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Summary &mdash; Pastures with high degradable protein content may induce insulin resistance, reduced
insulin release and high responses to p-adrenergic signals. Twenty-seven multiparous lactating Hol-
stein cows (85 ± 17 days postpartum) grazing oat (Avena sativa) sward and rye grass (Lolium perenrze)
pasture were fed pasture alone (PA) or pasture supplemented with corn (CO) or barley (BA) based
concentrates. The experiment was conducted at the Agricultural Research Station of Balcarce (INTA),
Argentina (37°45’S, 58°18’W). The experimental period lasted 36 days, from 2 July to 6 August. On
a dry matter (DM) basis, concentrates contained CO (75%o) or BA (80%), soybean meal ( 19.6% for
CO and 5.6% for BA), sunflower meal (2.8% for CO and 11.8% for BA) and a vitamin-mineral
complex (2.6%). Cows consumed concentrates at a rate of 6.33 and 5.31 kg cow-’ day-’ for CO
and BA respectively. Total herbage allowance ranged from 21.07 to 29.82 kg DM cow! ’ . Total pas-
ture DM intake was higher (P < 0.05) in the PA treatment (I 1.93 k! cow-’ day-’) than that of cowsfed either the CO (11.02 kg coW ! day or the BA (10.75 kg cow day-’) based concentrates. The
milk production of cows was lower in the PA treatment (17.0 kg cow-’ day*’) compared to CO
(21.5 kg cow-’ day !) but not to BA (18.4 kg cow-’ day-’) based concentrates (P < 0.05). Milk
yield from cows receiving the CO or the BA based concentrates did not differ (P < 0.05). The fat con-
tent of milk from cows receiving the BA concentrate (28.4 g kg-1) was lower than that of unsupple-
mented cows (PA = 34.5 g kg 1) (P < 0.05) but not from cows receiving the CO based concentrate
(30.1 g kg-1). Milk fat content did not differ between cows fed the CO compared to unsupplemented
PA cows (P > 0.05). Milk protein or lactose content did not differ significantly between treatment
groups. Milk protein yield was higher in the CO (P < 0.05) treatment. Live weight gain was higher
in CO concentrate (0.532 kg cow-’ day-’) compared to PA (-0.035 kg cow-’ day-’) and similar
between PA and BA (0.381 kg cow-’ day-’) or the two concentrates (P < 0.05). Plasma levels of glu-
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cose (G), triglyceride (TG) and non-esterified fatty acids (NEFA) were not affected by treatments
(P > 0.05). Uraemia was lower in BA (21.2 mg dL-!) compared to PA (24.2 mg dL-1) but not to
CO (22.3 mg dL-1) treatment (P < 0.05). Plasma levels of insulin (INS) were higher in the BA
(8.89 pU mL-1) compared to PA (6.19 pU mL-1) and CO (6.63 !uU mL-!) treatments (P < 0.05).
Plasma INS was negatively correlated to milk yield (-0.354, P < 0.01) and to milk fat content
(-0.374, P < 0.01 ). Plasma G responses to INS challenge were not affected by treatments (P < 0.52).
Plasma NEFA concentrations 30 min after INS challenge were lower than the pre-injection levels
(P < 0.05) but were not affected by treatments (P > 0.05). The antilipolytic effect of INS was no
longer observed 60 min after the injection (P > 0.05) and NEFA concentrations 90 min after INS chal-
lenge resulted in higher than basal levels (P < 0.05). G concentrations 5, 10 and I S min after glucose
challenge were higher than pre-injection levels (P < 0.05) but similar between treatments. Calculated
G concentration inmediately after injection (131.9, 130.7 and 141.9 mg dL-1), G distribution volume
(40.2, 41.6 and 40.3 L) and the fractional rate of G clearance (k) (-0.041; -0.045 and-0.059) did not
differ between PA, CO and BA treatments, respectively (P > 0.05). Decreases in NEFA after G

