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Cambios en la capacidad tampdn de dietas con 27% o 37% de
FDN durante su digestion ruminal in vitro

Changes in the buffering capacity of diets with 27% or 37% NDF
during in vitro ruminal digestion
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Abstract

Changes in the buffering capacity of two diets differing in neutral detergent fiber level(NDF, 27% and
87%) were evaluated during in vitro digestion as well as for rumination time induced by each diet. Buff-
ering capacity (meq HCl/g of DM/pH) was measured in complete diets and in the in vitro digestion resi-
dues after 3, 6, 9, 12, 24 and 48 hours. Rumination time was evaluated in six Holstein heifers (300 *
17 kg BW). The diet containing 37% NDF had a higher (P < 0.05) buffering capacity (204 meq HCl/g
of DM/pH) than the diet containing 27% NDF (147 meq HCl/g of DM/pH) before incubation and after
three (699 vs. 458) and six (639 wvs. 416) hours of incubation. Rumination time was longer (P < 0.05) in
heifers fed with the diet containing 37% NDF (210 min/12 h) than with the diet containing 27% NDF
(161 min/12 h). Dietary NDF level has two effects on buffering capacity; its intrinsic buffering properties
during the first hours of digestion and an indirect effect by stimulating rumination.

Key words: BUFFERING CAPACITY, DAIRY CATTLE, NEUTRAL DETERGENT FIBER, RUMINAL pH,
RUMINATION.

Resumen

Se determiné la capacidad tampoén (CT) de dos dietas con distinto nivel de fibra detergente neutro
(FDN; 27%y 37%) durante su digestién in vitroy el tiempo de rumia inducido por las dietas. La CT (meq
de HCl/g de MS/pH) se midi6 en las dietas completas y en los residuos de su dlgestlon invitroalas 3, 6, 9,
12, 24 y 48 h, y el tiempo de rumia se estim6 en seis vaquillas Holstein (300 + 17 kg). La dieta con 37%
de FDN mostré mayor CT (204 meq de HCl/g de MS/pH; P < 0.05) que la de 27% §e FDN (147 meq de
HCl/g de MS/pH). Esta diferencia se mantuvo en los residuos de la digestion de las dietas durante las
tres (699 vs 458) y seis (639 vs 416) horas de incubacién. El tiempo de rumia fue mayor (P< 0. 05) en las
vaquillas alimentadas con la dieta que contenfa 37% de FDN (210 min/12 h) que en la contenia 27% de
FDN (161 min/12 h). El nivel de FND dietario tiene dos efectos en la CT; el primero por su CT intrinseca
durante las primeras horas de la digestion, y el segundo indirecto por el estimulo de la rumia.

Palabras clave: CAPACIDAD TAMPON, GANADO LECHERO, FIBRA DETERGENTE NEUTRO, pH RUMI-
NAL, RUMIA.
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Introduction

he risk to induce ruminal acidosis caused

by high quantities of energetic concentrates

used in diets is a problem in intensive milk
production systems. This condition can lead to great
looses for the producers, as their animals reduce both
food intake and milk production. With the purpose
of reducing the risk of acidosis in animals, produc-
ers include mineral buffer substances in the diets,
which represents a big cost.' Among the natural
mechanisms to regulate ruminal pH, outstands the
continuous flow of buffer substances contained in the
saliva.” Rumination time and the quantity of saliva
produced by the animal depend on factors such as
the proportion, as well as the physical and chemical
characteristics of the neutral detergent fiber (NDF)
consumed and the size of the particle.”” The diet can
play an important role in the regulation of ruminal
pH, as dietary ingredients have particular buffering
capacities. It has been postulated that the buffering
capacity of the ingredients and the nutriments that
conform a diet is additive.®*” However, the behavior of
the buffering capacity when the ingredients of a diet
are mixed and during their digestion is unknown. It
is possible that the buffering capacity of dietary resi-
dues is modified’ by digestion, as diets have variable
proportions of fractions of fast, intermediate and low
degradation.® The NDF is one of the ingredients of
milk herd diets, representing between 27% and 37%
of the diet” and it can strongly influence not only the
digestion and rumination time, but also the buffering
capacity of the diets and its residues from digestion.
Therefore, two experiments were conducted in this
research: the first one with the objective of determin-
ing the buffering capacity of two rations with differ-
ent proportions of NDF (27% and 37%) during their
in vitro digestion, and the second one in order to esti-
mate rumination time in heifers fed with these diets.

Material and methods

Two diets with different proportions of NDF (27% and
37%) and with the same ingredients’ were elaborated
for high and low milk production cows (Table 1). The
mixture of the ingredients, except for the alfalfa hay,
was designated as supplements. The diets were used
in two independent experiments: one of them to
assess the effect of in vitro digestion over the dietary
buffe-ring capacity and the other one to estimate the
rumination time in heifers fed with these diets.

