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Arterio-venous differences of amino acids across the mammary gland of cows
fed fresh pasture at two levels of dry matter intake during early lactation

PACHECO-RIOS, B2 MCNABB, W.C1, CRIDLAND, S'3 BARRY T.N2 AND LEE, J!

INutrition Group, AgResearch, Grasslands Research Centre, PB 11008, Palmerston North, New Zealand.

ABSTRACT

Four cows housed indoors in metabolism stalls were used in a cross-over experiment to test the effect of two levels
of dry matter intake on amino acid metabolism during early lactation (October). Fresh ryegrass/white clover pasture was
offeredad libitumor at 75% of thed libitumintake during 2 experimental periods. Concentrations of essential amino
acids (EAA) in arterial and mammary venous plasma were determined as indicators of the uptake and utilisation of
individual AA for milk protein synthesis in the mammary gland.

The relative concentrations of free EAA (expressed as % of total EAA) of lysine, tyrosine, leucine, phenylalanine, methionine,
tryptophan and histidine were lower in arterial plasma than those in the milk protein, suggesting these as limiting EA%raldiog
rates of plasma as an indicator of potentially limiting amino acids, leucine, lysine and methionine appeared, in thaherdevssas
limiting amino acids in thad libitumanimals. In the intake restricted animals, the order of limitation appeared to change to methionine,
lysine and leucine.

Keywords: amino acids; arterio-venous differences; milk protein; dairy cows.

INTRODUCTION stages of lactation, it was demonstrated that single-AA
) supplementation was not an adequate way to increase
Protein has become one of the most valuable Milkotein synthesis in a consistent manner. More research is
components, both in an economic and nutritional sensgquired on the post-absorptive utilisation of AA in pas-
The international demand for milk protein has increasggjre-fed animals in order to elucidate their role as poten-
steadily in the last few years. This increase is not only trﬂ%”y limiting nutrients for milk protein synthesis.
result of a greater consumption of cheese and milk powder, ~ arierio-venous (A-V) differences across the mam-
but also the reflection of an increased demand for speciﬁqary gland are indicators of the amount of precursors
milk protein fractions (Valeur, 1997). available for transformation into protein constituents. This
_ Several studies have been conducted to assess whejjgbsyrement has been used to identify the potential amino
amino acid (AA) supply to the mammary gland limits milkycigs which may limit milk protein synthesis in lactating
protein synthesis. However, most of the research on Adyys (Derriget al., 1974; Clarket al., 1977) and ewes
metabolism has been conducted with concentrate-fed apiyayis et al., 1978). In this study, the A-V differences
mals. Manipulation of milk protein synthesis in New Zeazross the mammary gland of lactating cows offered two
land dairy cows requires information on the utilisation ofayels of dry matter intake were analysed as part of a

AA by the mammary gland of pasture—feq anima!s. It hﬁ%search project on identifying the potential limiting amino
been postulated that the precursors for milk protein, amingids in pasture-fed animals.

acids, absorbed from the small intestine in dairy cows may

be inadequate in amount and/or proportion to maximise

milk protein synthesis in pasture-fed animals (Black, 1990). MATERIALS AND METHODS
The effectiveness of supplementation with sources @&nimals and diets

