingAbility of Plasma(FRAP) and2,2'-azino-

bis (3-ethylbenzothiazoline-6-sulphonicacid)(ABTS) assays.

ü Moreover,at the sameintervals (10, 20 and 60 days after parturition) individual

blood plasmawere collectedfor glutathionetransferase(GST) activity, FRAP and

ABTS determination.

ü Individual bloodsampleswerealsotakenat 10 and20 dayafterparturitionfor urea

andɓ-hydroxybutyrateanalysis



Data were analyzedusing a general linear model (GLM) for repeated-measures

analysisof variance(ANOVA) consideringsamplingtime (S) asrepeatedmeasure,

with fixed effectsof dietarytreatments(D = CONTROL,M, MCB), samplingtime

(S), the interactionsamongthem (D x S) and ewesas randomeffect. Post hoc

analyseswere performedwhen appropriateusing Duncanôsmultiple range test.

Statistical analysiswas performedusing the statistical packagesSPSS(version

20.0).

Statistical analysis





Treatments Effect 

Control M MCB SEM Diet Sampling time

Milk yield (Kg) 2.37 2.26 2.48 0.416 NS ***

Fat (%) 4.90a 5.74b 5.45ab 0.346 * ***

Crude protein (%) 5.34 5.54 5.40 0.177 NS ***

Lactose (%) 5.71 5.74 5.82 0.096 NS ***

Total solids (%) 16.74a 17.82b 17.48ab 0.446 * ***

Total solids non fat (%) 11.81 12.08 12.04 0.156 NS NS

Table 1. Mean milk yield and chemicalcompositionof ewesfed a

basaldiet supplementedwith rumen-protectedmethioninealone(M) or

in combinationwith rumen-protectedcholineandbetaine(MCB)

Meanswith differentsuperscript(a, b) in eachrow (betweendietarytreatments)for eachparameterdiffer significantly(PÒ0.05)



Table 2. The meanindividual fatty acids(FA) (% of total FA)of ewes

fed a basaldiet supplementedwith rumen-protectedmethioninealone

(M) or in combination with rumen-protected choline and betaine

(MCB)

Treatment Effect

Control M MCB SEM Diet Time DxT

C4:0 4.14 4.15 4.14 0.141 NS NS NS 

C6:0 3.60 3.48 3.57 0.190 NS NS NS 

C8:0 3.72 3.80 3.63 0.212 NS * NS 

C10:0 10.96 11.25 10.75 0.660 NS NS NS 

C12:0 6.06 6.13 5.76 0.408 NS NS NS 

C14:0 11.37 11.63 11.32 0.389 NS NS NS 

C14:1 0.21a 0.32b 0.34b 0.021 *** *** *** 

C15:0 1.02 0.94 0.97 0.044 NS NS NS 

C15:1 0.33 0.31 0.33 0.024 NS NS NS 



Table 2 (cont.)

Treatment Effect

Control M MCB SEM Diet Time DxT

C16:0 24.93 25.33 25.95 1.072 NS NS NS 

C16:1 0.44a 0.58b 0.91c 0.052 *** ** *** 

C18:0 7.52 7.58 6.89 0.648 NS NS * 

trans-11C18:1 1.39 1.49 1.65 0.194 NS NS NS 

trans18:1 0.36ab 0.33a 0.42b 0.029 * NS NS 

cis-9 18:1 16.35 15.95 16.01 0.839 NS NS NS 

C18:2n6c 4.06 3.48 3.74 0.262 NS NS NS 

cis-9, trans-11C18:2 0.82 0.81 0.97 0.083 NS NS NS 

C18:3n3 0.79a 0.63b 0.75a 0.063 * NS NS 



Table 2 (cont.)

Treatment Effect

Control M MCB SEM Diet Time DxT

SCFA 22.72 22.97 22.38 0.980 NS NS NS 

ɀCFA 44.43 44.08 44.04 1.141 NS NS NS 

LCFA 7.62 7.68 6.99 0.654 NS NS * 

ɀUFA 19.99 19.84 20.55 0.789 NS NS NS 

PUFA 6.24a 5.42b 6.03ab 0.313 * NS * 

Meanswith differentsuperscript(a, b) in eachrow (betweendietarytreatments)for eachparameterdiffer significantly(PÒ0.05)



Figure 1. Discriminantplot separatingthe ewes(samples)accordingto the diet

thattheywerefed (Control,M, MCB), basedonmilk FA profile.

