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ABSTRACT

This review attempted to explain factors associated with negative energy balance (NEB) occur-
ring during the periparturient period in dairy cows raised under tropical climatic conditions. The
NEB has long been proven as an inevitable event in periparturient dairy cows. This condition had
negative effects on the overall performances of dairy cows, including milk production, reproduc-
tion, and health condition. Therefore, periparturient management to overcome the NEB problem
is vital for optimizing profit in dairy farming. In most tropical countries such as Thailand, dairy
cows have been predominantly kept by small-holder farmers. Consequently, baseline milk yields,
feed availability, feeding management, and general farming practices are different from typical
commercial dairy farming. Heat stress also plays a crucial role in NEB conditions, and elevated
temperature-humidity indexes above-normal conditions are recorded throughout the year. These
factors influence the NEB in tropical dairy cows, which could result in different outcomes and
consequences. Understanding the affecting components of NEB in dairy cows would help alleviate
the severity of the NEB and its consequences, optimizing the dairy cow’s performance.
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Introduction

The period from late pregnancy to early lactation in dairy
cows is crucially essential for milk production, health
condition, and reproductive performance [1]. During this
phase, cows usually face various physiological changes
ranging from reduced milk production, rapid fetal growth,
and decreased dry matter intake (DMI) to rapidly increased
milk production and increased nutrient demands [2,3]. As
a consequence, dairy cows have to adapt and compensate
for these changes. Therefore, blood biochemical parame-
ters, namely, glucose, non-esterified fatty acids (NEFA),
B-hydroxybutyrate (BHBA), triacylglycerol (TAG), choles-
terol, total protein, albumin, urea nitrogen, bilirubin, and
some metabolic hormones such as growth hormone (GH),
insulin and insulin-like growth factors (IGF) and its bind-
ing proteins are altered [4-7]. The alteration of these blood
biochemical parameters and plasma metabolic hormones
cannot balance the energy demand during the transition
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period. In that case, cows will enter the negative energy
balance (NEB) status, directly or indirectly affecting their
health, milk production, and reproduction [3,8]. To gain
profits from dairy cows, it is essential to properly manage
housing, feeding, health, and reproduction to help cows go
through this period without any adverse consequences.
Various factors are affecting NEB condition in dairy
cows. For energy requirements, a genetic factor predom-
inantly related to milk production is an influential param-
eter [9], together with environmental and management
factors such as temperature, humidity, or housing system
[10]. For energy intake, feeding management and feed
ingredients for proper animal intake and requirement
amounts are the most important factors [11]. All of those
factors are highly dependent on geographic differences
in each region. For example, each geographic area has its
conventional forage and concentrate ingredient availabil-
ity, which directly influences nutritional management. The
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temperature and humidity are also be considered import-
ant factors because they have directly affected the DMI and
nutrient requirement of dairy cattle [12].

Up until this date, most studies about NEB in dairy cows
have been done in temperate areas, which are suitable and
convenient for dairy cattle farming in Europe and North
America [13]. In tropical zones, especially Thailand, which
have a reasonable number of dairy farms, data of NEB and
its related factors, including changes of blood biochem-
ical parameter profiles, hormonal alteration, changes of
liver fat content, fluctuation of milk composition, and milk
somatic cell counts throughout the periparturient period
of dairy cows are not yet widely reviewed.

Physiological changes and negative energy balance

The periparturient or transition period is the phase that
influences dairy cows’ production system throughout
the cycle [14]. In this period, DMI is decreased by 30%
after parturition, but glucose demands may increase 2 to
5 times as high as the non-lactating phase to match milk
production after parturition [15]. These physiological
changes result in the NEB problem of periparturient dairy
cows. Both metabolic hormones and their receptors could
be altered over this critical period to match the physiolog-
ical changes, particularly GH, insulin, IGF, and glucose con-
centrations. Metabolic hormones and their receptors are
affected. Besides, various blood biochemical parameters
are affected, such as glucose, NEFA, and BHBA.

In response to high blood glucose demands from NEB,
alteration of insulin-glucagon ratio, and other metabolic
hormones trigger the activation of hormone-sensitive
lipase to increase lipolytic rate in adipose tissue [16]. An
increase in lipolysis occurs to release NEFA and glycerol
into blood circulation, leading to hyperlipidemia or high
NEFA in the serum of post-parturient dairy cows. Both sub-
stances were uptaken mainly in the liver; glycerol enters
the gluconeogenesis pathway resulting in serum glucose or
recombine with NEFA. NEFA is oxidized in the 5-oxidation
reaction to produce 2-carbon fatty acids and converted to
acetyl coenzyme-A before combining with oxaloacetate
to enter the tricarboxylic acid cycle. The use of oxaloace-
tate in this pathway competes with the gluconeogenesis
pathway. Suppose oxaloacetate is insufficient or limited
from the dramatical use in the gluconeogenesis pathway
together with decreasing DMI; in this case, acetyl Co-A will
be converted to ketone bodies, which in high serum con-
centrations can cause various adverse effects on the pro-
duction and animal health [13,17]. NEFA can recombine
with glycerol and deposit in hepatocytes, resulting in the
fatty liver or hepatic lipidosis, which leads to impairment
of liver functions [13]. There is another pathway to secrete
TAGs from the liver into blood circulation by forming TAGs,
and other liver synthesis components such as apo-protein
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and phospholipid resulting in very-low-density lipopro-
tein, but the rate of synthesis is low in the ruminant com-
pared to other species [14].

The hormonal alteration also occurs. IGF-I is a peptide
hormone that plays a crucial role in dairy cattle produc-
tion. The IGF-1 was produced mainly by the liver and bound
with insulin-like growth factor binding protein to release
into blood circulation. Several factors affecting plasma
IGF-I level are milk yield, nutritional status, age, and liver
function. Previous studies showed that plasma IGF-I levels
are positively related to growth [18], reproduction [19,20],
and milk production in dairy cows [21].

Consequences of negative energy balance on production

When NEB occurs, several consequences may happen,
such as hyperketonemia, hyperlipidemia, hepatic lipido-
sis, and reduced IGF-I synthesis, which result in negative
effects on milk production, reproductive performance,
and overall health of animals. To a high degree, hepatic
lipidosis reduces general liver functions, increases the
apoptosis rate of hepatocytes, and induced endoplasmic
reticulum stress [22-24]. Interestingly, periparturient
dairy cows show increased lipid oxidation, mitochondria
function, and autophagy activity at the mild degree of
hepatic lipidosis. These metabolism changes show meta-
bolic adaptation of dairy cows during the peri parturition
stage [25,26]. For related conditions, hyperketonemia has
various effects depending on the degree of concentrations,
such as reduced DMI or decreased immune function [2,4],
but in severe cases, it can lead to the death of a cow.

