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TO SUBCLINICAL KETOSIS DEVELOPMENT
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Subclinical ketosis is widespread in highly productive dairy cows after calving and often remains un-
diagnosed, leading to reduced productivity. Physiologically controlled feeding in the first weeks after calving
and during the intensive lactation period can reduce the incidence of ketosis. The study aimed to determine
how a short-term reduction of feed after calving affects the formation of ketone bodies in blood, urine and
milk of dairy cows. The group of ten Ukrainian black-spotted dairy breed cows after calving aged from 4 to
6 years was involved in the experiment lasted for 72 h. In 24 h the amount of compound feed, haylage, and
silage received by cows was gradually reduced until complete exclusion in the diet. Blood, urine, and milk
samples were collected three times a day. The content of ketone bodies, [-hydroxybutyrate and glucose was
estimated with the corresponding sets of indicator strips. The content of total bilirubin, cholesterol, albumin
and enzymes activity in the blood serum were determined on biochemical analyzer. It was found that in 24 h
after the beginning of feed reduction the level of blood glucose decreased, persistent hypoglycemia within 48
and 72 h was developed, the concentration of f-hydroxybutyrate in blood and milk and of ketone bodies in
urine was elevated. The increase in total bilirubin concentration and liver enzymes activity in the blood serum
with a simultaneous decrease in albumin level and delayed sodium propionate conversion into glucose were
observed. Thus, short-term reduction in feed intake by dairy cows after calving causes ketosis development

and violation of liver functions.
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critical factor in reducing the duration of
A productive use of dairy cows is the mis-

match between the intake of energy and nu-
trients in the body with feed and costs to ensure high
milk productivity and the body’s own needs, which
is especially relevant in the first weeks after calving
[1, 2]. When energy deficiency occurs in cows after
calving, gluconeogenesis is enhanced with reserve
fats and proteins, thus leading to the formation of
ketone bodies [3, 4]. However, the cow should not
lose much weight. Excessive weight loss of animals
during intensive lactation indicates the activation of
lipomobilization. This is especially common in high-
yielding, fat, and well-fed cows [5, 6]. Uncontrolled
negative energy balance may be accompanied by
active accumulation of ketone bodies in the body,
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metabolic disorders, and the occurrence of ketosis
[7]. The impetus for the development of ketosis can
be short-term malnutrition or starvation, along with
a lack of energy and increased lipomobilization
[8, 9]. This is observed in cases of poor-quality feed
and postpartum disorders with a decrease in appetite
or anorexia [10].

Ketosis, particularly its subclinical course,
is widespread during the first weeks after calving
in farms that keep highly productive dairy cows
[11, 12]. On average, subclinical ketosis is diagnosed
in more than 40% of cows in different countries, in-
cluding Ukraine [13-15]. Subclinical ketosis often
remains undiagnosed and untreated, leading to a
decrease in the efficiency of dairy farming due to re-
duced productivity, impaired reproductive capacity,
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and the emergence of various comorbidities [16-18].
Therefore, providing physiologically controlled
feeding and maintaining moderate fat mobilization
in the first weeks after calving and during the in-
tensive lactation period can reduce the incidence of
ketosis.

The study aimed to determine how a short-term
reduction of feed for dairy cows from two to four
weeks after calving affects the time of energy defi-
ciency in the body, the accumulation of ketone bod-
ies in blood, urine, and milk, and to determine the
correlation between blood parameters of ketosis and
the functional state and structure of the liver.

Materials and Methods

Animal selection. To conduct the experiment, a
group of Ukrainian black-spotted dairy breed cows
was formed in 10 heads, aged from 4 to 6 years,
and in the period from 2 to 4 weeks after calving.
Dairy productivity was 26-32 kg of milk per day.
The structure of the diet of experimental cows con-
sisted of 12.1% of roughage, 45.2% — succulent, and
42.7% — concentrates of total nutrients. The dry part
of the diet contained 248.86 MJ of metabolic energy
and 2301.99 g of protein. The metabolic energy in
the diet from concentrated compound feed was 97.8
MJ, or 39.4%, haylage, and silage — 32.0%. The com-
pound feed was given five times a day via an auto-
matic dispenser.