challenge (P < 0.60) and plasma INS responses to G challenge (P > 0.05) did not differ between
treatments. The surface under the INS curve tended to be lower (P < 0.09) with CO (304 pU min-1)
compared to PA (417 pU min-1) and BA (469 pU min-’). The fractional rate of INS clearance tended
to be lower in PA (-0.02794) compared to CO (-0.04566) and BA (-0.05848) treatments. Higher P-
adrenergic responses, resistance to INS action, alterations in G metabolism or in the INS secretory
response to G did not differ between unsupplemented cows exposed to higher ammonia absorption
and cows receiving concentrates with different rumen starch degradability.
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Résumé &mdash; Concentrés à base de maïs et d’orge pour vaches laitières. Production de lait,
métabolites sanguins, réponses (3-adrénergiques aux injections d’insuline et de glucose. Les
fourrages contenant des matières azotées qui sont fortement et rapidement dégradées dans le rumen,
peuvent induire une résistance à l’action de l’insuline, une diminution de la libération pancréatique
de l’hormone ainsi que des réponses (3-adrénergiques élevées. Vingt-sept vaches laitières multipares
de race Holstein (85 ± 17 jours en lactation) en conditions de pâturage (prairies d’avoine (Avena
sativa) et de ray-grass (Lolium perenne) ont été réparties dans trois traitements : fourrage seul à
volonté (PA), fourrage à volonté plus un concentré à base de maïs (CO) et fourrage à volonté plus un
concentré à base d’orge (BA). L’expérimentation, qui a été réalisée à la station de recherche
agronomique de l’INTA de Balcarce, Argentine (37° 45’ Sud, 58° 18’ Ouest), a duré 36 jours, du 2
juillet jusqu’au 6 août. Sur la base de la matière sèche (MS), les aliments concentrés ont été consti-
tués de grains de maïs (75 %) ou d’orge (80 %), de farine de soja (19,6 % dans CO et 5,6 % dans BA),
de farine de tournesol (2,8 % dans CO et 11,8 % dans BA) et d’un mélange de vitamines et de
minéraux (2,6 %). L’ingestion du concentré a été de 6,33 kg vache-1 jour dans CO et de 5,31 kg
vache-’ jour-’ dans BA. La disponibilité totale du fourrage était de 21,07 à 29,82 kg MS vache !.
L’ingestion totale de MS provenant du fourrage a été plus élevée (p < 0,05) dans le traitement PA
(11,93 kg vache-’ jour que dans les traitements CO (11,02 kg vache-’ jour’) et BA (10,75 kg
vache-’ jour 1). La production laitière a été !lus faible dans le traitement PA (17,0 kg vache-, jour 1)
que dans le traitement CO (21,5 kg vache jour’’) (p < 0,05). Il n’y a pas eu de différences signi-
ficatives entre BA (18,4 kg vache-’ jour et les deux autres traitements (p > 0,05). Le taux butyreux
des vaches recevant le concentré à base de BA (28,4 g kg a été plus faible que celui des vaches non
supplémentées (PA = 34,5 g kg !) (p < 0,05). Il n’y a pas eu de différences de taux butyreux entre le
traitement CO (30,1 g kg !) et les autres (p > 0,05). Le taux protéique et les teneurs en lactose n’ont
pas varié. Le rendement en protéines a augmenté dans le traitement CO (p < 0,05). L’augmentation
du poids vif a été plus élevée dans CO (0,532 kg vache-’ jourJ!) que dans le traitement PA
(-0,035 kg vache-’ jour 1). Il n’y a pas eu de différences entre PA et BA (0,381 kg vache-’ jour 1)
ou entre les deux traitements avec supplémentation (p < 0,05). Les teneurs plasmatiques en glucose
(G), en triglycérides (TG) et en acides gras non-estérifiés (NEFA) n’ont pas été modifiées (p > 0,05).
Les teneurs plasmatiques en urée ont été plus faibles dans le traitement BA (21,2 mg dL-!) que dans
le traitement PA (24,2 mg dL-1) sans changement par rapport au traitement CO (22,3 mg dL-1)
(p < 0,05). Les teneurs plasmatiques en insuline (INS) ont été significativement augmentées dans le



lot BA (8,89 LtU mL-1) par rapport aux lots PA (6,19 pU mL-!) et CO (6,63 pU mL-1) (p < 0,05). Les
teneurs plasmatiques d’insuline ont été négativement associées à la production laitière (-0,354,
p < 0,01) et au taux butyreux (-0,374, p < 0,01). Les variations de concentration de G après une
injection intrajugulaire d’insuline n’ont pas été affectées par les traitements (p < 0,52). Les teneurs
plasmatiques des NEFA 30 minutes après l’injection d’insuline ont été plus faibles que les valeurs avant
l’injection (p < 0,05) mais n’ont pas été affectées par les traitements (p > 0,05). L’effet antilipoly-
tique de l’insuline n’est plus observé 60 minutes après l’injection de l’hormone (p > 0,05) et les
teneurs en NEFA 90 minutes après l’injection d’insuline ont été accrues par rapport aux concentra-
tions avant l’injection (p < 0,05). Les teneurs plasmatiques en G, 5, 10, et 15 minutes après une
injection intrajugulaire de G ont été significativement augmentées par rapport aux concentrations pré-
injection (p < 0,05). L’hyperglycémie induite reste la même entre les traitements (p > 0,05). Les
valeurs calculées de concentration plasmatique de G immédiatement après l’injection (131,9 mg
dL-!, 130,7 mg dL-! et 141,9 mg dL-1), le volume de distribution de G (40,2 L, 41,6 L et 40,3 L) et
le taux de disparition de G injecté (-0,041, -0,045 et-0,059) n’ont pas été différents entre les traite-
ments PA, CO et BA respectivement (p > 0,05). La diminution des teneurs plasmatiques des NEFA
ainsi que l’augmentation de l’insulinémie après l’injection de G n’ont pas été différentes entre les traite-
ments (p > 0,05). La surface sous la courbe d’insuline a eu tendance à être plus faible (p < 0,09)
dans le traitement CO (304 pU minute’’) que dans les traitements PA (417 pU minute-’) et BA (469
pU minute! ’ ) . Le taux de disparition de l’insuline a montré une tendance à être plus faible dans PA
(-0,02794) que dans CO (-0,04566) et BA (-0,05848). Des réponses accrues aux stimuli de type !-
adrénergique, des phénomènes de résistance à l’action de l’insuline, des altérations dans les paramètres
associés au métabolisme du glucose ou dans l’hyperinsulinémie induite par le glucose n’ont pas été
observées entre les vaches non supplémentées et exposées à une absorption majeure d’ammoniac, et
les vaches supplémentées avec des sources d’amidon de différente dégradabilité dans le rumen.
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INTRODUCTION