Experiment 1

The specific buffering capacity of each ingredient,
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Introduccion

n los sistemas intensivos de produccién de

leche bovina se corre el riesgo de inducir

acidosis ruminal a causa de las cantidades
altas de concentrados energéticos que se usan en
las dietas. Este padecimiento de las vacas puede
ser causa de grandes pérdidas para los producto-
res, puesto que los animales reducen su consumo
de alimento y su produccién de leche. Con el fin de
reducir el riesgo de acidosis en los animales, los pro-
ductores incluyen en las dietas sustancias minerales
tampon, lo que representa un gasto elevado.' Entre
los mecanismos naturales del animal para regular el
pH del rumen sobresale el suministro continuo de
sustancias tampén de la saliva.” El tiempo de rumia
y la cantidad de saliva producida por el animal
dependen de factores como la proporcién y carac-
teristicas fisicas y quimicas de la fibra detergente
neutro (FDN) consumida y el tamafio de particula.”
® La dieta puede tener una funcién importante en
la regulacién del pH ruminal, puesto que los ingre-
dientes dietarios presentan capacidades tampo-
nes particulares. Se ha postulado que la capacidad
tampoén de los ingredientes y nutrimentos que com-
ponen una dieta es aditiva.®’ Sin embargo, se desco-
noce el comportamiento de la capacidad tampén al
mezclarse los ingredientes en una dieta y durante
su digestion. Es posible que la capacidad tampén de
los residuos dietarios se modifique’ en funcién de su
digestién, puesto que las dietas poseen proporciones
variables de las fracciones de rapida, intermedia y
lenta degradacion.® La FDN es uno de los constitu-
yentes de las dietas para ganado lechero, representa
entre 27% 'y 37% de la dieta’ y ésta puede tener una
fuerte influencia, no sélo en la digestién y el tiempo
rumia, sino también en la capacidad tampén de las
dietas y sus residuos de digestién, por lo que en esta
investigacién se realizaron dos experimentos: El
primero con el objetivo de determinar la capacidad
tampo6n de dos raciones con diferente proporcién de
FDN (27% y 37%) durante su digestién in vitro, y el
segundo para estimar el tiempo de rumia inducida
en vaquillas alimentadas con estas dietas.

Material y métodos

Se elaboraron dos dietas con diferente proporciéon
de FDN (27%y 37%) y con los mismos ingredientes,’
para vacas de alta y baja produccién lechera (Cuadro
1). La mezcla de los ingredientes, excepto el heno de
alfalfa, se designé como suplementos. Las dietas se
usaron en dos experimentos independientes; uno de
ellos para determinar el efecto de la digestion in vitro
en la capacidad tampon dietaria y el otro para esti-



Cuadro 1

INGREDIENTES Y COMPOSICION QUIMICA DE DOS DIETAS FORMULADAS PARA CONTENER

27% O 37% DE FDN
INGREDIENTS AND CHEMICAL COMPOSITION OF TWO FORMULATED DIETS CONTAINING
27% OR 37% OF NDF
NDF in the diet (%)
Ingredient % 27 37
Alfalfa hay 40.00 60.00
Grains of barley 42.14 20.25
Rice hulls 9.41 7.67
Molasses 5 .00 0.68
Corn stover 1.44 9.36
Mineral premixture 2.00 2.00
Nutriment
NDF(%) 27 .00 37.00
ME (Mcal/kg of DM)* 2.77 2.50
CP (%) 14.50 14.50

*ME = metabolic energy calculated with the values’ of each ingredient.

and once they were mixed in the diets before they
were submitted to in vitro digestion, was measured.
For this purpose, the technique of Jasaetis et al.,” was
used, weighing 0.5 g of dry sample and ground to
a particle size smaller than 1 mm. The sample was
diluted in 50 ml of distilled water (pH 7.0), mixed
and immediately tittered with HCI (0.01 N). The
variation of pH for each volume of acid added was
recorded, until a value of 4.0 = 0.2 was reached at
final point. The total volume of HCI (0.01 N) was
used to calculate the buffering capacity, defined as
the meq of HCI required to diminish the pH in one
unit per gram of dry matter (DM). The relative buffe-
ring capacity for each ingredient in the supplement
or in the complete diet was estimated by multiply-
ing the proportion of the ingredients by its specific
buffe-ring capacity.

The variation of the buffering capacity during the
in vitro'"® digestion of the diets was determined in the
residues of the diets incubated at 39°C with a ruminal
inoculum obtained from Holstein heifers fed with the
diet containing 37% of NDF. Digestion was stopped by
refrigerating the residues at 4°C after 3, 6, 9, 12, 24 and
48 hours. No chemical inhibitors to stop the reaction
were employed, trying to avoid any changes in the buff-
ering capacity. The residue was centrifuged at 5 000 g
during 30 min and the supernatant was eliminated. In
order to calculate the buffering capacity, the sediment
was diluted with 50 ml of neutral distilled water and tit-
tered with HCI (0.01 N). After tittering, the residue was
filtered through paper” and dried at 60°C for 48 h, to

mar el tiempo de rumia en vaquillas alimentadas con
estas dietas.

