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Introduction weeks™™'®. As a result, milking volume is considerably

decreased, inflicting serious losses on dairy farms. In

Ketosis is a common metabolic disease in dairy cows the clinical field, the main interests are in the mechan-
that frequently occurs at post-partum(POP). In cows ism of onset of the disease and in prevention. The
diagnosed with ketosis, treatment may take several mechanism of onset in particular is not well un-
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derstood. Energy sources in dairy cows, unlike those in
monogastric animals, are volatile fatty acids(VFA), ie,
products of terminal fermentation of cellulose digested
by bacteria and protozoa in the rumen, particularly pro-
pionic acid, acetic acid, and butyric acid. These VFA
are absorbed from the rumen wall and transferred to
the liver'™"", where propionic acid is converted to glu-
cose, and acetic acid and butyric acid are utilized as en-
ergy substrates. In dairy cows, however, ingested en-
ergy cxceeds expended energy during the POP in-
crease in milking volume, which frequently leads to an
imbalance between energy supply and demand. As a
result, since somatic fat is mobilized as an energy
source, resulting in the development of ketosis. In this
study, the composition of VFA in the rumen and
blood lipid concentrations at day 13-15 pre-partum
(PRP) and day 15 POP were determined in healthy,

ketonuric, and ketotic dairy cows.

Meterials and Methods

Dairy cows : The experiment included 22 Holstein
dairy cows that had been reared in dairy farms in the
castern region of Saitama Prefecture. They had a his-
tory of 3-5 parturitions. Body weight ranged from 600
to 710kg, with a mean of 660kg. Of these cows, 5
that showed a clinically healthy course at POP were as-
signed to Group I, 9 that had ketonuria were as-
signed to Group II, and 8 with ketosis were assigned
to Group III(Table 1).

Composition of diet : For each dairy cow examined,
the supplied diet was weighed at days 13-15 PRP and
at day 15 POP, and the ratio of condensed diet, and
the fulfillment rates of total digestive nutrient(TDN)

and digestive coarse protein{DCP) were calculated bas-
ed on the NRC diet standard.

Sampling : Rumen fluid and blood samples were
collected 4-5 hr after diet supply at days 13-15 PRP
and at day 15 POP in all the cows. Rumen fluid sam-
ples were collected with a gastric fluid collector(Chiba
Kyosai; Fujihira), and filtered with double gauze after
collection. The filtrate was centrifuged at 3000rpm
for 15min, and 0.6ml of the supernatant and 0.3ml of
3N sulfuric acid containing 25% metaphosphoric acid
were thoroughly mixed and left to stand at room tem-
perature overnight. Subsequently, the mixed specimen
was centrifuged at 3000rpm for 15min, and 180ul of
the supernatant and 20pl of 0.1N crotonic acid were
mixed. An equal amount of acetone was added to the
specimen, and the mixture was then used for VFA de-
termination’.

Blood samples were collected from the cervical vein
of the dairy cow at the time of gastric fluid collection,
and the sera obtained were used for the de-
termination of blood lipid concentrations.

Observations : VFA were determined based on an
internal standard material by gas chromatography us-
ing a capillary column(GC-15A, Shimazu)®. The con-
ditdons for determination were as follows: 60-180T
rise in column temperature, 6 /min rise in tem-
perature, 60ml/min of carrier gas(He), 50ml/min hy-
drogen flow volume, and 500ml/min air flow volume.
The internal standard material was 0.1N crotonic acid.
The items determined were VFA concentration, acetic
acid, propionic acid, iso-butyric acid, n-butyric acid,
iso-valeric acid, n-valeric acid and capronic acid.