undegradable dietary protein (UDP), or ruminally pro-  Four lactating Friesian cows in early lactation were
tected amino acids (mainly methionine and lysine) to ingssigned to a sequence of two levels of dry matter intake
crease milk yields has been assessed. However, the res@tmD in a 2x2 crossover design. The average days in milk
have been variable (DePeters, 1992). In most cases, t&g{he cows was 44 (SD 14.5) with the average live weight
mixed rations have been used, with few reports on Pastufsing 498 (SD 64.2) kg at the beginning of the experiment.
fed animals. The 2 sixteen-day experimental periods comprised a 5-day
In pasture-fed animals, supplementation with methigseriod for diet adaptation and an 11-day period for meas-
nine resulted in numerically higher yields of casein duringrements of milk production and composition, DMI and
mid lactation, but not in late lactation (Pacheco-Rica.,  feed composition. Animals were fed individually and main-
1997a, 1997b) As the results were inconsistent at differq@ined outdoors from day 1_5, and in individual metabolism
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stalls from day 6 to 16 at the Dairying Research Corporacalculation procedures:
tion facilities in Hamilton, New Zealand. Cows were fitted 1) A-V differences were calculated for statistical
on day 11 with polyvinyl chloride (PVC, 1.0 mm ID x 1.5 analysis using the average values of the arterial and venous
mm OD) catheters in one intercostal artery and jugular andoncentrations over the sampling periods. Extraction rate
mammary (caudal superficial epigastric) veins following was then calculated by dividing the A-V difference for
tranquilisation with xylazine hydrochloride (0.8 ml each amino acid by their respective concentration in arte-
Rompun 2%; Bayer New Zealand Ltd., Glenfield, Auck- rial plasma, and the proportion expressed as a percentage.
land). Cows were allowed to recover from the surgery forindividual EAA with the highest extraction rates were
one day before starting blood collections. The intercostahssumed to be the most limiting for milk protein synthesis.
catheters were maintained during the two experimental  2) Individual EAA concentrations in arterial plasma
periods, while both venous catheters were removed at theere also expressed as proportion of the total EAA in that
end of the first period and new catheters inserted on day 13ool. These proportions were then compared with the
of the second period. Patency of all the catheters waeelative proportions of EAA in a theoretical milk protein
ensured by daily flushing with 3 ml of heparinised saline(Mackenzie, 1997). Ratio values of plasma:milk less than
(200 1U/ml). Animals were milked twice daily during the unity were used to infer amino acids most likely to limit
whole experimental period, except during the blood sammilk protein synthesis in the mammary gland.
pling period, when milking was conducted every two
hours. During the experimental period, fresh cut ryegrasStatistical analysis
(Lolium perenn¥gwhite clover {rifolium repeng pasture Means of the concentration of individual EAA for
was offered at 6 h intervals (0300, 0900, 1500 and 2100 hach cow were obtained and then analysed using the GLM
procedure of SAS (SAS Institute, 1996). Treatments were
Treatments analysed as main effects and the sequence of treatment and
The treatments tested were two levels of Dili  the interaction sequence x treatment were also analysed.
libitum and restricted intakes. Animals in the restricted group The effects of sequence were tested by using the
received 75% of thad libitumintake which was established mean square of the effect of cow within sequence as the

during the first five days of each experimental period. residual error. Treatment, cow and interaction between
treatment and sequence were tested using the residual
Measurements error. Significant effects were declared when P<0.05 and

On day 14 and 15, blood samples were collected fromrends at P<0.10.
the intercostal artery and the mammary vein for each of
two animals. Blood samples were collected every two RESULTS
hours as 1-hour integrated samples (i.e. continuous sampling
for one hour, no sampling for one hour). Samples were  Dry matter intakes and milk yields are shownin Table
collected at a rate of 1 ml/min using peristaltic pumpsl. The restriction in feed intake was achieved as planned,
(Desaga PLG, Germany) into plastic tubes kept on ice wittwith the restricted group consuming, on average, 74% of
EDTA added as an anticoagulant. Blood was centrifuged dihe amount consumed by tlal libitum animals. The
3270 g (4000 rpm) at 4 °C for 15 minutes and plasma wasestriction in feed intake tended to reduce both the concen-
harvested and mixed (10:1 v/v) with a solution of 200 mMtration (P=0.07) and yield (P=0.09) of milk protein.

phosphate buffer containing 80 mM DL-dithiothreitol (DTT). Amino acid concentrations in arterial and venous

Plasma was stored at -85°C for amino acid analysis. plasma are shown in Table 2. No consistent treatment
effects were observed in these variables. dthdibitum

Laboratory methods group had numerically higher arterial concentrations of

Samples of plasma (2 ml) were mixed with 65 pl of isoleucine, methionine, tyrosine and valine; whilst the
3 mM methionine sulphone as an internal standard, andestricted group had numerically higher concentrations of
then deproteinised by ultrafiltration (Centrisart, moleculararginine, histidine, leucine, lysine, phenylalanine,
weight cut-off 10,000; Sartorius AG, Germany). The threonine and tryptophan. More consistent responses were
ultrafiltrate was collected and stored at -85°C until it wasobserved in venous amino acid concentrations. &the
analysed for free AA concentrations. libitum cows had numerically higher venous concentra-

Amino acid concentrations in plasma were measuredions of all the essential amino acids except arginine,
after reverse phase HPLC separation of
phenylisothiocyanate derivatives (Bidlingmeyer, 1984)
using a Waters PicoTag® column and a Shimadzu LC-10fABLE 1: Dry matter intakes and milk yields during the experimental
A HPLC system. period.

Milk samples were analysed for protein using an
infra-red analyser (Milk-O-Scan 133B, Foss Electric,

Ad libitum  Restricted SEM Prob

Hillerod, Denmark). Dry matter intake (kg/d)  16.7 12.3 0.26  P<0.01
Milk yield (kg/d) 21.6 19.8 052 P=0.14
Calculations Milk protein
concentration (%) 3.28 3.11 0.033 P=0.07

The order in which individual EAA may have been

limiting milk protein synthesis was assessed using twg/lk Protein yield (g/d) _ 0.70 0.61 0021 P=0.09
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TABLE 2: Arterial and venous concentrations, A-V concentration differences and extraction % of plasma amino acids in cawditiédraugA) and
restricted (R) intake.