Experimento 1

Se midi6 la capacidad tampoén especifica de cada
ingrediente por separado y una vez mezclados en las
dietas, antes de someterlas a la digestién in vitro. Con
este proposito se usé la técnica de Jasaetis et al.,® se
pesaron 0.5 g de muestra seca y molida a un tamafo
de particula menor a 1 mm. La muestra se diluy6 con
50 ml de agua destilada (pH 7.0), se mezclé e inme-
diatamente se titul6 con HCI (0.01 N). La variaciéon
del pH se registr6é para cada volumen de 4cido adi-
cionado hasta alcanzar el valor de 4.0 = 0.2, en el
punto final. El volumen total de HCI (0.01 N) sirvié
para calcular la capacidad tampén definida como los
meq de HCI requeridos para disminuir el pH en una
unidad, por gramo de materia seca (MS). La capa-
cidad tampon relativa para cada ingrediente en el
suplemento o en la dieta completa se estimé multipli-
cando la proporcién del ingrediente por su capacidad
tampon especifica.

La variaciéon de la capacidad tampoén durante la
digestién in vitro'® de las dietas, se determiné en los
residuos de las dietas incubadas a 39°C con un inéculo
ruminal extraido de vaquillas Holstein alimentadas
con la dieta que contenia 37% de FDN. La digestion
fue detenida por refrigeracion de los residuos a 4°C, a
las 3, 6, 9, 12, 24 y 48 h; no se emplearon inhibidores
quimicos para detener la reaccién, con el fin de evitar
que éstos causaran cambios en la capacidad tampon.
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determine the residual DM and express the buffering
capacity per gram of residue.

The specific buffering capacity of the ingredi-
ents was compared with a completely random design
with three repetitions. The buffering capacity of the
residues was analyzed by a divided parcels design,
where the biggest parcel was the incubation time and
the smallest parcel corresponded to the NDF level.
In both cases an analysis of variance (o = 0.05) and
Tukey’s test were employed. To compare the bufter-
ing capacity of the supplements and the complete
diets determined by tittration with the estimated in
an additive way,” from the relative buffering capac-
ity of the ingredients, an confidence interval for the
buffe-ring capacity of the diets was obtained."

Experiment 2

To determine the rumination time and the variation
of the ruminal pH, six Holstein heifers (300 = 17 Kg
of body weight) with ruminal fistula were used. One
of the formulated diets (27% or 37% of NDF) was
randomly designated to each group formed by three
heifers. These were fed with 10.5 kg of DM/d, divid-
edin two similar rations (8 am and 8 pm). While fee-
ding they were given the alfalfa hay first and then
the mixture of the other ingredients (supplements).
To determine ruminal pH, 50 ml of ruminal fluid
were recollected from the ventral zone and from the
forage stratum of the rumen, every 3 h after eating.
The pH was determined with a potentiometer. The
animal behavior was recorded every five minutes
during 24 hours as: rumination (R), eating (E),
drinking (D) or resting (RT). Rumination time was
analyzed at lapses of 3, 6, 9 and 12 h in two periods
(diurnal and nocturnal). The information obtained
was analyzed with a divided parcel design," where
the biggest parcel corresponded to rumination time
and the smallest parcel to the NDF level contained in
the diet, with three repetitions.

Results

Experiment 1

The specific buffering capacity of the ingredients
used in the diets is presented in Table 2. It was found
that the BC of the mineral mixture and the alfalfa
hay was high (P < 0.01); the corn stover, the cotton
hull and the molasses obtained a medium buffering
capacity (P < 0.01), while the barley showed a low
buffering capacity (P < 0.001) (Table 2).

The relative BC of the ingredients, as well as the
BC of the supplements and the complete diets are
shown in Table 2. The relative contribution of the

206

El residuo se centrifugd a 5 000 g durante 30 min, y
el sobrenadante fue eliminado. El sedimento se diluy6
con 50 ml de agua destilada neutra y se titul6 con HCI
(0.01 N) para calcular la capacidad tampén. Después de
la titulacion, el residuo se filtr6 a través de papel” y se
secd a 60°C por 48 h, para determinar la MS residual y
expresar la capacidad tampoén por gramo de residuo.
La capacidad tampén especifica de los ingredien-
tes se comparé de acuerdo con un disefio comple-
tamente al azar con tres repeticiones. La capacidad
tampon de los residuos se analizé6 con un disefno
de parcelas divididas, donde la parcela mayor fue
el tiempo de incubacién y la parcela menor corres-
pondié al nivel de FDN. En ambos casos se aplico
un andlisis de varianza (o = 0.05) y la prueba de
comparaciéon de medias de Tukey. Para comparar
la capacidad tampoén de los suplementos y las dietas
completas determinada por titulacién con la estimada
de manera aditiva’® a partir de la capacidad tampo6n
relativa de los ingredientes, se obtuvo un intervalo de
confianza de la capacidad tampo6n de las dietas."