Ethical committee approval. The Ethical Com-
mittee approved animal experiments and schemes of
the Institute of Agriculture of the Carpathian Region
of NAAS of Ukraine (15.01.2023, Nel).

The scheme of the experiment. For the experi-
ment with reducing the amount of feed or reducing
the energy-protein level of nutrition, ten cows were
allocated to a separate part of the room. In 24 h, the
amount of compound feed, haylage, and silage re-
ceived by cows was gradually reduced by Y4, Y2, %
until its complete exclusion from their diet. The ani-
mals were on a reduced diet for the next two days.
During the experiment (three days), the cows had
free access to hay and water around the clock. Clini-
cal examination of cows, their urine, and milk was
performed three times a day. Blood was taken from
the jugular vein before the start of feed reduction and
in 24, 48, and 72 h after the start of feed reduction.

Laboratory tests of the blood, urine, and milk.
Ketone bodies in urine were examined with uni-
versal indicator strips Combur9 Test® (Germany)
to establish a qualitative reaction (from — to +++),

B-hydroxybutyrate in milk using universal indicator
strips KetoLac BHB company Horchst, Germany
(qualitative reaction from — to ++). Glucose and
B-hydroxybutyrate levels were determined in whole
blood immediately after sampling by CareSens Dual
meter (i-SENS, Inc.) using test strips CareSens PRO
for glucose and KetoSens for ketone (Republic of
Korea). The contents of total bilirubin, cholesterol,
and albumin, the activity of aspartate aminotrans-
ferase (AST, EC 2.6.1.1), y-glutamyl transpepty-
dase (GGT, EC 2.3.2.2.), glutamate dehydrogenase
(GLDH, EC 1.1.1.27) in the blood serum were de-
termined. Blood serum studies were performed on
a biochemical analyzer (Evolution 3000, Italia) us-
ing sets of reagents from the company “SpineLab”
(Ukraine).

The gluconeogenesis state was determined
by the method Y. Gréhn [19], but we used sodium
propionate per os instead of intravenous administra-
tion. It was set inside from a special rubber bottle
and pre-dissolved in water at the rate of 40 g per
100 kg of body weight. Sodium propionate was ad-
ministered to 10 experimental cows before the start
of the experiment on feed reducing (0 h) and at the
end of the experiment after 72 h of energy-protein
deficiency. The drug’s assimilation rate was deter-
mined by examining blood glucose before sodium
propionate and then 10, 30, 60, and 180 min after its
administration.

All procedures were carried out in a way that
minimizes animal suffering and in compliance with
the guidelines of the European Convention “For the
Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes” (Strasbourg,
1986) and “Common Ethical Principles for Animal
Experiments” (Kyiv, 2001). The experiments were
carried out following the principles of humanity set
out in the European Union Directive (DIRECTIVE
2010/63/EU).

Statistical analysis. Data were expressed as
mean + m (arithmetic mean error). The means were
compared using Student’s t-distribution and the
values of P < 0.05—0.001 were considered statistical-
ly significant. The correlation analyses were based
on a two-tailed test to calculate the Pearson correla-
tion coefficient.

Results and Discussion

Clinical studies of cows did not show changes
in their general condition at the beginning of the ex-
periment. The content of B-hydroxybutyrate in the
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Table 1. Changes in glucose and ketone bodies in cows with reduced feeding

Study time after Glucose, in the

B-hydroxybutyrate

B-hydroxybutyrate | Ketone bodies in

X in the blood in milk, qualitative | urine, qualitative
reduced feeding, h blood, mmol/l mmol/Il ’ reactio’nq(—) - (+) reacti(,)r? () - (++H)
0 27+01 0.69 £0.10 - -

24 22+01° 0.70 £ 0.127 =-® H -+
48 20+£0.I° 1.32+£0.31° H - () — [+
72 18+0.1° 1.64 £ 0.33¢ ++ (++) — (++1)

Note. Data are presented as mean + m. Values with different alphabet superscript in a column were significantly different
(P < 0.05, P < 0.01, °P < 0.001). Qualitative reaction in urine: — negative, + weakly positive, ++ positive, +++ strongly
positive; qualitative reaction in milk: — negative, + positive, ++ strongly positive.

blood was 0.69 + 0.10 (0.1-0.9) mmol/l. Reactions to
the content of B-hydroxybutyrate in milk and ketone
bodies in urine were adverse.