In the Argentine dairy production systems,
a high proportion of nutrients comes from
grazed temperate pastures, and cereal based
concentrates are often used to correct pasture
imbalances. One of the most frequent imbal-
ances observed in autumn-winter forages
is a high crude protein (CP) content with a
rapid rate of rumen dissimilation of that CP.
This is frequently coupled to a low non-
structural carbohydrate (NSCHO) content
in the forage. In this situation, considerable
loss of the nitrogen-containing moieties may
occur in the rumen, due to their availabil-

ity largely exceeding that of a source of
energy like NSCHO. The dietary protein is s
then largely destroyed by rumen microor-
ganisms and turned into ammonia (NH3).
It has been reported that cattle fed such diets
have exibited reduced growth rate and milk

production with a high rumen NH3 concen-

tration of 160-600 mg L-1 (Rearte and San-
tini, 1989).
A lack of synchronization between avail-

ability of nitrogen and energy in the rumen
means that substantial amounts of NH3 are

absorbed and conducted to the liver where it
is converted into urea. Increased supply of
free NH3 does not seem to affect the activ-

ity of the urea cycle enzymes. As a result,
the portal supply of NH3 may exceed the

capacity of the urea cycle (Madsen, 1983)
and subclinical NH3 toxicity may develop
(Symonds et al, 1981; Beever, 1993).

Elevated blood NH3 concentrations may
induce derangements in intermediary
metabolism like hyperglycaemia, increased
plasma non-esterified fatty acids (NEFA)
concentration, underutilization of glucose,
insulin resistance, reduced insulin secretion,
and enhanced responses to p-adrenergic sig-



nals (Feldman and Lebovitz, 1971; Symonds
et al, 1981; Visek, 1984; Fernández et al,
1988; Gagliostro et al, 1994).

Supplementation with corn and barley
based concentrates (degradable starch) can
provide a more synchronized supply of read-
ily available carbohydrates, reducing the
risk of hepatic NH3 overload and subclinical

NH3 toxicity.
Attention has focused on formulating

diets where NSCHO and nitrogen should
be present simultaneously in the rumen in
order to improve microbial growth and milk
yield. However, there is a lack of a clear
zootechnical benefit when a rapidly degrad-
able starch (eg, barley grain) is replaced by
a slowly degradable starch (eg, maize grain)
to enhance milk yield or to change its com-
position (Nocek and Tamminga, 1991;
Sauvant and van Milgen, 1995).

The objectives of this experiment were:
1) to test the hypothesis that a concentrate
containing a source of high rumen degrad-
able NSCHO (barley grain) may support a
greater milk production than one with a less
rumen degradable NSCHO present (maize
grain); and 2) to characterize the responses
to insulin and (3-adrenergic signals and to
investigate the possible alterations in glu-
cose metabolism or in the insulin secretory
response to glucose between unsupple-
mented grazing dairy cows exposed to
higher NH3 absorption and grazing cows
receiving concentrates with different rumen
starch degradability.

MATERIALS AND METHODS

The experiment was conducted during winter,
at the Agricultural Research Station of Balcarce
(INTA, 37 ° 45’S, 58° 18’W) in Argentina, with
10 days of pretreatment (21 to 30 June) and 36
days of treatment (from 2 July to 6 August).

Twenty-seven multiparous Holstein cows
were assigned to three treatments (each of nine
cows) on the basis of their milk production for the
10 days before allocation. At the start of the

experiment, the cows were 85 (± 17) days into
lactation, weighing 537 (± 67) kg. The cows
grazed pasture alone (PA) or were supplemented
with barley (BA) or corn (CO) based concen-
trates. On a dry matter (DM) basis, concentrates
contained corn (75%) or barley (80%) grains,
soybean meal (19.6% for CO and 5.6% for BA),
sunflower meal (2.8% for CO and 11.8% for BA)
and a vitamin-mineral complex (2.6%). Supple-
mental protein sources were varied in order to
obtain isoproteic concentrates. Components were
pelleted and concentrates (87% DM) were offered
at a rate of 7 kg cow! day-I in two equal feeds
at milking times (06.00 and 15.00 hours) in indi-
vidual feeding stalls. The amount of concentrates
fed and refusals were recorded daily. Concen-
trates were analysed for in vitro DM digestibility
(IVDMD), CP, neutral detergent fibre (NDF)
and starch.

Cows strip-grazed an oat (Avencz sativa) sward
(between the morning and the afternoon milking
times) and a rye grass (Lolium perenne) pasture
(after the afternoon milking time). The amount
of each pasture on offer before grazing was esti-
mated once a week and the grazing surface was
calculated in order to obtain a total DM allowance
of 25 kg cow-’ day Herbage mass was calcu-
lated using the regression equations between
sward height and the herbage mass. The equa-
tions were obtained for the pre- and post-grazing
strips by cutting a limited number of quadrats to
ground level to correlate with the sward height.

Pasture intake was measured four times dur-

ing the experiment (13, 20, 26 July and 2 August)
by the difference in the herbage mass measured
at the beginning and at the end of a period of
24 h of grazing (Meijs et al, 1982). In order to
obtain a normal grazing behaviour, measure-
ments were carried out using three grazing strips
with three groups of three cows in each treat-
ment. One hundred measures of sward height
were taken before and after grazing in each graz-
ing strip to estimate herbage mass as described
earlier. In order to assess the quality of the grazed
herbage, samples were obtained by hand pluck-
ing at the grazing height during each intake mea-
surement. They were analysed for DM, IVDMD,
CP, NDF and NSCHO.