Experimento 2

Para determinar el tiempo de rumia y la varia-
cién del pH ruminal, se utilizaron seis vaquillas
Holstein (300 + 17 kg de peso vivo) con fistula
ruminal. Se asigné al azar una de las dietas for-
muladas (27% o 37%, FDN) a cada grupo formado
por tres vaquillas, éstas se alimentaron con 10.5
kg de MS/d, en dos porciones iguales (8 am y 8
pm). Durante la alimentacién se les proporcioné
primero el heno de alfalfa y luego la mezcla de los
otros ingredientes (suplementos). Para determinar
el pH ruminal, se recolectaron por separado 50 ml
de fluido ruminal de la zona ventral y del manto
de forraje del rumen, cada 3 h pospandrial. E1 pH
se le determiné con un potenciémetro. El com-
portamiento animal se registré cada cinco minu-
tos durante 24 h como: Rumiando (R), comiendo
(C), bebiendo (B) o descansando (D). El tiempo
de rumia se analiz6 en lapsos de 3, 6, 9y 12 h
en dos periodos (diurno y nocturno). La informa-
cién obtenida se analizé con un diseno de parcelas
divididas,"" donde la parcela grande se asigné al
tiempo de rumia y la parcela chica al nivel de FDN
en la dieta, con tres repeticiones.

Resultados

Experimento 1

La capacidad tampodn especifica para los ingredien-
tes usados en las dietas se presenta en el Cuadro 2.

*Wathman, nim. 541.



Cuadro 2
CAPACIDAD TAMPON ESPECIFICA Y RELATIVA DE LOS INGREDIENTES, SUPLEMENTOS Y
DIETAS FORMULADAS PARA 27Y 37% DE FDN
SPECIFIC AND RELATIVE BUFFERING CAPACITY OF THE INGREDIENTS, SUPLEMENTS
AND DIETS FORMULATED WITH 27% AND 37% OF NDF

Buffering capacity, meq x 10° HCl/g DM/pH)

Relative’
Suplement 1 ntegral diet

Ingredient Specific 27 % 37 % 27 % 37 %
Grains of barley 35 19. 9 13.6 11. 9 53
Rice hulls 175 26. 6 344 16 3 139
Molasses 168 17.7 12. 1 9.5 43
Corn stover 132 3.0 28. 3 1.9 11.6
Mineral premixture 231 6.7 10. 2 4.5 4.5
Alfalfa hay 242 92.7 139.1
Buffering capacity
Estimated’ 73. 9 98.5 136.8 178.7
Determined® 71. 4+9.3 77.0£13.2 147.0+25.4 204.9+2.3
Alfalfa hay 76.5423.3 127.949.7

“obtained by multiplying the proportion of the ingredient in the supplement or in the diet and the specific buffering capacity for each

ingredient; integral mixture of the ingredients, except for the alfalfa, just as it was given to the animals; *

sum of the relative

buffering capacities of each ingredient that conform the supplement or the diet; ‘obtained by titration in the laboratory for the

supplement or the integral diet. The values preceded by the sign + represent the confidence interval (P < 0.10); ‘estimated by difference of

the buffering capacity of the integral diet and the corresponding supplement.

mineral mixture to the buffering capacity of the com-
plete diets is scarce (4.5 meq X 10° HCl/ g of DM), as
the diets contained only 2% of this ingredient (Table
1). In contrast, the fibrous ingredients, such as alfalfa
hay and corn stover, gave them a higher buffering
capacity. The contribution of the alfalta hay to this
dietary characteristic (92.7 and 139.1 meq X 107
HCl/g of DM; Table 2), was two or three times higher
than that given by the other ingredients as a whole or
as supplements (44.1 and 39.6 meq x 10° HCI g/ of
DM) (Table 2).

The buffering capacity estimated by the sum of
the buffer capacities of the ingredients, in both types
of diets and for the supplement of the diet with 27%
of NDF, was similar (P > 0.10) to the buffering capac-
ity determined by titration, according to the confi-
dence interval. Nevertheless, the buffering capacity
determined for the supplement of the diet with 37%
was lower (P < 0.10) to the estimated (Table 2).

In vitro digestibility of the DM of the diets with 27%

Se encontré que la CT de la mezcla mineral y el heno
de alfalfa fue alta (P < 0.01), la del rastrojo de maiz,
la harina de cascarilla de algodén y la melaza tuvie-
ron una capacidad tampén media (P < 0.01), y la
cebada mostré una baja capacidad tampén (P < 0.01)
(Cuadro 2).