Effect on overall performance, including milk, repro-
duction, and animal health, was reported. For milk produc-
tion, the direct effect of NEB on the reduction of milk yield,
both short and long term, was reported together with
an indirect effect on udder health and immune function
[27-29]. The relation of NEB to health problems such as
lameness, abomasal displacement, metabolic disease, and
reproductive disease, including metritis and retained pla-
centa [7,30], are reported. In vitro chemotactic impairment
of leukocytes treated with ketone body and increased cull-
ing rate related to NEB of periparturient dairy cows are
also published [28,31].

Dairy cows with NEB have decreased reproductive per-
formance by alteration of DMI to reduce nutritional activa-
tion of the reproductive cycle [9,32,33].

Factors associated with negative energy balance
Milk yield

The degree of severity in NEB depends on various fac-
tors that affect energy balance, mainly milk production,
and nutritional management. Therefore, the difference in
milk production between herds or between areas should

Triwutanon and Rukkwamsuk / J. Adv. Vet. Anim. Res., 8(3): 378-387, September 2021 379



be concerned when discussing NEB conditions. Data from
2015 in Thailand, there were 509,524 dairy cattle, of
which 286,296 were milking cows, kept by 16,248 dairy
cattle farms. Most farms are located in the central and
western regions [34]. The major breed is Holstein Friesian
crossbred with the tropical cows, of which the Holstein
bloodline (Bos taurus) was over 87.5%. Other breeds such
as Jersey, Brow-Swiss, and tropical dairy milking breeds
were also found without quantitative data. The average
milking cow per farm was 17.62 cows per farm [34], which
is lower than other developed dairy industrial countries
such as the USA, Israel, Australia, and other EU countries
[35]. According to the dairy farming category under Thai
conditions, 39.19% and 15.5% of farms had milking cows
less than 12 and 6 cows per farm, respectively [34].

From overall data, we could describe that dairy cattle
farms in Thailand were mainly small-holder farms. In this
type of farm, records and data collection for milk produc-
tion, reproductive events, and other information are still
lacking. Some milk information were reported only by the
farms under the Dairy Farming Promotion Organization of
Thailand. Average daily milk production per cow was 12.02
+0.75,9.59 £ 0.93, 11.00 £+ 0.76 and 10.75 + 0.98 kg, and
the average number of milking cows per farm were 18.74 *
1.93,9.75+2.41,12.13 +1.96,and 21.77 + 2.54 in the cen-
tral, northern, northeast, and southern parts of Thailand,
respectively [34]. The overall country data of dairy cow
production were also reported by Aiumlamai [36]; 3,945
+ 1,537 kg of milk/lactation and 324 + 97 days of lactation
length. Milk production of dairy cows in Thailand is lower

than in other milk-producing countries [10], but the NEB
problem still occurred. Energy used for milk production is
the main requirement during the postpartum period. With
lower production, the elevation of serum BHBA, NEFA, and
liver TAG had been observed, indicating subclinical ketosis
of dairy cows raised in Thailand [37]. Therefore, other fac-
tors affecting NEB, such as feed intake, nutrient availability,
postpartum diseases, or heat stress, should be considered
when evaluating the NEB condition in peripartum cows.

Feedstuff availability

Thailand is a country in a tropical area with adequate rain-
fall and good irrigation management [38]; therefore, plenty
of agricultural plants can be cultivated all year round [39].
However, Thai-traditional dairy farming, which mainly
consisted of a small-holder farming system. Data from the
Thai government showed that 33.74% and 63.70% of dairy
farmers had less than 20 heads and 20-100 heads of total
dairy cattle within a herd, respectively [40]. The usage of
agricultural lands in 2020 was 92.32% as plant cultiva-
tion, resulting in limited land for ruminant-forage produc-
tion [41]. Therefore, the main forage and fiber sources for
dairy cows in Thailand are mainly originated from agricul-
tural by-products and left-over of other cultivated crops
[42], e.g., rice straw, corn husk, and post harvested corn
silage (without corn stalk) from sweet corn and baby corn.
Nutritional values and the price of available forage and
non-forage fiber sources for dairy cattle in Thailand are
presented in Table 1 [43].

Table 1. The nutritional value and price of available forage and non-forage fiber sources for dairy cattle in Thailand (Price

calculated based on currency exchange, 1 USD = 33 BTH).

Type of forage Dry matter  Crude Protein TDN Ether Price per ton of dry basis
e & (%) (%) (%) extract (%) [THB (USD)]
Typical forage Rice straw 90.16 5.23 57.69 0.07 2,773 (84.0)
(Oryza sativa Linn.)
Napier Glass 23.86 8.91 56.87 1.63 5,029 (152.4)
(Pennisetum purpureum)
Corn silage 25.63 8.34 59.06 0.85 5,462 (165.5)
(Zea mays Linn.)
Corn husk 22.28 6.18 59.07 1.12 4,488 (136.0)
(Zea mays L. var. saccharata)
High-quality forage  Alfafa hay 90.07 18 62 - 19,984 (605.6)
(Medicago sativa)
Alfafa silage 50.08 18 62 - 27,733 (840.4)
Corn silage 30.45 7.40 70.38 3.06 6,568 (199.0)
(Zea mays subsp. Mays)
None-forage fiber Cassava pulp 14.47 2.35 72.1 0.14 5,528 (167.5)
source Cassava-ethanol by product 2272 12.00 70.7 1.90 3,521 (106.7)
Soybean pulp 19.26 31.51 80.36 8.88 11,422 (346.1)
Palm oil sludge 23.49 15.37 9.86 43.4 2,128 (64.5)
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Other agricultural industries, for example, cassava
starch and palm oil, also play a vital role in the Thai econ-
omy. There are plenty of by-products available for rumi-
nant feedstuff as non-forage fiber sources with these
types of industry. Cassava pulps, cassava-ethanol by-prod-
uct, and palm-oil sludge are non-forage fiber sources that
are commonly used in Thailand because of their relatively
low price. Not only the feedstuff, soybean pulp from the
soybean milk industry, and brewer’s grain from the liquor
industry with higher nutritional value are also used as
ruminant feedstuff. However, the latter is not extensively
used mainly due to the higher costs than other by-prod-
ucts. These by-products from other agriculture industries
can reduce the feed costin a dairy farm. Still, it could come
with another limitation of their use: uncontrollable and
varied moisture between different lots of by-products.
With a lack of moisture evaluation in the feed ingredient
at the farm level, farmers might underfeed their dairy cat-
tle in dry matter basis, especially in high-variable mois-
ture feed. The overuse of non-forage fiber in dairy cows
also reduces the ratio of effective neutral detergent fiber
leading to subacute ruminal acidosis, which is considered
an important problem as its prevalence has been reported
to be 30% to 42% [44,45]. Various nutritional limitations
and diseases followed by metabolic disorders, especially
in transitional dairy cows, enhance greater chances of
NEB condition [46].