Blood lipid determinations consisted of total
cholesterol(T-CHO), free-cholesterol(F-CHQ), esterified
cholesterol(E-CHO), HDL-cholesterol( HDL.-CHO),

Table 1. Clinical symptoms at day 15 post partum in dairy cows

No of

Group Symptoms
cows
I (Healthy cows) 5 -
II (Ketonuric cows) 9
III (Ketotic cows) 8 depression,

Ketone bodies Glucose in

in urine blood plasma

__ (mg/dl) _ (mgydl)
- <40
<10 >40
<10 >40

loss of appetite,

lower milk production
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phospholipids(PL), non-esterified free fatty acids(NEFA) Group I than Groups I and II(Fig 3).
and triglyceride(TG). Each was determined with an
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Fig 2. Composition of VFA at day 15 pre- and post-partum in dairy cows.
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Discussion

In dairy cows, when energy expenditures exceed
the cnergy supply along with the early stage of rapid
lactation, gluconeogenesis occurs through the mobil-
ization of sommatic fat. As a result, ketone bodies are
produced at abnormally high levels, leading to the on-
set of ketosis. Clinical experience indicates that ketosis
arising from an imbalance between energy intake and
cnergy expenditures develops at days 15-20 POP,
when lactation volume increases rapidly. On the other
hand, energy is derived in dairy cows by utilizing cel-
lulose fermented by bacteria and protozoa in the ru-
men and VFA produced from non-cellulose car-
bohydrates in the concentrated feed, a process unlike
that in monogastric animals. In this way, disruption of
the VFA production process is also connected with
the onset of ketosis'***.

Total VFA concentrations were high at PRP and
POP in Group I, in comparison with Group II and
[I1. Acetic acid concentration decreased and propionic
acid concentration increased at POP in Group 1. Pro-
pionic acid is converted in the liver to an intermediate
of the TCA cycle, succinyl-CoA, which is utilized as
an cnergy source or for glucose synthesis. Succinyl-
CoA also metabolizes aceto-acetic acid®. Therefore, in
Group I, the propionic acid concentration seems to
have increased, and the cows in this group were con-
sidered to have been in a state in which ketosis was
unable to develop. In contrast, total VFA con-
centrationsat PRP and POP were lower and the pro-
pionic acid concentration at POP was lower in Group
11 than in Group I. These results suggest that the
amount of succinvl-CoA produced would have de-
creased, leading to an accumulation of aceto-acetic
acid, and thus to an onset of ketosis in Group II1.

Even Group I, consisting of clinically healthy dairy
cows, showed a VFA composition in the rumen and
changes in blood lipid concentration that were similar
to those obscrved in Group III. This suggestes that
all dairy cows are at risk of ketosis after partum. In
Group 1, no condensed diet was given at PRP, and
the amount of diet supplied was small, even at POPD.
This provides further evidence that the supply of large

amount of condensed dict provides a trigger for the

onset of ketosis. To prevent ketosis, it is thus im-
portant to supply a diet that is properly matched to
the cow's ability to lactate.

Summary

The effects of diet composition, reproductive con-
dition and ketonuria and ketosis on the composition
of rumen volatil fatty acids(VFA) and the blood lipid
concentration were investigated in Holstein dairy
cows. Six healthy cows(Group 1), 9 ketonuric cows
(Group II) and 8 ketotic cows(Group III) were ex-
amined at days 13-15 pre-partum(PRP) and at day 15
post-partum(POP). The ratios of concentrated feed
supplied at PRP and POP were 0% and 15%, respec-
tively, in Group I, 25% and 67% in Group 11, and
were 30% and 46% in Group III. The fulfillment rates
of total digestive nutrient(TDN) and digestive coarse
protein(DCP) increased at POP in each group. Al-
though total VFA concentrations were lower at POP
than at PRP in each group, the concentrations ar PRI
and POP were higher in Group I than in Groups 1i
and III. The molar ratio of acetic acid decreased at
POP in Group [, while the ratio increased at ’OT in
Groups Il and III. The molar ratio of propionic acid
increased at POP in Group I, while it decreased in
Groups I and III. Blood total cholesterol, free cho-
lesterol, cholesterol esters, HDIL.-cholesterol, phos-
pholipid and free fatty acid concentrations decreased
at POP in all three groups,but these levels were low
in Group I, high in Group IIl and intermediate in
Group II at PRP and POP. Triglyceride con-
centration decreased after parturition in these three
groups, but the decrease was most striking con-

spicuous in Group I11.
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