La CT relativa de los ingredientes, asi como la CT
de los suplementos y las dietas completas se mues-
tran en el Cuadro 2. La contribucién relativa de la
mezcla mineral a la capacidad tampén de las dietas
completas es escasa (4.5 meq x 10 HCl/g de MS),
en virtud de que las dietas s6lo contenian 2% de este
ingrediente (Cuadro 1). En contraste, los ingredien-
tes fibrosos como el heno de alfalfa y el rastrojo de
maiz, les proporcionan mayor capacidad tampén. El
aporte del heno de alfalfa a esta propiedad dietaria
(92.7 y 139.1 meq X 107 HCl/g de MS; Cuadro 2)
fue dos o tres veces mayor a la proporcionada por
los otros ingredientes en su conjunto o suplementos
(44.1y 39.6 meq x 10” HCI g/ de MS) (Cuadro 2).
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and 37% of NDF at 48 h of incubation was of 70.69
and 63.66, respectively. The buffering capacity of the
residues of the diets in vitro digestion at time 0, was
higher to the previously found (Table 3). This find-
ing was provoked by the method used, as the molas-
ses and the mineral mixture were dissolved, and with
this, the proportion of corn stover and alfalfa hay in
the dietary residues increased, and in consequence,
the buffering capacity. On the other hand, the buffe-
ring capacity of the residues at 3, 6 and 24 of diges-
tion, indicated as the average effect of digestion time,
showed an increase when compared to the BC at time
0 (Table 3), although, it was not different (P > 0.05)
to that of the residues al 9, 12 and 48 h of n vitro
digestion. This shows that the BC varies during rumi-
nal digestion.

As for the residues of the individual diets, it was
found that the buffering capacity was higher (P <
0.05) in the residues of the diets with 37% of NDF at 3
and 6 h of incubation. The buffering capacity of both
types of residues the rest of the times was similar (P
> 0.05); in fact, at 48 h of digestion, the BC of both
types of residues showed exactly the same buffering
capa-city (477 meq x 10 HCIl g/ of DM) (Table 3).

The highest buffering capacity for the residues of
the diet with 27% of NDF, was found at 24 h of diges-
tion (581 meq x 107 HCl/g of DM) (Table 3). For the
residues of the diet with 37% of NDF, the highest bu-
ffering capacity was reached quite before, at 3 h of
incubation (699 meq X 10” HCl/g of DM) (Table 3).
This proved that the buffering behavior of the diets
differs in function to the ingredients that conform it
and to its digestion; particularly, to the proportion of
dietary NDF.

Experiment 2

The daily rumination time was higher (P < 0.05)

La capacidad tampén estimada mediante la
suma de las capacidades tampén de los ingredien-
tes, en ambos tipos de dietas y para el suplemento
de la dieta con 27% de FDN, fue similar (P>0.10)
a la capacidad tampén determinada por titulacién,
segin el intervalo de confianza. Sin embargo, la
capacidad tampén determinada para el suplemento
de la dieta con 37% FDN fue menor (P<0.10) a la
estimada (Cuadro 2).

La digestibilidad in vitro de la MS de las dietas
con 27% 'y 37% FDN a las 48 h de incubacién fue de
70.69y 63.66, respectivamente. La capacidad tamp6n
de los residuos de las dietas al tiempo 0 de diges-
tién in vitro resulté mayor (Cuadro 3) a la hallada
previamente. Este hecho fue causado por el método
utilizado puesto que la melaza y la mezcla mineral
fue solubilizada, con lo cual se increment6 la propor-
cién de rastrojo de maiz y de heno de alfalfa en los
residuos dietarios y, por consiguiente, de la capaci-
dad tampoén. Por otro lado, la capacidad tampén de
los residuos a las 3, 6 y 24 h de digestién, indicada
como efecto medio del tiempo de digestién, mostré
un incremento con respecto a la CT al tiempo cero
(Cuadro 3); sin embargo, no fue diferente (P > 0.05)
a la de los residuos al tiempo 9, 12 y 48 h de diges-
tién in vitro. Esto muestra que la CT varia durante la
digestién ruminal.

Respecto de los residuos de las dietas individuales,
se hall6 que la capacidad tampén fue mayor (P <
0.05) en los residuos de la dieta con 37% de FDN a las
3y 6 h de incubacién, la capacidad tampén de ambos
tipos de residuos a los demés tiempos fue similar (P
> 0.05); de hecho, a las 48 h de digestién, la CT de
ambos tipos de residuos mostraron exactamente la
misma capacidad tampé6n (477 meq x 107 HCl g/ de
MS) (Cuadro 3).