The actual forage of dairy cattle widely cultivated in
Thailand is Napier grass (Pennisetum purpureum) and its
related species because of higher yields per area than the
other forage types. In the non-water irrigating area, annual
cumulative yields were 26.1 to 31.3 tons/ha/year as a dry
matter basis for Napier grass cultivars [47]. Other forages,
such as Ruzi and Dwarf Napier produce only 18.44 to 20.84
tons/ha/year in similar conditions [48].

Other better quality, temperate legume forage, for
example, alfalfa, is not commonly found due to uneco-
nomical cultivation and low production per area in the
humid-tropical area. Whole corn (Zea mays subsp. Mays)
silage is typical temperate forage that can be cultivated in
Thailand. This type of cultivation can be found only in some
areas because of water availability for cultivation. The use
of corn silage is still limited because of the inability to bal-
ance the demand and supply of corn silage to dairy farms,
and also it is more expensive than other by-product forage.
The prices of typical corn silage were 146.92 and 229.56
USD per ton of dry matter basis in the bunker silo and the
plastic bag, respectively, which were higher than the prices

forage. Therefore, the small-scale machines were used to
reduce particle length in the Napier related to grass; how-
ever, a complete harvest using an advanced machine was
rarely seen. For forage preservation, some types of feed-
stuff had to be stored as fermented feed. Due to the low
amount of daily feed consumption in relation to low cow
numbers and lack of technology to manage fermented feed,
inadequate forage and failure to preserve good quality for-
age during the dry season could occur. Both feed quality
and quantity problems, under-feeding, low DMI, and insuf-
ficient nutrient consumption possibly lead to NEB in post-
partum dairy cows. On the other hand, high moisture feed
that limits forage intake and failure to manage feed particle
sizes also increased the risk of ruminal acidosis that had a
negative effect on energy balance [36].

The concentrate is another factor that influent nutri-
tional management of dairy cow. The price of some com-
mon feedstuff compared in Table 2 was 2.3 and 1.2 times
higher for corn and soybean meal in Thailand than in the
USA, respectively [49-51]. Another factor to concern is
that a small-holder farm in Thailand cannot produce their
concentrate. As a result, they use commercial feed. By the
law of the Thai government, the producers of concentrate
feed for animals have to describe nutritional values, includ-
ing moisture, protein, fiber, and ash; that unable to calcu-
lated energy value, for example, total digestibility nutrient
(TDN) by the farmer.

A study about the cost of milk production in Thailand
showed that 49.36% was for the cost of cattle feed. Thus,
it was divided into 39.04% and 10.32% of concentrate and
forage, respectively. Concentrates shared an economically
high cost in Thai milk production [52]. Factors including
the high price of concentrate feed, lack of proper feeding
management in small-holder dairy farms, and inability
to formulate on-farm concentrates should be considered
an NEB-related factor in Thailand. In Thai small-holder
farms, mismanagement of the concentrate diet resulted in
over-condition prepartum or under-condition early post-
partum, leading the cow to enter into NEB [37,46].

Heat stress

In the past 40 years, genetic improvement of dairy cattle
has been made successfully, especially the Holstein-Fresian

Table 2. Comparison of the average price of corn and soybean
meal as animal feed between 2007-2016 in USA and Thailand (Price
calculated based on currency exchange (1USD = 33BTH).

of other forage and by-products as presented in Table 1. Type of Price per  Price per ton Price comparison
The inability of small-holder dairy farms. which mainly concentrate ton in USA in Thailand (Percentage of Thai/USA
’ (UsD) (UsD) price)
use workforce to manage the forage, is another limitation
. . X C . Corn 109.15 252.12 230.9%
in using and transporting some forage. Most Thai dairy
farmers still used the cut-an-carry method to harvest _Sovbeanmeal 36200 434.84 120.12%
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breed. Increasing in milk production in the USA dairy
industry was four times greater in 1995 than in 1940, but it
also changed in the thermal regulation of dairy cattle breed
[10]. Higher producing dairy cows have lesser heat toler-
ance and higher susceptibility to heat stress problems. In
general, dairy cows are considered in their comfort zone at
a temperature of 6°C to 18°C. In a tropical area with a high
humidity variation, the temperature-humidity index (THI)
value is calculated based on environmental temperature
and humidity. The THI value should be used as an indicator
to predict heat stress problems in dairy cows [53].

Heat stress has various negative effects on dairy cows
ranging from reduced milk production to impaired health
status [54,55]. In adaptation to increased environmen-
tal temperature, the basal metabolic rates decrease as
compared to normal temperature. In contrast, the DMI is
decreased greater than the metabolic rate, resulting in a
higher risk of the dairy cow entering a preliminary NEB
stage [56].

Heat stress and consequences can lead to higher
chances for dairy cows to enter the NEB stage. Not only
directly resulting from nutritional factors, the effect of heat
stress on other factors such as impairment of various hor-
mones in the GH-IGF axis [12], behaviors change [57], and
immunosuppression [58] are also indirect causes of NEB
condition.

The guidance for the management of heat stress prob-
lems based on THI is set. The THI levels for mild, severe,
and very severe heat stress are 72-78, 78-89, and 89-98,
respectively [59]. The THI of Thailand is demonstrated in
Figure 1 [60,61]. If we consider the average THI, cows in a
year were in normal, mild, and moderate heat stress con-
ditions for 1, 2, and 10 months, respectively. In Thailand’s

Temperature Humidity Index (THI)

Figure 1. The average monthly temperature-humidity index of
Thailand in general and divided by region in 2014.
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central and northeastern regions, the maximum tempera-
ture during the summer period usually exceeds 40°C,
which can cause dairy cows to enter severe heat stress
conditions. The THI in the northern and northeastern
regions is lower than the country’s THI average [62]. The
severity of heat stress classified by average THI was within
mild stress from October to March and severe stress from
April to September.

The relation between days open, the month of calving,
and THI are also reported in the same study [62]. The calv-
ing month was notably in September, which was corre-
sponded well with successful breeding from December to
January when the THI was low. Dairy cows calving in other
months, which are hotter at the time of rebreeding period,
had longer days open than cows that calved in October.

Negative energy balance study in Thailand

Studies of NEB in dairy cows include various data and
multiple sample collections, which were inconvenient for
fully convincing small-holder farms. The overall manage-
ment of Thai dairy farms was similar to other developing
countries, a small-scale farming system with incomplete
basic data collection, i.e., identification number, age, date
of calving, artificial insemination date, etc., of milking
cows. More advanced data and information, such as DM],
daily milk yield, health problems, previous body condi-
tion score (BCS), and other reproductive indices, are also
unable to collect. Sample collection issues such as blood
collection and liver biopsy are also being considered as
invasive methods for the farmers’ perception due to a lack
of understanding of veterinary procedures. For all of these
reasons, most research and studies were done in commer-
cial or research farms, represented in very small numbers
in Thailand, instead of typical small-holding farms.