Milk yield was recorded daily during the
experiment. The fat, protein and lactose contents
of milk were determined from samples obtained
on 2 consecutive days during each experimen-
tal week using a Foss 605 Milko-Scan (Foss Elec-
tric, Hillerod, Demmark). Cows were weighed



immediately after the morning milking at the
beginning and at the end of the experiment.

Blood samples from jugular vein were taken at
08.00 hours once a week during the 5 experi-
mental weeks. In the second week of the experi-
ment, preprandial (08.00 hours) blood samples
were taken before (INS-0) and 30 (INS-30), 60
(INS-60) and 90 (INS-90) min after an intravenous
bovine insulin (INS) challenge (0.12 U kg body
weight [BW]-!; Betasint, Beta Laboratory, Buenos
Aires, Argentina). In week 3, samples were taken
before (ISO-0) and I S min after (ISO-! 5) an iso-
proterenol (ISO) challenge (4 nmol kg BW-!, Pro-
terenal, Phoenix Laboratory, Buenos Aires,
Argentina) and in week 4, before (G-0) and 5 (G-
5), 10 (G-10) and 15 (G-15) min after an intra-
venous glucose (G) challenge ( 100 mg kg BW!! >.
Fractional rate of G and INS clearance (k) was
calculated as the slope of the regression of time on
InC where C = G (or INS) concentration at x 5, 10 0
and 15 - G-0 G (or INS) concentration. The inter-
cept (Co) represented the G (or the INS) concen-
tration inmediately after the end of the G injection.
The distribution volume for G (VOL-G) was cal-
culated as the ratio between the injected G mass
and Co (Ghr6n et al, 1987). Surfaces under the
INS or the G curves were calculated from the con-
centration curves of G and INS between 0 and
15 min after G injection.

Blood was collected into a heparinized flask
(5 U/mL blood) and plasma was immediately
obtained by centrifugation (2 000 g for 15 min)
and stored at -24°C until analysis. Commercial
enzymatic kits were used for G (Wiener Labo-
ratory, Rosario, Argentina), NEFA (NEFA C-
Test, Wako, TX, USA) and urea (Wiener Labo-
ratory, Rosario, Argentina). Plasma INS was
determined by radioimmunoassay with separation
by means of immunoprecipitating reagent (stan-

dards used were 10, 22, 50, 100 and 200 pU/mL
calibrated against WHO 66/304).

Milk yield, milk composition, pasture intake,
plasma metabolites and INS were analysed using
a split-plot design with treatment as main plot,
week as secondary plot and the corresponding
interaction. Live weight gain (LWG) (calculated
as the difference between live weight at the end
and at the beginning of the experiment), surfaces
under the INS and the G curves, k values for INS
and G, Co and VOL-G values were analysed by
one-way analysis of variance. Responses to INS,
ISO and G were analysed using a split-plot design
with treatment as main plot, sampling time as
the secondary plot and the corresponding inter-
action. Differences between means for treatment,
week or the interaction effects were determined

using the Newman-Keuls test (P < 0.05).

RESULTS

CO and BA based concentrates were con-
sumed at a rate of 6.33 and 5.31 kg cow&dquo;’
day respectively, which represented about
2.9 and 2.5 kg cow-I day of starch. Values
for IVDMD, CP and NDF content of the
concentrates (% DM) were respectively 86.1 I
and 92.4; 15.8 and I8.4 and 20.1 and 13.9
for BA and CO.

Values of herbage mass in the pre-graz-
ing strips and the quality of the forage appar-
ently consumed by the cows are presented in
table I. Herbage allowance and forage DM
intake for the oat sward and the rye grass
pasture are presented in table II. Cows graz-





ing pasture alone consumed more forage
DM than cows supplemented with CO and
BA concentrates (P < 0.05). The same trend
was observed when forage DM intake was
expressed relatively to body weight of cows
(24.56! 20.80 and 20.22 g DM kg t B W for
PA, CO and BA, respectively, P < 0.10).
The mean calculated substitution rate was
0.144 and 0.222 kg of forage DM kg-I con-

centrate fed. There were no differences in
total pasture DM intake between the CO
and BA groups (P > 0.05).

Milk production, milk composition and
LWG of cows are presented in table III. The
milk production of cows fed the CO based
concentrate was significantly higher
(P < 0.05) than that of unsupplemented cows
(PA) but not for cows fed the BA based con-
centrate. The fat content of milk from cows

receiving the BA concentrate was signifi-
cantly lower than that observed in cows fed
PA (P < 0.05). There were no significant
differences between PA and CO or between
CO and BA treatments (P > 0.05). The feed-
ing of CO or BA based concentrates did not
increase the protein or the lactose content
of milk above that of the PA group
(P > 0.05). Milk fat yield did not differ

between treatments but milk protein yield
was higher in the CO than in the PA and
BA groups (P < 0.05). The CO group gained
more weight than the PA group (P < 0.05).
No significant differences in LWG were
detected between the supplemented groups
or between the PA and the BA groups
(P > 0.05).

Plasma metabolite and INS concentra-
tions are presented in table IV. There were
no significant differences between treat-
ments (P > 0.05) in the mean values (5
weeks) for plasma G. The treatment x week
interaction (P < 0.001 ) showed higher
plasma G concentration for CO (90.5
mg/dL) compared to PA (79.9 mg/dL) and
BA (71.9 mg/dL) treatments (P < 0.05) in
week 1. In week 5, the respective figures
were higher in PA (71.9 mg/dL) and in CO
(72.5 mg/dL) compared to BA (66.6 mg/dL)
(P < 0.05). No significant differences
between treatments were detected for the
mean plasma NEFA and TG concentrations.
In spite of the significant treatment x week
interaction for triglyceride (TG), there were
no differences between treatments within
weeks of sampling (P > 0.05).