La maxima capacidad tampén para los residuos
de la dieta con 27% de FDN, se encontré a las 24 h de

Cuadro 3

CAPACIDAD TAMPON (meq x 10° HCl/g de MS/pH) DE LOS RESIDUOS DE LA DIGESTION /N
VITRO DE DIETAS CON 27% O 37% DE FIBRA DETERGENTE NEUTRO (FDN)

BUFFERING CAPACITY (meq x 10 HCl/g of DM/pH) OF THE RESIDUES OF THE IN VITRO
DIGESTION OF DIETS WITH 27% OR 37% OF NEUTRAL DETERGENT FIBER (NDF)

In vitro incubation time, h

NDF, % 0 3 9 12 24 48
27% 302 458" 410 394 @ 581 ° 477"
37 458 699° 483 *° 506 * 653 *° 477"

* The buffering capacity at 24 h, for the 27% level of NDF, differs of the other times; The buffering capacity at 3 h, for the level of

37% of NDF, differs of the other times ; “° values with a different literal in the same column are different (P < 0.05).
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in the animals that consumed the diet with 37%
of NDF (7 h/day), when compared to those that
received the diet with 27% of NDF (5.38 h/day).
The analysis of the rumination time in periods of
3 h did not show differences between diets (Table
4). The animal behavior was similar between each
feeding period (12 h) under the conditions in which
this experiment was conducted.

Ruminal pH decreased gradually and reached
its lowest average value (pH 6.02) between 3 and
6 h after eating; after that, the pH increased
until it reached its initial value (Figure 1). The
drop of the pH was more drastic in those animals
that consumed the diet with 27% of NDF, and
particularly in the forage stratum (Figure 1).

Discussion

Experiment 1

The buffering capacity of the individual ingredi-
ents used in the formulation of the diets was simi-
lar to that recorded by Jasaetis et al.® The buffer-
ing capacity decreased, according to the group of
ingredients, as follows: mineral>fibrous>protei
naceous> energetic. The mineral mixture used
in the experiment was a commercial formula for
dairy cattle which contains, among other sub-
stances, calcium carbonate and phosphates. These
chemical compounds can soften the drop of pH,""*
and this causes the mineral mixture to have a high
buffering capacity. Mineral buffers have proved to
be highly soluble and shortly active in the rumen."
It has been estimated that the highest buffer activ-
ity of these substances is between 2 and 8 h after
eating."*"”

On the other hand, the high buffering capacity
manifested by the alfalfa is attributed to its high
contain of proteins (19%) and of NDF (37%), as
both components posses a high buffering capac-
ity.'"*!"* Moreover, it is possible that the minerals
contained in the alfalfa also participate in its buffe-
ring capacity. The buffering capacity of forages has

digestién (581 meq x 10 HCl/g de MS) (Cuadro 3);
en contraparte, para los residuos de la dieta con 37%
de FDN, la maxima capacidad tampén se alcanzé
mucho antes, a las 3 h de incubacién (699 meq X
10 HCl/g de MS) (Cuadro 3). Con esto se demostro6
que el comportamiento tampén de las dietas difiere
en funcién de los ingredientes que la constituyen y
su digestién; particularmente, de la proporcién de
FDN dietario.

Experimento 2

El tiempo de rumia por dia fue mayor (P < 0.05) en los
animales que consumieron la dieta con 37% de FDN
(7 h/d), que en aquellos que recibieron la dieta con
27% de FDN (5.38 h/d). Con el analisis del tiempo de
rumia en periodos de 3 h no se hall6 diferencia entre
dietas (Cuadro 4). El comportamiento animal fue
similar entre cada periodo de alimentacién (12 h), en
las condiciones en que se realiz6 este experimento.

El pH ruminal disminuyé paulatinamente y
alcanzé su valor promedio mas bajo (pH, 6.02)
entre las 3 y 6 h pospandrial; posteriormente, el pH
se increment6 hasta su valor inicial (Figura 1). La
caida del pH fue mas drastica en los animales que
consumieron la dieta con 27% FDN, y particularmente
en el estrato del manto de forraje (Figura 1).

Discusion
Experimento 1

La capacidad tampén de los ingredientes individua-
les usados en la formulacién de las dietas fue simi-
lar a la registrada por Jasaetis et al. ° La capacidad
tampon se redujo, segiin el grupo de ingredientes,
asi:  minerales>fibrosos>proteinicos>energéticos.
La mezcla mineral usada en el experimento fue una
férmula comercial para ganado lechero que contiene,
entre otras sustancias, carbonato de calcio y fosfatos.
Estos compuestos quimicos tienen la propiedad de
amortiguar la caida del pH"'"*y es la causa de que la
mezcla mineral tenga capacidad tampoén alta. Se ha

TIEMPO DE RUMIA DE VAQUILLAS ALIMENTADAS CON DIETAS CON 27% O 37% DE FDN
RUMINATION TIME OF HEIFERS FED WITH DIETS WITH 27% OR 37% OF NDF

Rumination time

Rumination time/d

NDF, % min/3h
27 41.25°
37 52.97*

SE 6.6

min/12 h h %
161.67* 5.38° 2241
210.00° 7.00° 29.16
8.2

b values with a different literal in the same column are different (P <0.05); SE = standard error
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been highly correlated with the amount of ashes.®’
Nevertheless, in the present investigation, this group
of nutriments in the alfalfa was not determined.