There are several studies about NEB and related hor-
monal and biochemical parameters of dairy cows in
Thailand. Variation of dairy farms that were studied ranges
from the large-scale commercial to the small-holder farms,
and milk production ranges from 14 to 40 kg/day.

The dynamic change of BCS at transition period, which
is directly related to NEB condition, was studied. The dra-
matically decreased at 2 weeks prepartum and gradually
increased body weights at 3 weeks postpartum of dairy
cows were reported [62]. The BCS in prepartum cows
was reported [3,8,63,64], lower than the expected BCS of
3.5. The loss of BCS postpartum was reported in various
studies ranging from 0.19 to 0.49 units (1 week prepartum
compared to 4 weeks postpartum) in approximately 15
kg/day of milk production in the early lactation period. In
comparison with Bernabucci et al. [65] and Bruckental et
al. [66], the loss of BCS, around 0.7-1.0 units in postpartum
dairy cows produced 31.15 kg/day, are much higher than
the loss in BCS studied in Thailand.
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Energy balance has been reported by Suadsong et al.
[67] in a group of cows with 12.6 + 0.2 kg/day milk pro-
duction (during 22 weeks postpartum). Nadir of NEB, days
to the nadir of NEB, and days to an equilibrium of energy
were -3.7 + 0.4 Mcal/day, 20.0 + 2.3, and 53.0 + 4.1 days,
respectively. Compared with -5.06 Mcal/day, 9-10 days
and 38 days of the nadir of NEB, days to nadir, and days
to equilibrium in the temperate area [68]. The severity of
NEB is less but prolonged in Thai studies than in other geo-
graphic areas, possibly due to lower milk production, and
the inability to provide good nutritional management to
the correction of energy balance postpartum.

Blood biochemical parameters of periparturient
dairy cows in Thailand were reported in various studies.
Dynamic changes of serum glucose were reported with a
slight increase during the pre-parturition period, a rise
at calving, and a decrease immediately after calving with-
out significant differences [62]. In contrast to other with-
in-country studies, a significant decrease in serum glucose
at 2 weeks after calving, compared to 2 weeks before the
expected calving date, was observed [63,69]. Levels of
serum glucose were reported ranging from 26.17 + 1.47 to
68.6 £ 7.7 mg/dl [64,69] and 26% lower at 2 weeks after
calving compares to 2 weeks before expected calving [63].
Moreover, 12%-13% of cows had more than 40 mg/dl of
serum glucose postpartum [36]. Decreasing serum glu-
cose postpartum also were reported in other geographic
areas, but the level of serum glucose tends to be lower in
Thailand compared to greater than 48 mg/dl in other stud-
ies [68,70,71].

Serum NEFA was the most studied blood biochemical
parameter in Thailand; levels of serum NEFA were reported
with 0.56 + 0.04 mEq/], 0.58 + 0.05 mEq/], and 0.48 + 0.04
mEq/] at one week prepartum and 2 to 4 weeks postpar-
tum without significant differences by times [3]. On the
other hand, changing serum NEFA by time with the high-
est concentrations observed at 1 week after calving and
decreasing after calving throughout 10 weeks postpartum
were reported [62]. Chankrachang and Hongyantrachai
[69] showed that serum NEFA concentrations at 2 weeks
pre-and postpartum were 0.398 + 0.035 and 0.475 + 0.049
mEq/l, respectively significant changes. Dynamic of serum
NEFA also reported by Suadsong et al. [67], concentrations
were significantly decreased from 1 to 6 weeks postpar-
tum and remained unchanged between 6 to 12 weeks with
an average of 0.133 + 0.007 mEq/I throughout 12 weeks.
Rukkwamsuk and Panneum [63] also reported other ele-
vated serum NEFA, and the percentage of increase was
132% (2 weeks postpartum compared with 2 weeks pre-
partum concentrations).

Serum NEFA concentration in most studies, except from
Suadsong et al. [67], is classified as high as a subclinical
ketoticgroup (0.35+0.01-0.37 £ 0.01 mmol/I) from another
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study at the different geographic area. As compared to the
studies in Thailand, a variation of serum NEFA concentra-
tions was also found in the temperate area [72,73] caused
by different milk production and nutritional management
between each study. However, significant serum NEFA was
reported in many studies in Thailand; therefore, increased
lipolytic activity leading to hyperketonemia and hepatic
lipidosis should not be ignored.

A Significant change of serum TAG concentrations
was reported at 2 weeks pre-and postpartum [8] with an
average concentration in a period of 2 weeks before the
expected calving date to 4 weeks postpartum was 17.07
1.21 mg/dl [63].

Serum BHBA concentration was reported by Whitaker
et al. [74], with average concentrations of 0.8 + 0.6, 0.9
0.6, and 0.8 £ 0.5 mmol/] for pre-calving, 1 month, and 2
to 3 months post-calving, respectively. The percentage of
serum BHBA elevation above baseline value was 9% of the
postpartum cows (> 1.2 mmol/1) [36]. Whitaker et al. [74]
studied serum BHBA concentrations in sub-tropical and
tropical countries in various regions, including Asia, Europe,
Northcentral, and South America. A marked decrease in BCS
and weight loss after calving were reported in Thailand, and
Sri Langa, with one-third of dairy cows in Thailand, had ele-
vated serum BHBA pre-calving (> 0.6 mmol/1), 1 month, and
2 to 3 months post-calving (> 1.0 mmol/1).

In relation to Whitaker et al. [74], the percentage of ele-
vation in serum BHBA above baseline value were reported
with 26% (> 0.6 mmol/l) prepartum [4], 31% (> 1.0
mmol/1) [28], and 18%-25% (> 1.2 mmol/1) postpartum
[13,75] from other geographic areas, but higher compared
to within the country study of Aiumlamai [36].

Rukkwamsuk et al. [76] reported a significant differ-
ence in serum NEFA and BHBA in dairy cows kept in the
evaporative cooling system. Serum NEFA were 0.25 + 0.06,
0.91 + 0.12, and 0.73 £ 0.18 mmol/l at 2 weeks before
expected calving, 2 and 4 weeks after calving, respectively.
Serum BHBA were 0.51 + 0.05,1.16 + 0.21,and 0.90 + 0.17
mmol/] at 2 weeks before expected calving, 2 and 4 weeks
after calving, respectively. Average serum concentrations
of NEFA at 2 and 4 weeks after calving and BHBA at 2 weeks
after calving were higher than the cut-off for sub-clinical
ketosis. Even though elevated serum NEFA and BHBA post-
partum were reported, average milk production was 29.1
+ 5.3 kg/cows/d in 30 days postpartum, which was much
higher than other studies in Thailand. Due to variation in
milk production and evaporative cooling system housing,
this study might not represent the typical small-holding
dairy farming in Thailand.