Plasma urea was higher in the PA than
the BA group (P < 0.05). Non-significant
differences were detected between CO and
the other treatments (P > 0.05). The treat-
ment x week interaction (P < 0.006) showed
that in week 3 (PA= 22.3 mg dL-1, BA=
19.0 mg dL 1) and in week 5 (PA= 29.6 mg
dL-1, BA= 23.0 mg dL-1) the BA (but not
the CO) based concentrate induced lower
plasma urea levels compared to PA treat-
ment (P < 0.05). Plasma urea and NEFA
were correlated in PA (r = 0.371; P < 0.01 )
and in CO (r = 0.317; P < 0.05) but not in
BA treatment. When data from the three
treatments were pooled, plasma urea and
milk yield were negatively correlated (r =
- 0.204; P < 0.05).

Plasma levels of INS were higher in BA
cows compared to the other two treatments
(P < 0.05). Significant correlations between
plasma INS and metabolites were not
detected. When data from the three treat-
ments were pooled, plasma INS was nega-
tively correlated to milk yield (r = -0.354;
P < 0.01) and to milk fat content (r = -0.374;
P < 0.01). Milk protein content tended to
increase when plasma INS levels increased
up to 10 pU mL- and then, a decrease was
observed (data not shown).

Neither treatment (P < 0.516) nor inter-
action (P < 0.928) effects were detected in
the decrease in plasma G concentration after
a single intravenous INS injection. Aver-
age G values for the three treatments were
76.9 mg dL-! (INS-0), 38.1 mg dL-! (INS-
30), 50.1 mg dV’ (INS-60) and 63.3 mg
dL-i (INS-90). The hypoglycaemic action of
INS lasted up to 90 min after the hormone

injection (P < 0.05).

Decreases in plasma NEFA concentra-
tion were observed at 30 min after INS injec-
tion and they were not affected by concen-
trate feeding (P < 0.466). Treatment x time
of sampling interaction was not detected
(P < 0.13). Mean values from all treatments
showed that the antilipolytic effect of INS
was not observed longer at INS-60 samples
(348 gEq L-!) (P > 0.05) and the mean
plasma NEFA concentration observed at
INS-90 (414 pEq L-1) was higher than the
mean basal INS-0 values of 349 gEq L-1.
However, this lipomobilization effect at
INS-90 was only observed in the PA treat-
ment (+150; P < 0.01). ).

Plasma NEFA and G responses to iso-

proterenol injection are presented in table V.
In both metabolites, neither the pre-injec-
tion plasma levels nor the concentration



increase after isoproterenol injection were
affected by treatments (P > 0.10). Interaction
between treatment and sampling hour were
not detected. Similar conclusions were
obtained when data were analysed as the
differences between ISO-15 minus ISO-0
concentrations for G (P < 0.965) and NEFA
(P < 0.541).

Neither treatment (P < 0.74) nor interac-
tion (P < 0.347) effects were detected for
the increase in plasma G concentration after
a single intravenous G injection. Average
G values from the three treatments showed
increases (P < 0.05) in G concentration of
48.8, 38.7 and 31.4 mg dL-! in G-5, G-10
and G-15 samples compared to basal G-0
values of 70.3 mg dL-1. The surface under
the G curve was not changed by treatments
(PA = 93.9; CO = 88.0; BA = 89.9 mg dL-1
mip P < 0.14). The calculated Co values
for G were not affected (P < 0.56) by treat-
ments (131.9, 130.7 and 141.9 mg dL-1 for

PA, CO and BA respectively). The calcu-
lated distribution volume for G was 40.22,
41.56 and 40.33 L (P < 0.91) and the G k
values obtained were -0.041, -0.045 and
- 0.059 (P < 0.51) in PA, CO and BA treat-
ments, respectively.

Decreases in plasma NEFA concentra-
tions after G challenge did not differ
between treatments (P < 0.598) and inter-
action between treatment x sampling time
was not detected (P < 0.818). Decreases in
plasma NEFA concentration were observed
at 5, 10 and 15 min after G injection com-
pared to G-0 values (P < 0.0001 for sam-

pling time). Average plasma NEFA from
the three treatments were 418 (G-0), 334
(G-5), 327 (G-10) and 289 (G-15) pEq L-1.

Uraemia was increased at 10 (17.84 mg
dL-1) and at 15 (17.73 mg dL-1) min after G
injection compared to the basal G-0 values
of 16.06 mg dL-1 (P < 0.0001 for sampling
time) without significant differences
between treatments (P < 0.833). Treatment
x sampling time interaction was not signif-
icant (P < 0.359).