Because of the characteristics of the mineral
buffers, these have a limited buffering action in the
rumen; in contrast, the fibrous ingredients, such as
alfalfa hay and corn stover, give a higher and more
durable buffering capacity to the ruminal environ-
ment.

As the estimated and determined buffering
capacity were the same (P > 0.10) in both types of
diets and for the supplement with 27% of NDF, the
additive characteristic of the buffering capacity was
corroborated; even though, the fact that the buff-
ering capacity assessed was lower (P < 0.10) to the
estimated for the supplement of the diet with 37%
of NDF (Table 2). This indicates also that under cer-
tain conditions, which are still unknown, there can
be interactions among the ingredients, as Le Rutey
et al.,” found. Therefore, not allways the buffering
capacity of diets can be predicted from the capacity
of the ingredients as proposed by Jasaetis et al.” More
studies to corroborate these facts are necessary.

It was found in this research that the BC of the
diets varies during in vitro ruminal digestion; par-
ticularly, it was observed that the BC in the residues
increased at two specific moments, the first of them
at 3 and 6 h and the second one at 24 h of digestion
(Table 3). This can be related to the fermentation of
the starch fractions and proteins of fast degradation
during the first hours and with the fraction of low
degradation at 24 h.

In the residues of individual diets, the BC was
higher (P < 0.05) in those of the diet with 37% of
NDF, just at 3 and 6 h of incubation. At higher diges-
tion times, the BC among the residues of the diets
was similar, in fact, at 48 h both types of residues
showed exactly the same buffering capacity (477 meq
X 10 HCl/g of DM) (Table 3). This last finding sug-
gests that the substances which form the residues of
the diets at prolonged digestion times (48 h) confer a
similar buffering capacity, and this does not depend
of its original conformation. Nevertheless, the time
in which the highest buffering capacity for the resi-
dues is reached, depends on the type of diet. The
highest BC for the residues of the diet with 27% of
NDF was found at 24 h of digestion and at 3 h with
the diet of 37% of NDF (Table 3). Without ques-
tion, this fact must have implications in the ruminal
metabolism.

Experiment 2

The highest drop of ruminal pH caused by the diges-
tion of the 27% NDF diet was attributed to the fact that
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demostrado que los tampones minerales tienen alta
solubilidad y corta actividad en el rumen." Se calcula
que la mayor actividad tampén de estas sustancias se
encuentra entre las 2 y 8 h pospandrial."*"

Por otro lado, la alta capacidad tampén que
manifiesta la alfalfa se atribuyé a su alto contenido
de proteina (19%) y de FDN (37%), ya que ambos
componentes poseen capacidad tampé6n alta.'*'™
Ademas, es posible que los minerales que contiene
la alfalfa también participen en la capacidad tampén
que manifiesta la alfalfa, puesto que la capacidad
tampén de los forrajes se ha correlacionado
altamente con el contenido de cenizas;®” no obstante,
en la presente investigacién no se determiné este
grupo de nutrimentos en la alfalfa.

Dadas las caracteristicas de los amortiguadores
minerales, éstos tienen accién amortiguadora
limitada en el rumen; en contraste, los ingredientes
fibrosos, como el heno de alfalfa y el rastrojo de
maiz, proporcionan una capacidad tampén mayor y
mas duradera en el ambiente ruminal.

En virtud de que la capacidad tampén estimada 'y
determinada fue igual (P > 0.10) en ambos tipos de
dietas y para el suplemento de la dieta con 27% de
FDN, se corroboré la propiedad aditiva de la capa-
cidad tampén; no obstante el hecho de que la capa-
cidad tampén determinada haya sido menor (P <
0.10) a la estimada para el suplemento de la dieta con
37% FDN (Cuadro 2) indica también que en ciertas
condiciones, por el momento desconocidas, pueden
suscitarse interacciones entre los ingredientes, como
los hallados por Le Ruyet et al.,"”” de manera que no
siempre se puede predecir la capacidad tampén de
las dietas a partir de la mostrada por los ingredien-
tes, como lo proponen Jasaetis ef al.’ Sin embargo,
se requieren mas estudios para corroborar estos
hechos.

En este estudio se hallé que la CT de las dietas
varia durante la digestién ruminal in vitro; particu-
larmente, se observé que la CT en los residuos se
increment6 en dos momentos especificos, el primero
deellosalas 3y 6 h,y el segundo a las 24 h de diges-
tién (Cuadro 3), lo cual pudo estar relacionado con
la fermentacién de las fracciones de almidén y pro-
teina de rapida degradacién a las primeras horas y
con la fraccién de lenta degradacién a 24 h.