After calving, the high milk productivity of
cows requires a significant amount of energy. The
body compensates for the lack of energy from its
reserves [20, 21]. Initially, compensation occurs
through the breakdown of liver and muscle glyco-
gen. Decreased energy safety of diets causes a rapid
decrease in blood glucose [22, 23]. However, glycog-
enolysis is rapidly extinguished. Therefore, the pro-
cess of reduction of compound feed, haylage, and si-
lage feeding led to a rapid decline in dietary energy,
leading to hypoglycemia and hyperketonemia, ke-
tonuria, and ketonolactia. Thus, during the first 24 h
after the feed reduction, blood glucose concentration
was decreased by 19 % (Table 1). Subsequently, the
lack of compound feed, haylage, and silage led to
an even more significant decrease in blood glucose
and caused an increase of B-hydroxybutyrate in the
blood plasma and milk and ketone bodies increase
in the urine (Table 1). The glucose concentration in
the blood plasma of experimental cows decreased by
26% after 48 h and by 33% after 72 h, also, all cows
had hypoglycemia.

A decrease in blood glucose in dairy cows
to 2.2 mmol/l and below indicates an energy defi-
cit and the possible development of ketosis [24].
Having large fat reserves in the depot, the body tries
to eliminate energy loss through lipolysis, causing
the mobilization of fat from the depot of the body
[11]. However, excessive and prolonged intake of
lipids causes insufficient conversion in the tricar-
boxylic acid cycle with increased ketone bodies
formation and the development of ketosis [25]. The
accumulation of ketone bodies is mainly due to
B-hydroxybutyrate, so it is crucial to determine its
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level in the blood of cows for the diagnosis of ketosis
[26, 27] as its increase over 1.2 mmol/l can be an in-
dicator of subclinical ketosis [28, 29]. We found that
after a decrease in energy feeding, the concentration
of ketone bodies in some cows increased after the
first day, and all studied cows were diagnosed with
hyperketonemia, ketonuria, and ketonolactia after
two days (Table 1). The first signs of a negative ener-
gy balance were characterized by a negative correla-
tion between a decrease in glucose and an increase
in B-hydroxybutyrate in the blood (r = -0.9), which
was established by other researchers [30].

During enhanced lipomobilization, fats are
transferred to the liver, where the mitochondria of
hepatocytes are mainly involved in their breakdown,
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Fig. 1. The concentration of total bilirubin in the
blood serum of cows. Values with different alphabet

superscript in a column were significantly different
(*P <0.01)
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oxidation, and assimilation. Active mobilization of
fat from the depot to the liver causes disruption of
its essential functions and the development of liver
obesity [31, 32]. Therefore, a decrease in feed intake
and energy and protein supply of cows leads to an
increase in total bilirubin concentration in the blood
serum [33, 34], which we have established through-
out the experiment (Fig. 1), and total bilirubin con-
centration is closely positively correlated with an
increase of B-hydroxybutyrate in the blood plasma
(Table 2).

Simultaneously, the development of patholo-
gy in hepatocytes causes impaired protein synthe-
sis [35, 36], which was manifested by a decrease
in blood serum albumin (Fig. 2). Albumin concen-
tration decreases correlatively to the increase of
B-hydroxybutyrate in the blood (Table 2).

The amount of cholesterol in the blood serum
of cows varied a little during the reduction of energy
and protein supply, but the content of cholesterol in
the blood serum was negatively correlated with the
amount of B-hydroxybutyrate in the blood plasma
(Table 2).