There was no significant difference
between treatments in the secretory INS
response to G injection (P < 0.113). Sam-
pling time was highly significant (P < 0.001)
and no treatment x sampling time interaction
was detected (P < 0.212). Average INS val-
ues from all treatments were 7.57 pU mL-1
(G-0), 32.27 pU mL-! (G-5), 31.74 pU mL-1
(G-10) and 23.97 pU mL-1 (G-15). The cal-
culated Co values for INS tended to be



higher in BA (50.7 pU mL-1) compared
to CO (33.0 pU mL-1) and to PA

(39.4 pU mL-1) treatments (P < 0. I 1 The
surface under the INS curve tended to be

higher in BA (469 pU min-’) compared
to CO (304 pU min-!) and to PA

(417 7 pU min-1) treatments (P < 0.09). The
ratio between the INS and the G areas
tended to be higher in BA (1.97) compared
to the CO (1.66) and to PA (1.24) treatments
(P < 0.11). The estimated k values for INS
were -0.0279, -0.04566 and -0.05848 in
PA, CO and BA treatments respectively
(P < 0.533).

DISCUSSION

In this experiment, forage fibre content did
not exceed the values considered critical for
maximum intake and milk production (ie,
500-550 g NDF kg-1 DM; Paterson et al,
1994) and pasture CP content fell within the
range of 150-250 g CP kg-I DM proposed
by Minson (1990) to obtain high values of
forage DM digestibility. The observed coef-
ficients of IVDMD of the forage apparently
consumed by cows were indeed very high
(table I). These data suggest that forage qual-
ity was adequate. Forage DM intake was
relatively low (2.33% of BW in PA treat-
ment) and the depressing effects of con-
centrate feeding on forage DM intake were
low (table II). The mean substitution rates
observed were low (0.14-0.22) compared
to the values of 0.40-0.60 observed by Meijs
(1981) when 2-4 kg of concentrate were
fed to lactating dairy cows. These results
could be linked to low values of DM
allowance because total herbage allowance
and forage DM intake were positively cor-
related (r = 0.643, P < 0.001). When pas-
ture intake is low reduced substitution rate
coefficients are obtained (Meijs, 1981; Meijs
and Hoekstra, 1984). The lack of differences
in pasture DM intake between the cows fed
the CO and BA based concentrates could
be explained in part by the absence of any

effect of type of supplement on kinetics of
cell wall degradation in the rumen, as was
observed by Kloster et at (1994b) using the
same type of concentrates.

The higher milk production observed in
cows fed the CO based concentrate com-

pared to PA could not be explained by a
higher milk lactose content (table III). As
the forage intake was only slightly depressed
in CO fed cows compared to PA cows
(-0.91 kg DM cow-I day-1; table II), the
higher milk yield observed could be
explained by a higher total energy intake of
cows. When energy intake is enhanced by
concentrate feeding, an increase in milk
yield could be expected (Remond, 1985;
Oldham and Emmans, 1988; Nocek and
Tamminga, 1991 ). The lack of differences in
milk yield between BA and PA treatments
could be explained by the lower DM intake
of the BA concentrate (-15.3% compared
to CO) and also by the lower net energy
(NE) content of the BA concentrate (-10.1 %
compared to CO) that can be calculated from
feed tables (Inra, 1988). The difference in
NE intake between BA and CO fed cows

arising from the lower DM intake of con-
centrate observed can be calculated to be of
23.8%. The lower intake of concentrate
observed in BA could be explained by a
lower palatability of the barley as reported in
other studies using complete mixed rations
(Casper and Schingoethe, 1989; McCarthy
et at, 1989; Casper et al, 1990). The absence
of significant differences in milk yield
between the BA and the CO based concen-
trates is in agreement with the observation
that there is a lack of a clear zootechnical
benefit of replacing a rapidly degradable
starch (eg, barley grain) by a slowly degrad-
able one (eg, maize grain) to enhance milk
yield (Nocek and Tamminga, 1991; Sauvant
and van Milgen, 1995). Other experimen-
tal results obtained seem to confirm this
observation (DePeters and Taylor, 1985; de
Visser et al, 1990; Grings et al, 1992;
Kloster et al, 1994a; Gagliostro et at, 1996).
The milk fat content was sharply decreased



in the BA respect to the PA treatment
(-6.1 g kg-1, P < 0.01). BA based supple-
ments have had either no effect on (DePeters
and Taylor, 1985; Casper and Schingoethe,
1989; Weiss et a], 1989; Grings et al, 1992;
Kloster et al, 1994a; Gagliostro et al, 1996)
or have decreased (Herrera-Saldana and
Huber, 1989; Casper et al, 1990) milk fat.
The negative effects on milk fat were some-
times followed by a higher rumen propi-
onate proportion (Casper et al, 1990) or by
a lower rate of acetate to propionate in the
rumen (Herrera-Saldana and Huber, 1989),
although higher rumen propionate levels
without a negative effect on milk fat were
also observed (McCarthy et al, 1989; Weiss
et al, 1989). Rumen-derived propionate
increases hepatic gluconeogenesis and
plasma insulin concentrations which may
promote the utilization of nutrients (acetate,
G, D-3-hydroxybutyrate, TG) by other tis-
sues (muscles and adipose tissue) rather than
mammary tissue (Chilliard, 1987). The
rumen acetate/propionate ratio was not mea-
sured, but the plasma insulin levels were
higher in BA fed cows (table IV) and plasma
insulin was negatively correlated to milk
fat. The sharp decrease in the milk fat con-
tent of cows receiving the BA based con-
centrate should be an important factor to be
considered in formulating diets with a source
of rapidly and highly rumen degradable
starch.

As observed here (table III), as well as
in previous reports (DePeters and Taylor,
1985; Herrera-Saldana and Huber, 1989;
McCarthy et al, 1989; Weiss et al, 1989;
Casper et al, 1990; Grings et al, 1992;
Kloster et al, 1994a; Gagliostro et al, 1996),
milk protein content does not seem to be
affected when CO is replaced by BA in the
diet of lactating dairy cows.