En los residuos de las dietas individuales, la CT
fue mayor (P < 0.05) en los residuos de la dieta con
37% de FDN, tan sélo a las 3 y 6 h de incubacién. A
tiempos mayores de digestién, la CT entre los resi-
duos de la dietas fue similar; de hecho, a las 48 h
ambos tipos de residuos mostraron exactamente la
misma capacidad tamp6n (477 meq x 10” HCl/g de
MS) (Cuadro 3). Esto dltimo sugiere que las sustan-
cias que componen los residuos de las dietas a tiem-



this diet contained the highest quantity of starch of
high and fast ruminal digestion, which came from
the barley (Table 1), in comparison to the 37% NDF
diet. This is a fact totally demonstrated in other
investigations. On the contrary, there is no evidence
of the causes by which the ruminal pH in the forage
stratum was lower than in the ventral lay. It is pos-
sible that this phenomena is due to three causes: a)
the area of the lay of the stratum that is in contact
with the ruminal wall, where the VFA are absorbed,
is smaller in comparison with this same area in the
ventral stratum; b) the total volume is lower in the
zone of lay of forage; and ¢) the compact structure
of the forage stratum, avoids the acids produced
to be diluted and, therefore, they are more con-
centrated.” Although there are no evidences that
clearly prove it, this result corroborates the impor-
tant function that dietary fiber and ingredients of
low degradation have in the regulation of the pH
of the forage stratum in the rumen, as in this place
the highest drop of pH may have a stronger impact
in the activity of the cellulolytic bacteria and also
because the highest proportion of fibrous food is
found in this stratum.

Because of the tendencies followed by the buffe-
ring capacity of the residues, rumination time and
ruminal pH (Figure 2), it was shown that the highest
buffering capacity is found between 3 and 6 h after
eating coinciding with the moment in which rumi-
nal pH is lower. On the other hand, as the highest
rumination time was found between 6 and 9 h after
eating, when the pH comes back to its initial value,"

—0—VZ 27%NDF —0—VZ 37%NDF

pos prolongados de digestién (48 h) le confiere una
capacidad tampon similar, independientemente de
su composicién inicial. Sin embargo, el tiempo en el
que se alcanza la maxima capacidad tampén para
los residuos depende del tipo de dieta. La maxima
CT para los residuos de la dieta con 27% de FDN se
hall6 a las 24 h de digestiéon y a 3 h con la dieta de
37% de FDN (Cuadro 3). Sin duda, este hecho debe
tener implicaciones en el metabolismo ruminal.

Experimento 2

El mayor descenso en el pH ruminal causado por la
digestién de la dieta con 27% FDN se atribuyé a que
esta dieta contenia mayor cantidad de almidén de
alta y rapida digestiéon en el rumen, proveniente de
la cebada (Cuadrol), en comparacién con la dieta con
37% de FDN. Lo anterior es un hecho plenamente
demostrado en otras investigaciones. Por el contra-
rio, no hay evidencia de las causas por las que el
pH ruminal en el estrato del manto de forraje fuera
menor que en el estrato ventral. Es muy posible que
dicho fenémeno se deba a tres causas: a) El drea del
estrato del manto que esta en contacto con la pared
ruminal, lugar donde se lleva a cabo la absorcién de
AGYV, es menor en comparacion a esta misma area en
el estrato ventral; b) el volumen total es menor en la
zona del manto de forraje; y ¢) la propia estructura
compacta del estrato de forraje, evita que los acidos
producidos se diluyan y, por ende, se encuentren
mds concentrados.” A pesar de que no existen evi-
dencias que demuestren claramente lo anterior, este

—=—FM 27%NDF —=—FM 37%NDF

Figura 1. Variaciéon del pH en la
zona ventral (ZV) y del manto de
forraje (MF) en el rumen de vacas
alimentadas con dietas que con-

55 T T T
0 3 6

After-eating time, h

tenian 27% o 37% de FDN.

pH variation in the ventral zone
9 12 (VZ) and in the stratum forage (FS)
in the rumen of cows fed with diets
containing 27% or 37% of NDF.
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the buffering capacity of digestion residues can be
complementary with the rumination for the control
of the ruminal pH of dairy cattle. This fact may have
important biological and economical implications
in intensive production systems, where animals are
at high risk of acquire acidosis, because that along
with the balancing of nutriments and the buffering
capa-city of the diet may have has to be considered
too, with the purpose of avoiding the use of buffer
mineral solutions and decreasing the expenses they
gene-rate. Nevertheless, the in vivobehavior depends
on factors such as the degradation rate, time of rumi-
nal retention and size of the particle, which in future
investigations must be studied in relationship with
the dietary buffering capacity.

The results of this study indicate that the level of
dietary NDF has two important effects in the buffe-
ring capacity. The fist one is given by its intrinsic buf-
fering capacity and it is related to the level of NDF
and this effect can be important only during the first
hours of digestion. The second one is given by the
effect that the NDF has in stimulating rumination
which has a higher impact during fermentation.
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