The serum hormonelevels were reported by Kaewlamun
[62], average 12 weeks postpartum of serum concentra-
tion of IGF-I, and cortisol concentrations were approxi-
mately 40-100 ng/ml and 40-17 mmol/l, respectively, for
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dairy cows with average milk production of 15 kg/day at
the peak of lactation. There were effects of time postpar-
tum on both blood biochemical parameter concentrations.
Before calving, increasing serum cortisol concentra-
tions before calving, declining until 2 weeks postpartum,
and remaining stable throughout 12 weeks of the study
period were reported. Cortisol remained relatively stable
from 2 weeks to the end of the study. Data on serum insu-
lin and IGF-I from cows with an average of 39 + 7.2 kg/
day of milk production were reported in the same study:.
Serum concentrations of both insulin and IGF-I increased
slightly during the 1st month of the dry period and then
drastically decline at calving. The lowest blood concen-
trations of insulin were observed at 2 weeks postpartum.
After that, IGF-1 increased gradually throughout the rest of
the study. Insulin and IGF-I's serum concentration ranged
from approximately 10-25 pmol/l and 100-350 ng/ml,
respectively.

Liver TAGs in the cows kept in the evaporative cooling
system were reported by Rukkwamsuk et al. [76]. Average
concentrations of TAG at 1, 2, 3, and 4 weeks after parturi-
tion were 24.3 + 1.0, 61.4 + 6.3, 61.1 + 6.4, and 57.3 + 6.3
mg/g wet weight of liver, respectively. The prevalence of
fatty liver classified by more than 50 mg of TAG in 1 g of the
wet weight of liver tissue was 68.4%. Liver TAG concen-
tration was related to another study [6] in the temperate
area. This study was conducted in the good management
commercial farm with milk production (31 + 4 kg/d during
the first 4 weeks of lactation) and nutritional management
similar to commercial farms in other countries.

Effects of NEB on dairy cow production were also
reported [8]. The study showed sub-optimum milk yields,
delayed the first estrus after calving, and low pregnancy
rates in a group of suspected NEB cows due to significantly
reduced serum glucose and increased NEFA at 2 weeks
postpartum. Average days from calving to first estrus were
72 + 65 days, and pregnancy rates in the group studied
were 28.6%, 11.1%, and 12.0% for first, second, and third
artificial insemination, respectively. Milk production was
15.80 * 4.10 kg/d during 4 weeks postpartum without a
peak of yield between 7 to 9 weeks of lactation.

The study of Chankrachang and Hongyantrachai [69]
also reported that days to the first service, days open,
services per conception, and first service conception rate
were 83.86 * 4.11 days, 106.76 + 5.66 days, 1.65 * 0.14
times, and 47.62%, respectively, which are considered
suboptimal for the expected reproductive parameter in a
group of cows that are suspected of having NEB.

Conclusions

A small-holder dairy farm in humid tropical areas was the
major farming type in Thailand. Factors related to this

http://bdvets.org/javar/

type of farming system, including nutritional factors, farm
management, heat stress, and feed availability, had unique
influences on the NEB condition of dairy cows. Many stud-
ies showed that low-producing dairy cows under this
farming system demonstrated NEB-related conditions,
even at severe degrees in some cows. When evaluating the
NEB problem in tropical small-holder farms, nutritional
management failures and heat stress should not be over-
looked. The small-holder dairy farms are also widely found
in other humid tropical climates in South and Southeast
Asia. Thus, the pattern of NEB and alteration of biological
parameters in Thailand could be used as a model for evalu-
ating NEB conditions in these geographic conditions.

List of abbreviations

BHBA: 3-hydroxybutyrate, BCS: Body condition score, DMI:
Dry matter intake, GH: Growth hormone, IGF: Insulin-like
growth factor, NEB: Negative energy balance, NEFA: Non-
esterified fatty acid, TDN: Total digestibility nutrient, TAG:
Triacylglycerol.

Acknowledgments

The authors acknowledged the financial support in part
by the Graduate Program Scholarship from the Graduate
School Kasetsart University.

Conflict of Interests

The authors declare that they have no conflict of interest.

Authors’ Contribution

Triwutanon gathered relevant literature and drafted
the manuscript. Rukkwamsuk gave a conceptual idea,
restructured and edited the manuscript. Triwutanon and
Rukkwamsuk critically proofread the final manuscript.

References

[1] Hut PR, Mulder A, van den Broek JVD, Hulsen JHJL, Hooijer GA,
Stassen EN, et al. Sensor based eating time variables of dairy
cows in the transition period related to the time to first service.
Prev Vet Med 2020; 169:104694; https://doi.org/10.1016/j.
prevetmed.2019.104694

[2]  Salin S, Vanhatalo A, Elo K, Taponen ], Boston RC, Kokkonen T.
Effects of dietary energy allowance and decline in dry matter
intake during the dry period on responses to glucose and insulin in
transition dairy cows. J Dairy Sci 2017; 100:5266-80; https://doi.
org/10.3168/jds.2016-11871.

[3] Rukkwamsuk T, Homwong N, Bumkhuntod W, Rohitakanee P,
Sukcharoen R. Negative energy balance in periparturient dairy
cows raised in small-holder farms in Kamphaengsaen district,
Nakhon Pathom province. Kasetsart ] (Nat Sci) 2006; 40:1000-4.

[4]  Caré S, Trevisi E, Minuti A, Ferrari A, Loor ], Calamari L. Plasma
fructosamine during the transition period and its relationship
with energy metabolism and inflammation biomarkers in dairy

Triwutanon and Rukkwamsuk / J. Adv. Vet. Anim. Res., 8(3): 378-387, September 2021 384


https://doi.org/10.1016/j.prevetmed.2019.104694
https://doi.org/10.1016/j.prevetmed.2019.104694
https://doi.org/10.3168/jds.2016-11871.
https://doi.org/10.3168/jds.2016-11871.

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

http://bdvets.org/javar/

cows. Livest Sci 2018; 216:138-47; https://doi.org/10.1016/j.
livsci.2018.08.003

Cattaneo L, Lopreiato V, Trevisi E, Minuti A. Association of postpar-
tum uterine diseases with lying time and metabolic profiles of mul-
tiparous Holstein dairy cows in the transition period. Vet ] 2020;
263:105533; https://doi.org/10.1016/j.tvjl.2020.105533
Creutzinger KC, Dann HM, Moraes LE, Krawczel PD, Proudfoot KL.
Effects of prepartum stocking density and a blind on physiological
biomarkers, health, and hygiene of transition Holstein dairy cows.
J Dairy Sci 2020; 104(1):886-898; https://doi.org/10.3168/
jds.2020-18718

Stevenson ], Banuelos S, Mendonga L. Transition dairy cow health
is associated with first postpartum ovulation risk, metabolic sta-
tus, milk production, rumination, and physical activity. ] Dairy Sci
2020; 103:9573-86; https://doi.org/10.3168/jds.2020-18636
Rukkwamsuk T. A field study on negative energy balance in peri-
parturient dairy cows kept in small-holder farms: effect on milk
production and reproduction. Afr J Agric Res 2010; 5:3157-63;
https://doi.org/10.5897 /AJAR10.720