Ruminal NH3 concentration is the main
source of variation in plasma urea levels. In
this experiment, NH3 concentration ranged
from 5 to 26 mg dL-1 (measured with six
additional fistulated cows in a latin square

design) without differences (P < 0.15) in
the mean values for PA (15.7 mg dL- 1), CO
(14.1 mg dL-1) and BA (15.7 mg dL-1)
(unpublished results). The observed capac-
ity of the BA based concentrate to decrease
uraemia (table IV) may be important in graz-
ing situations where extensive forage protein
degradation and high rumen NH3 concen-
trations are observed. The absence of sig-
nificant differences between CO and BA in
uraemia is in accordance with other studies
conducted indoors (Casper and Schingoethe,
1989; Casper et al, 1990) or in grazing con-
ditions (Gagliostro et at, 1996) and could
be explained by the lack of effect of type of
concentrate on ruminal NH3 (Kloster et al,
1994b; Gagliostro et at, 1996) and on kinetic
parameters of protein digestion in the rumen
(Kloster et at, 1994b). The lack of differ-
ences in basal (table IV) or stimulated (table
V) plasma NEFA levels suggests that the
cows fed only PA were not in negative
energy balance in spite of the difference
observed in LWG (table III).

In our experiment, supplementation of
the forage diet with the BA or the CO based
concentrates was practiced in an attempt to
correct a deficiency in NSCHO that is usu-
ally and spontaneously observed in fresh
forages during the autunm-winter seasons
and to prevent the potential risk of an excess
of NH3 absorption from the rumen.

Glucose (Soar et at, 1973; Spires and
Clark, 1979; Symonds et al, 1981; Visek,
1984; Fernández et al, 1988) and NEFA
(Visek, 1984; Femandez et al, 1988) are ele-
vated when liver detoxification capacity of
NH3 is exceeded and NH3 can reach sys-
temic circulation. In Hereford steers, plasma
glucose concentrations exhibited an increase
above pre-injection levels (12%) when
ammonium chloride was infused into the

jugular vein (Fernández et al, 1988). In dairy
cows, blood glucose concentrations
increased up to 98.8 mg dL-! when ammo-
nium acetate was infused via a mesenteric
vein and uraemia reached values of



42 mg dL-1 (Symonds et al, 1981 ). In our
experiment, no significant differences
between treatments (P > 0.05) were
observed in the mean values of the 5 exper-
imental weeks for plasma glucose (table
IV). It has been suggested that the hyper-
glycaemia associated with hyperammone-
mia can apparently be explained by the com-
bined effects of a reduced utilization of

glucose by insulin-sensitive extrahepatic tis-
sues, a reduced insulin secretion by the pan-
creatic p-cells and an enhanced hepatic
glycogenolysis (Spires and Clark, 1979;
Symonds et al, 1981; Visek, 1984;Feman-
dez et al, 1988). Concerning the former, the
lack of differences in the hypoglycemic
effects of insulin suggested that the respon-
siveness of peripheral glucose utilization to
INS was similar between forage-fed cows
and cows fed the CO or BA based supple-
ments. The calculated Co values of glucose
and the peak in glucose plasma concentra-
tions obtained 5 min after the injection of
glucose reflected a similar extent of induced
hyperglycaemia in the cows exposed to
higher NH3 absorption and in the supple-
mented cows. Moreover, there were no sig-
nificant differences between the glucose dis-
appearance rate, expressed as k. Changes in
the rate of glucose disposal after exogenous
glucose administration would have reflected
alterations in peripheral glucose utilization
(Sasaki et al, 1984). The similar calculated
distribution volume between treatments may
have also been reflecting an equal ability of
the injected glucose to reach and penetrate
into the intracellular compartments. The
lack of differences in the areas under the

glucose curve adds additional support to
speculate an absence of any sign of insulin
resistance or alterations in glucose
metabolism in the PA cows and hence

exposed to a higher NH3 absorption from
the rumen. Plasma glucose increased 12%
during ammonium chloride infusion in steers
and remained elevated 180 min post-infu-
sion in spite of the hyperinsulinemia
observed during this time, probably reflect-

ing insulin resistance after the infusion
period (Fernandez et al, 1988).

It has been demonstrated that the ammo-
nium ion alters in vitro insulin secretion at
concentrations normally found in blood and
that this ion may modulate insulin release
in physiological states (Feldman and
Lebovitz, 1971 ). Concerning the hyphothe-
sis of a reduced pancreatic ability to secrete
insulin in cattle exposed to high amounts of
NH3 absorption, we have not observed either
a significant lower increase in the plasma
insulin concentration after glucose injection
or a significant lower insulin area, Co values
or changes in the rate of insulin disposal
after exogenous glucose administration in
PA cows (P > 0.05). Nevertheless, it is
important to note that the basal insulin con-
centration was higher in the BA group
(table IV) and the areas under the insulin
curve (P < 0.09), the calculated insulin con-
centration inmediately after the end of the
glucose injection (P < 0.11) and the insulino-
genic index (ratio between the insulin and
the glucose areas) (P < 0.11 ) tended to be
higher in the BA treatment where the lower
values of uraemia were observed (table IV).
Plasma urea increased 39% and plama
insulin concentration decreased 26 to 46%