An increase in the activity of enzymes indica-
tive of the liver was found during the time of ener-
gy-protein deficiency in the blood serum of most ex-
perimental cows (Fig. 3). There is a possibility that
cows developed cytolysis and impaired permeabili-
ty of hepatocyte membranes and their organelles,
which led to the elimination of enzymes into the
blood [33, 37]. While characterizing changes in the
activity of indicator enzymes, it should be noted that
increased lipomobilization causes, above all, damage
to the mitochondria of hepatocytes, which are main-
ly involved in fat utilization, thus, fatty infiltration
of the liver, which occurs during ketosis, leads to
increased activity of mitochondrial GLDH, as well
as AST (Fig. 3). Therefore, these enzymes have a
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Fig. 2. The amount of albumin in the blood serum
of cows. Values with different alphabet superscripts
in a column were significantly different P < 0.05)

Table 2. Correlation coefficient (r) between the
content of p-hydroxybutyrate in the blood and indi-
cators of the functional and structural state of the
liver

Blood indicators p-hydroxybutyrate

in blood
Total bilirubin +0.73
Albumin -0.26
Cholesterol —0.20
Glutamate dehydrogenase +0.25
Aspartate aminotransferase +0.31
y-glutamyl transpeptydase +0.74

positive correlation with B-hydroxybutyrate in the
blood (Table 2).

The activity of GGT in the blood serum of cows
during the experiment did not increase significantly
(Fig. 3). It should also be noted a high positive cor-
relation between the content of B-hydroxybutyrate
in the blood and the activity of GGT (Table 2),
which indicates the inclusion in the pathological
process of the biliary system and the possible de-
struction of cells that form the bile ducts. Because
v-glutamyl transferase activity was positively corre-
lated (r = +0.41) with total bilirubin concentration,
this can be seen as the development of parenchyma-
tous jaundice in cows.

In gluconeogenesis, propionic acid is converted
to glucose [19]. In the case of giving sodium pro-
pionate before the experiment, the concentration of
glucose in the blood plasma of cows increased with-
in 30 min after administration of sodium propion-
ate, then there was a gradual decrease in its content,
and in three hours, it was almost the same as be-
fore. Administration of sodium propionate to cows
showed that in experimental cows that developed
severe hyperketonemia, ketonuria and ketonolac-
tia, the time of conversion of propionate to glucose
was longer, compared with the indicators before the
reduction of feeding (Fig. 4). Thus, in cows with
the B-hydroxybutyrate content in the blood plasma
1.64 + 0.33 mmol/Il, and positive qualitative tests
for the B-hydroxybutyrate content in milk and the
ketone bodies content in urine, the assimilation of
sodium propionate began only after thirty minutes
and lasted for three hours. Thus, the development of
ketosis disrupts gluconeogenesis - one of the essen-
tial functions of the liver, due to which high-yielding
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Fig. 3. Activity of enzymes in the blood serum of cows. Values with different alphabet superscripts in a column

were significantly different (P < 0.05, °P < 0.01)
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Fig. 4. Glucose concentration in the blood plasma of cows after per os administration of sodium propionate.
Before reducing feeding (0 h), 72 h after reducing feeding (72 h). Values with different alphabet superscripts
in a column were significantly different (*P < 0.05, °P < 0.01, °P < 0.001)

cows are supplied with glucose. There is a deficien-
cy of the latter, which stimulates lipomobilization,
lipolysis, ketogenesis, and fatty infiltration of the
liver [35, 38].