Moallem U, Kamer H, Hod A, Lifshitz L, Kra G, Jacoby S, et al.
Reducing milking frequency from thrice to twice daily in early lac-
tation improves the metabolic status of high-yielding dairy cows
with only minor effects on yields. ] Dairy Sci 2019; 102:9468-80;
https://doi.org/10.3168/jds.2019-16674

Kadzere CT, Murphy MR, Silanikove N, Maltz E. Heat stress in
lactating dairy cows: a review. Livest Prod Sci 2002; 77:59-91;
https://doi.org/10.1016/S0301-6226(01)00330-X

Schirmann K, Weary DM, Heuwieser W, Chapinal N, Cerri RLA, Von
Keyserlingk MAG. Short communication: rumination and feed-
ing behaviors differ between healthy and sick dairy cows during
the transition period. ] Dairy Sci 2016; 99:9917-24; https://doi.
org/10.3168/jds.2015-10548

Castro-Montoya JM, Dickhoefer U. The nutritional value of tropical
legume forages fed to ruminants as affected by their growth habit
and fed form: a systematic review. Anim Feed Sci Technol 2020;
269:114641; https://doi.org/10.1016/j.anifeedsci.2020.114641
McArt JAA, Nydam DV, Oetzel GR, Overton TR, Ospina PA. Elevated
non-esterified fatty acids and f-hydroxybutyrate and their associ-
ation with transition dairy cow performance. Vet] 2013; 198:560-
70; https://doi.org/10.1016/j.tvjL.2013.08.011

Mills KE, Weary DM, Von Keyserlingk MAG. Identifying barriers
to successful dairy cow transition management. | Dairy Sci 2020;
103:1749-58; https://doi.org/10.3168/jds.2018-16231

Bell AW. Regulation of organic nutrient metabolism during tran-
sition from late pregnancy to early lactation. ] Anim Sci 1995;
73:2804-19; https://doi.org/10.2527/1995.7392804x

Du X, Shen T, Wang H, Qin X, Xing D, Ye Q, et al. Adaptations of
hepatic lipid metabolism and mitochondria in dairy cows with
mild fatty liver. ] Dairy Sci 2018; 101:9544-58; https://doi.
org/10.3168/jds.2018-14546

Zarrin M, Grossen-Rosti L, Bruckmaier R, Gross J. Elevation of
blood B-hydroxybutyrate concentration affects glucose metabo-
lism in dairy cows before and after parturition. ] Dairy Sci 2017;
100:2323-33; https://doi.org/10.3168/jds.2016-11714

De Koster ], Salavati M, Grelet C, Crowe MA, Matthews E, O’Flaherty
R, et al. Prediction of metabolic clusters in early-lactation dairy
cows using models based on milk biomarkers. ] Dairy Sci 2018;
102:2631-44; https://doi.org/10.3168/jds.2018-15533
Gobikrushanth M, Purfield DC, Colazo MG, Wang, Z, Butler ST,
Ambrose DJ. The relationship between serum insulin-like growth
factor-1 (IGF-1) concentration and reproductive performance, and
genome-wide associations for serum IGF-1 in Holstein cows. ] Dairy
Sci2018;101:9154-67; https://doi.org/10.3168/jds.2018-14535
Silva Silveira PA, Butler WR, da Silva TC, Barros CC, Corréa MN,
Schneider A. Association of polymorphisms in the IGF-I, GHR and
STAT5A genes with serum IGF-I concentration and reproductive

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Triwutanon and Rukkwamsuk / J. Adv. Vet. Anim. Res., 8(3): 378-387, September 2021

performance of Holstein dairy cows. Anim Reprod Sci 2019;
211:106206; https://doi.org/10.1016/j.anireprosci.2019.106206
Beltman ME, McNally JC, Kelly E, Crowe M. A Relationship between
plasma concentrations of IGF-I and clinical endometritis, and
response to progesterone synchrony in dairy cows during early lac-
tation. ] Dairy Sci 2020; 103:9493-501; https://doi.org/10.3168/
jds.2019-17974

Gerspach C, Imhasly S, Gubler M, Naegeli H, Ruetten M, Laczko
E. Altered plasma lipidome profile of dairy cows with fatty liver
disease. Res Vet Sci 2017; 110:47-59; https://doi.org/10.1016/j.
rvsc.2016.10.001

Du X, Liu G, Loor JJ, Fang Z, Bucktrout R, Yang Y, et al. Impaired
hepatic autophagic activity in dairy cows with severe fatty liver is
associated with inflammation and reduced liver function. ] Dairy Sci
2018;101:11175-85; https://doi.org/10.3168/jds.2018-15120
Zhu Y, Guan Y, Loor J], Sha X, Coleman DN, Zhang C, et al. Fatty
acid-induced endoplasmic reticulum stress promoted lipid accu-
mulation in calf hepatocytes, and endoplasmic reticulum stress
existed in the liver of severe fatty liver cows. ] Dairy Sci 2019;
102:7359-70; https://doi.org/10.3168/jds.2018-16015

Chen M, Loor J], Zhai Q, Liang Y, Yu H, Du X, et al. Short communi-
cation: enhanced autophagy activity in liver tissue of dairy cows
with mild fatty liver. ] Dairy Sci 2019; 103:3628-35; https://doi.
org/10.3168/jds.2019-17457

Du X, Shen T, Wang H, Qin X, Xing D, Ye Q, et al. Adaptations of
hepatic lipid metabolism and mitochondria in dairy cows with
mild fatty liver. ] Dairy Sci 2018; 101:9544-58; https://doi.
org/10.3168/jds.2018-14546

Barletta RV, Maturana FM, Carvalho PD, Del Valle TA, Netto AS,
Rennd FP, et al. Association of changes among body condition
score during the transition period with NEFA and BHBA concen-
trations, milk production, fertility, and health of Holstein cows.
Theriogenology 2017; 104:30-6; https://doi.org/10.1016/j.
theriogenology.2017.07.030

Xu W, Vervoort ], Saccenti E, Kemp B, van Hoeij R], van Knegsel
ATM. Relationship between energy balance and metabolic pro-
files in plasma and milk of dairy cows in early lactation. ] Dairy Sci
2020; 103:4795-805; https://doi.org/10.3168/jds.2019-17777
Zhang G, Hailemariam D, Dervishi E, Goldansaz SA, Deng Q, Dunn
SM, et al. Dairy cows affected by ketosis show alterations in innate
immunity and lipid and carbohydrate metabolism during the dry
off period and postpartum. Res Vet Sci 2016; 107:246-56; https://
doi.org/10.1016/j.rvsc.2016.06.012

Becker VAE, Stamer E, Thaller G. Liability to diseases and their
relation to dry matter intake and energy balance in German
Holstein and Fleckvieh dairy cows. ] Dairy Sci 2020; 104(1):628-
43; https://doi.org/10.3168/jds.2020-18579