during ammonium chloride infusion in steers
(FernAndez et al, 1988). The increase in
insulin secretion in ruminants is markedly
stimulated by feeding, being greater with
high-concentrate than with high-roughage
diets (Chilliard, 1987; Sasaki et al, 1984).
Glucose injection was given here in pre-
prandial conditions in order to minimize the
insulinotropic effects of volatile fatty acids
(mainly propionate) that may have compli-
cated the interpretation of the insulin secre-
tory response to glucose injection between
diets. Inflow of glucose into the glucose
pool may occur from both gluconeogenesis
and glycogenolysis. The similarity extent
in the plasma glucose levels induced by iso-
proterenol injection (table V) suggested that
an enhanced hepatic glycogenolysis was
probably not occurring in the unsupple-



mented cows. Concerning gluconeogene-
sis, it was also postulated that NH3 over-

load decreases hepatic glucose production
from propionate (Weekes et al, 1978; Aiello
et al, 1985; Demigné et al, 1986b; Remesy
et al, 1986). Although propionate was
injected (100 mg kg-I BW; Demigné et al,
1986a; Ghr6n et al, 1987) into the jugular
vein of all cows it did not yield hypergly-
caemia in any treatment at either 60 min

(71.9 mg dL-1) or 90 min (70.9 mg dL-1)
after propionate injection compared to basal
(pre-injection) glucose values of
70.4 mg dL-1 (P < 0.703 for hour of sam-

pling) (results not presented).

The liver plays a critical role for the main-
tenance of non-toxic concentrations of NH3 3
in the plasma and such a function requires
high quantities of energy to be expended
(Rémésy et al, 1986). The increase in
uraemia 10 and 15 min after the glucose
injection suggests that the formation of urea
may have been limited by energy and that
the portal supply of NH3 may have not been
exceeding the capacity of the urea cycle. It
has been demonstrated that propionate avail-
ability stimulates urea production in sheep
hepatocytes (Rémésy et al, 1986), but in our
experiment, uraemia was not increased at 60
min after intrajugular propionate injection
(26.9 mg dL-1) compared to the pre-injec-
tion plasma urea levels (26.8 mg dL-1)
(P < 0.988) (results not shown).

Total catecholamines tended to increase
with subclinical NH3 toxicity (Fernandez et
al, 1988) and this may account for the higher
basal (Fernández et al, 1988) or stimulated
(Gagliostro et al, 1994) plasma NEFA con-
centrations observed during hyperam-
monemia. In our experiment, plasma cate-
cholamine levels have not been measured
but higher basal or stimulated (ISO) plasma
NEFA levels were not observed in the PA
treatment. This result was consistent with
the lack of treatment effect on the antilipoly-
tic effects of insulin and glucose and with
the absence of changes in the hypoglycaemic

effects of insulin because a reduction in adi-

pose tissue uptake of glucose may induce a
lower rate of fatty acid re-esterification and
enhanced lipomobilization (Chilliard, 1987;
Vernon, 1988).

The fact that the plasma NEFA concen-
tration 90 min after insulin injection was
higher than the pre-injection values in PA
(+152 NEq f!-1, P < 0.01) may reflect a com-

pensatory mechanism to upset the insulin-
induced hypoglycaemia. If glucose avail-
ability to muscle cells is reduced, NEFA
will be oxidized at a greater rate (Madsen,
1983).

Hyperglycaemia coupled to insulin resis-
tance, high glucose and NEFA increments
after isoproterenol challenge were observed
in grazing dairy cows when rumen ammonia
and plasma urea concentrations averaged
21.57 and 38 mg dL-1, respectively
(Gagliostro et al, 1994), values that were
considerably higher than those observed in
this experiment ( 14.1-15.7 for NH3 and
21.2-24.2 mg dL-1 for uraemia). 

’

In conclusion, changes in the responses to
insulin and (3-adrenergic signals or alter-
ations in glucose metabolism or in the
insulin secretory response to glucose were
not observed between unsupplemented graz-
ing dairy cows (exposed to higher NH3
absorption) and the cows receiving con-
centrates with different rumen starch degrad-
ability. In our experiment, we preferred not
to utilize non-protein nitrogen to induce the
ammonia challenge in order to explore the
possible metabolic derangements of NH3
overload in naturally occurring grazing con-
ditions. In the pastures utilized, the
NSCHO/CP ratio observed (0.71-1.23) was
higher than that obtained by Gagliostro et
al (1994) (0.24) where insulin resistance
and enhanced p-adrenergic responses were
detected. Thus, it is likely that insufficient
NH3 challenge was presented in the PA
treatment to upset carbohydrate and lipid
metabolism or to negatively affect the secre-
tory insulin response to glucose challenge.



The fact that there were no differences in
milk yield between the two concentrates
tested seems to confirm that there is a lack of
a clear zootechnical benefit when replacing
a rapidly degradable starch by a slowly
degradable starch. The decrease in the milk
fat content of cows receiving the BA based
concentrate is an important factor to be con-
sidered in formulating diets with a source
of rapidly and highly rumen degradable
starch. On the other hand, the decrease in
uraemia observed with the BA based sup-
plement may reflect a better equilibrium
between the fermentability of dietary nitro-
gen and the utilization of NH3 in the rumen.
This may be of interest in autumn-winter

forages with a low NSCHO/CP ratio in order
to avoid the metabolic risk of an excess of

NH3 absorption from the rumen.
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