Sign (+) is is the centroid of each group



Table 3. Mean concentrationsof blood plasmametabolites(BHBA and urea),

meantotal antioxidantcapacityandglutathionetransferaseactivity of ewesfed a

basal diet supplementedwith rumen-protected methionine alone (M) or in

combinationwith rumen-protectedcholineandbetaine(MCB)

Treatments Effects 

Control M MCB SEM Diet Time

BHBA (mmol/l) 0.49a 0.42ab 0.32b 0.06 * NS

Urea (g/l) 0.43 0.48 0.44 0.036 NS NS

Blood 

FRAP (ɛɀascorbic acid)
0.79a 0.86a 1.06b 0.079 * NS

ABTS (ɛɀascorbic acid)
90.16 85.60 91.66 3.045 NS NS

GST (units/ml) 0.160a 0.219b 0.172ab 0.020
* NS

Milk

FRAP (ɛɀascorbic acid) 1.05a 1.42b 1.33ab 0.124 * **

ABTS (ɛɀascorbic acid) 142.19 142.60 135.38 5.810 NS *

Meanswith differentsuperscript(a, b) in eachrow (betweendietarytreatments)for eachparameterdiffer significantly(PÒ0.05)



Figure 2. Themeanbodyweight(Kg) and growthrate(g/day) of lambsderivedfrom ewes

fed a basaldiet supplementedwith rumenprotectedmethioninealone(M) or in combination

with rumenprotectedcholineandbetaine(MCB) duringthe42daysucklingperiod

C o n t r o l M M C B

0

5

1 0

1 5

2 0

W e a n i n g  w e i g h t

K
g

C o n t r o l M M C B

0

1 0 0

2 0 0

3 0 0

4 0 0

G r o w t h  r a t e

g
/ 

d
a

y

Control M MCB

Body weight (Kg) 12.59a±0.631 14.21b±0.64 13.71ab±0.423

Growth rate (g/ day) 192.43a±14.19 231.44b±14.91 217.48ab±10.68

abb
a

a
b

ab



ü The dietary supplementationwith rumen-protected methionine

revealedfavorablealterationsin the milk fat contentof sheepand

on thegrowthrateof sucklinglambs,bothof which affectsthefarm

profitability.

ü The respectiveresponsesof the diets (M and MCB) on GST and

FRAPactivitiessuggestan improvementin the antioxidantdefense

systemof theanimalsandconsequentlyin its health.

Conclusions 



ü The significantly higher free radical scavengingactivity measuredeither

with FRAP or ABTS in the milk of ewes (10 days after parturition

onwards)may reducethe risk of spoilagein this dairy product due to

unpleasantoxidation.

Conclusions 





Figure 2. Discriminantplot separatingthe ewes(samples)accordingto the diet

that they were fed (Control, M, MCB), basedon milk yield and chemical

composition.

Sign (+) is is the centroid of each group



Figure 3. Discriminantplot separatingthe ewes(samples)accordingto the diet

that theywerefed (Control,M, MCB), basedon freeradicalscavengingactivities

in milk andbloodplasma.

.

Sign (+) is is the centroid of each group



u Concentrates consist of:

4

Ingredient (g/kg) Control M MCB

Maize grain 340 340 340

Barley grain 200 200 200

Wheat bran 200 200 200

Soya bean meal 120 120 120

Sunflower meal 100 100 100

Calcium carbonate 20 20 20

Dicalcium phosphate 15 15 15

Salt 4 4 4

Minerals and vitamins mix 1 1 1

TIMET - 2,5

MECOVIT - - 5

Materials and methods



Commercial Products

u TIMET: 550  g rumen -protected DL methionine/kg, at 2.5 

g/kg concentrates

u MECOVIT: 220  g DL methionine, 100  chloride choline

and 30 betaine, all in rumen ïprotected form at 5/kg 

concentrates



6

Alfalfa 

hay

Wheat straw Concentrates

Control M MCB

Dry matter (%) 88,01 92,85 88,78 89,96 88,62

Crude protein (%) 18,32 2,56 16,15 16,45 16,24

Crude fiber (%) 24,53 41,32 4,34 4,90 4,83

NDF (%) 462 715 207 211 205

ADF (%) 356 512 83 85 81

Ether extract (%) 1,96 1,54 3,08 2,78 3,22

Ash (%) 6,28 6,68 6,71 6,37 6,40

Materials and methods

u Chemical composition of experimental diets:



u Milk chemical composition:

Infrared analysis

after mixing the yield from the 

evening and the morning milking 

on a 5 per cent volume. 

u Milk fatty acid profile:

GC/FID analyzed as fatty acids methyl esters

u Total antioxidant capacity (TAC), glutathione transferase (GSt) activity and metabolites indexes:

ABTS and FRAP method for TAC, GStactivity, Urea and B-HBA     concentration were assayed 

spectrophotometrically 

Materials and methods
Methodology 8