Suriyasathaporn W, Daemen AJJM, Noordhuizen-Stassen EN,
Dieleman SJ, Nielen M, Schukken YH. B-Hydroxybutyrate lev-
els in peripheral blood and ketone bodies supplemented in cul-
ture media affect the in vitro chemotaxis of bovine leukocytes.
Vet Immunol Immunopathol 1999; 68:177-86; https://doi.
org/10.1016/S0165-2427(99)00017-3

Chaput C, Sirard MA. Embryonic response to high beta-hy-
droxybutyrate (BHB) levels in postpartum dairy cows. Domest
Anim Endocrinol 2020; 72:106431; https://doi.org/10.1016/j.
domaniend.2019.106431

Gomez NA, Conley A], Robinson PH. Effects of long-term, near-
term, and real-time energy balance, and blood progesterone con-
centrations, on the pregnancy rate of contemporary dairy cows.
Anim Reprod Sci 2018; 189:136-45; https://doi.org/10.1016/j.
anireprosci.2018.01.001

ICT. DLD information and communication technology center,
department of livestock development Thailand. Population data
of livestock in Thailand, Bangok, Thailand, 2015. Available via

385


https://doi.org/10.1016/j.livsci.2018.08.003
https://doi.org/10.1016/j.livsci.2018.08.003
https://doi.org/10.1016/j.tvjl.2020.105533
https://doi.org/10.3168/jds.2020-18718
https://doi.org/10.3168/jds.2020-18718
https://doi.org/10.3168/jds.2020-18636
https://doi.org/10.5897/AJAR10.720
https://doi.org/10.3168/jds.2019-16674
https://doi.org/10.1016/S0301-6226(01)00330-X
https://doi.org/10.3168/jds.2015-10548
https://doi.org/10.3168/jds.2015-10548
https://doi.org/10.1016/j.anifeedsci.2020.114641
https://doi.org/10.1016/j.tvjl.2013.08.011
https://doi.org/10.3168/jds.2018-16231
https://doi.org/10.2527/1995.7392804x
https://doi.org/10.3168/jds.2018-14546
https://doi.org/10.3168/jds.2018-14546
https://doi.org/10.3168/jds.2016-11714
https://doi.org/10.3168/jds.2018-15533
https://doi.org/10.3168/jds.2018-14535
https://doi.org/10.1016/j.anireprosci.2019.106206
https://doi.org/10.3168/jds.2019-17974
https://doi.org/10.3168/jds.2019-17974
https://doi.org/10.1016/j.rvsc.2016.10.001
https://doi.org/10.1016/j.rvsc.2016.10.001
https://doi.org/10.3168/jds.2018-15120
https://doi.org/10.3168/jds.2018-16015
https://doi.org/10.3168/jds.2019-17457
https://doi.org/10.3168/jds.2019-17457
https://doi.org/10.3168/jds.2018-14546
https://doi.org/10.3168/jds.2018-14546
https://doi.org/10.1016/j.theriogenology.2017.07.030
https://doi.org/10.1016/j.theriogenology.2017.07.030
https://doi.org/10.3168/jds.2019-17777
https://doi.org/10.1016/j.rvsc.2016.06.012
https://doi.org/10.1016/j.rvsc.2016.06.012
https://doi.org/10.3168/jds.2020-18579
https://doi.org/10.1016/S0165-2427(99)00017-3
https://doi.org/10.1016/S0165-2427(99)00017-3
https://doi.org/10.1016/j.domaniend.2019.106431
https://doi.org/10.1016/j.domaniend.2019.106431
https://doi.org/10.1016/j.anireprosci.2018.01.001
https://doi.org/10.1016/j.anireprosci.2018.01.001

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

http://bdvets.org/javar/

http://esc.agritech.doae.go.th/wp-content/uploads/2016/03/
may. (Accessed 5 May 2019).

Hemme T, Home JO. Status and prospects for small-holder milk
production; a global perspective. 2010. Available via http://www.
http://www.fao.org/3/i1522e/i1522e00.pdf. (Accessed 5 May
2019).

Aiumlamai S. Dairy management, health and production in
Thailand. Inter Dairy Topics 2009; 8:11-3.

Triwutanon S, Rukkwamsuk T. Changes of body condition scores,
serum biochemistry and liver triacylglycerol in periparturient
Holstein Friesian dairy cows raised in a small-holder farm. World
Vet] 2021; 11(1): 23-8.

Bastakoti RC, Chalermphol J. Chapter 12 - Irrigation management
at the rural-urban interface in Thailand: Understanding the role of
local institutions. In: Ullah R (ed.). Natural Resource Governance
in Asia Elsevier, Michigan, MI, pp 183-97, 2021; https://doi.
org/10.1016/B978-0-323-85729-1.00005-0

Faysse N, Aguilhon L, Phiboon K, Purotaganon M. Mainly farm-
ing ... but what’s next? The future of irrigated farms in Thailand.
] Rural Stud 2020; 73:68-76; https://doi.org/10.1016/j.
jrurstud.2019.12.002

ICT. DLD information and communication technology center,
department of livestock development Thailand. Population data
of livestock in Thailand, Bangok, Thailand, 2020, Available via
https://ict.dld.go.th/webnew/index.php/th/service-ict/report/
355-report-thailand-livestock/animal-book/1556-2563.
(Accessed 1 June 2021).

OAE. MAC office of agricultural economics, Ministry of Agriculture
and Cooperatives Thailand. Agricultural land utilization, Bangok,
Thailand, 2019. Available via http://www.oae.go.th/assets/por-
tals/1/files/socio/LandUtilization2562.pdf. (Accessed 1 June
2021)

Suksombat W, Lounglawan P. Silage from agricultural by-products
in Thailand: processing and storage. Asian-Aust ] Anim Sci 2004;
17(4):473-8; https://doi.org/10.5713 /ajas.2004.473

BANDLD, Bureau of Animal Nutrition, Development of livestock
development, Thailand. Collection and improvement in nutritive
values database of feed Stuffs. 2016. Available via http://nutrition.
dld.go.th/nutrition/images/feedstuff/feed-table.pdf. (Accessed 5
May 2019).

Inchaisri C, Ajariyakhajorn, Chunpongsang S, Suriyasataporn W,
Pinyopummintr T, Smolenaars A, et al. Risk factors of subclinical
ketosis and subacute ruminal acidosis under different feeding man-
agement during post calving of Thai dairy cattle in small-holder
farms. In: Proceedings of AHAT/BSAS Internationnal Conference:
AUNP symposium, Khon Kaen, Thailand, 2005, pp 70-9.
Jarassaeng C, Aiumlamai S, Wachirapakorn C. Subacute ruminal
acidosis and subclinical mastitis in dairy cows, In: Proceeding of
Dairy Conference, Khon Kaen, Thailand, 2006, pp 89-93.
Triwutanon S, Rukkwamsuk T. Patterns of blood biochemical
parameters of peripartum dairy cows raised in either small-holder
or semi-commercial dairy farms in Thailand. Vet World 2021;
14(3):649-55; https://doi.org/10.14202 /vetworld.2021.649-655
Tudsri S, Jorgensen ST, Riddach P, Pookpakdi A. Effect of cutting
height and dry season date on yield and quality of five napier grass
cultivars in Thailand. Trop Grassl 2002; 36:248-52.