Amino acid Arterial plasma Venous plasma A-V difference (mM) Extraction (%)
concentration (mM) concentration (mM)

A R SEM A R SEM A R SEM A R SEM
Arginine 73.2 83.3 10.62 48.5 50.7 8.84 247 325 M79 346 40.1 3.16
Histidine 33.3 43.2 5.25 26.6 34.6 5.39 6.8 8.6 0.47 206 209 391
Isoleucine 104.0 102.0 11.51 70.9 63.6 9.44 331 383 214 314 379 211
Leucine 115.4 125.2 16.50 70.2 69.8 12.82 452 554 3.73 389 445 244
Lysine 74.2 81.6 14.44 47.0 432 1173 272 384 Q271 36.8 48.7 461
Methionine 27.9 26.3 4.15 17.6 13.8 2.97 10.3 125 1.25 36.7 49.1 3.28
Phenylalanine 47.6 49.9 4.65 34.1 31.8 3.50 135 181 1.28 283 36.2 0.89*
Threonine 132.5 137.1 21.36 114.1 1142  20.15 184 229 1.66 150 204 331
Tryptophan 5.1 54 0.80 4.9 4.5 0.86 0.2 09 0.21 43 154 494
Tyrosine 45.7 39.7 5.78 32.6 22.7 4.67 13.2 169 157 28.7 435 [3.53
Valine 249.1 232.3 21.83 206.0 1835 21.72 43.1  48.7 0.45* 171 212 2.03
0O P<0.10
* P< 0.05
histidine and threonine. However, none of these responses DISCUSSION

were significant. ) . . .
A-V differences were consistently higher in those _1he extraction of plasma amino acids calculated in

animals with restricted DM intakes (Table 2). This effect thiS experiment are similar to those published elsewhere

was significant for valine (P=0.01); whilst arginine (P=0.09) for cows fed concentrate-based diets (Deetigl.,1974;

and lysine (P=0.10) approached statistical significance.Yang et al., 1986; llig et al., 1987; Cantet al., 1993),

Using the plasma extraction % of EAA as an indicatoréxcept for methiqnine, lysine and isoleucine. In these
of limiting AA for milk protein synthesis, it was found that €2Ses, the extraction percentages observed are lower than

leucine, lysine and methionine were the three most limit-the published data (35-50 vs 50-70%). Assuming that a
ing AA for animals offered pastugal libitum The order relatively low concentration of a particular EAA together

of limitation changed in cows with restricted intakes to With @ high extraction of that AA by the mammary gland
methionine, lysine and leucine. identifies a potentially limiting AA (Clarkt al.,1977) our

Individual EAA were expressed as a proportion of results indicated that leucine, lysine and methionine were
total EAA, and these values compared with the relative€ three main limiting AA for thed libitumfed animals.
proportion of EAA in milk protein. The ratio of the relative HOWever, the order of limitation appeared to change for
proportions of amino acids in arterial plasma versus milkrestricted animals to methionine, lysine and leucine. Davis
protein was used as an indicator of potentially limiting &t @l- (1978) found a similar sequence of potentially lim-
amino acids (Figure 1). For both levels of intakes, lysine,iNg AA in their experiment with lactating sheep, while
tyrosine, leucine, phenylalanine, methionine, tryptophanClark et al. (1977) reported that methionine and lysine

and histidine were present in plasma in lower proportiondVere the most critical amino acids. _ _
than in milk protein. The relative proportions of amino acids present in a

‘theoretical’ milk protein (Mackenzie, 1997) resembled
the required proportions of absorbable EAA for lactating
cows according to the Cornell Net Carbohydrate and Pro-
tein System (Wwet al., 1997; Table 3). The similarity
FIGURE 1: Ratio of the relative proportions of amino acids in arterial hetween the two values validates the use of the milk amino
lasma and milk protein in cows offerad libitumor restri intak ; " ; e ; ;
an;p;:d 3vith va‘I)uoetsefor air?ecfr;ic(z;aiill?:)lﬁot;n ((iif)ttt:a::jeIcijlne)tjsl > a.CId composition as means to |dent|fy|_ng potentl&}IIy lim-
iting AA. The comparison of the relative proportions of
EAA in plasma and milk protein was used by Spaeal.
(1975) and Clarlet al. (1977) to determine the order of
potential limiting amino acids for milk protein synthesis in
L dairy cows. Using different post-ruminal infusates, they
E*‘""‘?““'j consistently found that lysine, methionine and phenyla-
B Resteted lanine were the three most limiting amino acids in cows
fed total mixed rations of alfalfa hay and maize-soybean
concentrate. Similar results were found in our experiment,
in which the calculations of the relative proportions of
EAA in plasma and milk protein (Table 3) indicated that

Ratio Plasma:Milk protein

Amino acid
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