Conclusions. A short-term reduction in the
amount of feed in the diet of cows from 2 to 4 weeks
after calving causes increased mobilization of fat
from the body’s depot to the liver; its cells are unable
to cope with excessive lipids, thus leading to a rapid
increase of ketogenesis and infiltration of hepato-
cytes, which causes the development of ketosis and
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disruption of the essential functions and structure of
the liver.
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CyOKIIiHIYHUH KeTO3 MOITUPEHUH cepel] BUCO-
KOIPOAYKTUBHUX MOJIOYHHUX KOPIB Y MICISIPOTOBHI
riepion. Ilaronoris 3aBmae 3HAYHUX EKOHOMITHUX
30UTKIB BHACIIJIOK 3HWKCHHS MPOTYyKTHBHOCTI.
diziomoriyHo 30aaHCcOBaHa TOJIBIISI KOPIB Y TepIITi
THXHI MICJIsI OTEJCHHS 1 B Mepiof iHTEHCHBHOI
JaKTamii € OCHOBOIO 3MEHIICHHS 3aXBOPIOBAHOCTI
Ha KeTo3. MeToro Hamoi poboTu OyJi0 BCTAaHOBU-
TU K KOPOTKOTPUBAJIC 3MCHIICHHS 3r0JIOBYBaHHS
KOPMiB KOpOBaM y TIEPIN THXKHI ITCIS OTEICHHS
BIIJIMBAE Ha PiBEHb KETOHOBUX TN y KpOBi, cedi
ta Moromi. JocmimkenHs mpoBoauiau Ha 10 kopo-
Bax YKpaiHChKOI YOPHO-Ps100i MOJIOYHOI TIOPOAH, Y
Bimi Big 4 710 6 poKiB, 2—4 THXKHI MMICIS OTCICHHS.
[IpoTsirom 24 Tom KOpoBaM MOCTYIIOBO 3MEHIITYBa-
JM 3rOZIOBYBaHHSI KOMOIKOpPMY, CiHaXy Ta CHIIOCY
Ha Y4, Y5, ¥4 10O IOBHOTO iX BUKIJIIOYEHHS 3 PaIliOHY,
3QJIMINKBINY BIJIBHUH JOCTYII IO CiHA Ta BOAU. Ta-
KM piBEHb JKUBJCHHsS KOPiB TpUBaB 10 72 rof.
BwmicT keToHOBHX Tin y cedi, B-TiApokcuOyTHpaTy
y MoJioLi, B-TiApoKcHOyTHpaTy Ta TIIOKO3H y KPOBi
BH3HAYaJ M Ha MOYaTKy Ta 4epe3 24, 48 1 72 ron.
KinpkicTh 3arajapHOr0O OUTIpyOiHY, XOJIECTEPOIy Ta
anbO0yMiHY 1 aKTUBHICTH €H3UMIB Y CHPOBATIIi KPOBi
BUMIpIOBaJIM Ha OioXiMiwHOMY aHamizatopi. Bcra-
HOBJICHO, IO uepe3 24 Toj Mmicisl Mo4YaTKy 3MeH-
IIEHHS 3TOIOBYBAaHHS KOPMiB Y KPOBI 3HIKYBaBCS
piBeHb IIIOKO3M, a yepes 48 Ta 72 ron po3BHBaa-
csl CTiMKa TIMOTITIKeMis 1 3pocTaiia KOHIICHTpAIlis
B-rigpokcnOyTUpaTy y KpoBi Ta MOJIOLI W KETO-
HOBHX Tin y ceui. Yepes 72 rox y KpoBi KOPiB 3po-
CTaB BMICT 3arajpHOrO OULTIpyOiHY Ta 3HHM)KYBaB-
cs anmpOyMiH 1 3pocTana aKTHBHICTh €H3WMIB, a
TaKOXK CIOBUIBHIOBAJIOCS TIEPETBOPCHHS HATPIIO
MPOIOHATY Y TIIIOKO3Y. TakuM YHHOM, KOPOTKO-

TpHUBaJIe 3HWKCHHS CIIOKUBAHHSI KOPMY MOJIOYHU-
MU KOPOBaMH IICJISI OTEJICHHS CIPUYHHSIE PO3BH-
TOK KeTO3y 1 TOpyIIeHHS PYHKIIH MeUiHKH.

KnawoyoBi cnoBa: kero3, [iiiHI KOPOBH,
piBeHb rofiBIi, B-T1ApOKCHOYTHPAT, TIIOK03a, ypa-
JKCHHS MTeUi1HKH.
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