Tekletsadik T, Tudsri S, Juntakool S, Prasanpanich S. Effect of dry
season cutting management on subsequent forage yield and qual-
ity of ruzi (Brachiaria ruziziensis) and dwarf napier (Pennisetum
purpureum L.) in Thailand. Kasetsart]. (Nat. Sci.) 2004; 38:457-67.
Langemeier M. Impact of corn and soybean meal prices on
swine finishing feed cost. Department of Agricultural and
Consumer Economics, University of Illinois at Urbana-Champaign,
Champaign, IL, 2016. Available via http://farmdocdaily.illinois.
edu/2016/07 /impact-corn-soybean-meal-prices-swine-feed-
cost.html. (Accessed 5 May 2018).

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Triwutanon and Rukkwamsuk / J. Adv. Vet. Anim. Res., 8(3): 378-387, September 2021

TFM, Thai Feed Mill Association. Monthly prices of corn for animal
feed, Bangkok, Thailand, 2018. Available via http://www.thaifeed-
mill.com/Portals/0/. Retrieved,(Accessed 5 May 2019).

TFM, Thai Feed Mill Association. Monthly prices of imported soy
bean meal, Bangkok, Thailand, 2018.Available via http://www.
thaifeedmill.com/Portals/0/. (Accessed 5 May 2019).

Phinidsorn K, Sriboonruang C. Cost analysis of the raw milk pro-
duction in dairy farms, Fang and Chai Prakan districts, Chiang Mai,
Thailand. Available via http://region5.dld.go.th/webnew/images/
stories/2563/paper/6320105075.pdf. (Accessed 1 June 2021).
Pinto S, Hoffmann G, Ammon C, Amon T. Critical THI thresh-
olds based on the physiological parameters of lactating dairy
cows. ] Ther Biol 2020; 88:102523; https://doi.org/10.1016/j.
jtherbio.2020.102523

Fan C, Su D, Tian H, Hu R, Ran L, Yang Y, et al. Milk production and
composition and metabolic alterations in the mammary gland of
heat-stressed lactating dairy cows. | Integr Agric 2019; 18:2844-
54; https://doi.org/10.1016/5S2095-3119(19)62834-0

Shan Q, Ma FT, Jin YH, Gao D, Li HY, Sun P. Chromium yeast allevi-
ates heat stress by improving antioxidant and immune function in
Holstein mid-lactation dairy cows. Anim Feed Sci Technol 2020;
269:114635; https://doi.org/10.1016/j.anifeedsci.2020.114635
Tao S, Orellana Rivas RM, Marins TN, Chen YC, Gao ], Bernard JK.
Impact of heat stress on lactational performance of dairy cows.
Theriogenology 2020; 150:437-44; https://doi.org/10.1016/j.
theriogenology.2020.02.048

Yu-Chi T, Jih-Tay H, Shih-Torng D, Rustia DJ, Lin T. Assessment of
dairy cow heat stress by monitoring drinking behaviour using
an embedded imaging system. Biosyst Eng 2020; 199:97-108;
https://doi.org/10.1016/j.biosystemseng.2020.03.013

Das R, Sailo L, Verma N, Bharti P, Saikia ], Imtiwati, et al. Impact
of heat stress on health and performance of dairy animals: a
review. Vet World 2016; 9:260-8; https://doi.org/10.14202/
vetworld.2016.260-268

Bohlouli M, Shodja | Alijani S, Eghbal A. The relationship between
temperature-humidity index and test-day milk yield of Iranian hol-
stein dairy cattle using random regression model. Livest Sci 2013;
157:414-20; https://doi.org/10.1016/j.livsci.2013.09.005

TMD, Thai Meteorological Department. Average monthly tem-
perature divided by region of Thailand.Bangkok, Thailand, 2014.
Available via http://www.tmd.go.th. (Accessed 5 May 2019) .
TMD, Thai Meteorological Department. Average monthly humidity
divided by region of Thailand. Bangkok, Thailand, 2014. Available
via http://www.tmd.go.th. (Accessed 5 May 2019).

Kaewlamun W. Effect of heat stress and beta-carotine supplemen-
tation on postpartum reproductive performance in dairy cow.
PhD Thesis. Chulalongkorn University, Bangkok, Thailand, 2010.
Available via https://doi.org/10.14457 /CU.the.2010.887
Rukkwamsuk T, Panneum S. Effect of oral administration of pro-
pylene glycol during periparturient period on blood biochemical
parameters and liver triacylglycerol accumulation in postparturi-
ent dairy cows. Afr ] Agric Res 2010; 5:3239-45.

Rukkwamsuk T, Seubsai A. Comparison of two protocols for
propylene glycol administration in periparturient dairy cows:
effects on blood metabolites, milk production and reproduc-
tion. ] Anim Vet Adv 2010; 9:2990-5; https://doi.org/10.3923/
javaa.2010.2990.2995

Bernabucci U, Basirico L, Pirazzi D, Rueca F, Lacetera N, Lepri E,
et al. Liver apolipoprotein B100 expression and secretion are
down-regulated early postpartum in dairy cows. Livest Sci 2009;
125:169-76; https://doi.org/10.1016/j.livsci.2009.04.006
Bruckental I, Holtzman M, Kaim M, Aharoni Y, Zamwell S, Voet H,
et al. Effect of amount of undegradable crude protein in the diets
of high-yielding dairy cows on energy balance and reproduc-
tion. Livest Prod Sci 2000; 63:131-40; https://doi.org/10.1016/
S0301-6226(99)00124-4

386


http://esc.agritech.doae.go.th/wp-content/uploads/2016/03/may
http://esc.agritech.doae.go.th/wp-content/uploads/2016/03/may
http://www
http://www.fao.org/3/i1522e/i1522e00.pdf
https://doi.org/10.1016/B978-0-323-85729-1.00005-0
https://doi.org/10.1016/B978-0-323-85729-1.00005-0
https://doi.org/10.1016/j.jrurstud.2019.12.002
https://doi.org/10.1016/j.jrurstud.2019.12.002
https://ict.dld.go.th/webnew/index.php/th/service-ict/report/355-report-thailand-livestock/animal-bo
https://ict.dld.go.th/webnew/index.php/th/service-ict/report/355-report-thailand-livestock/animal-bo
http://www.oae.go.th/assets/portals/1/files/socio/LandUtilization2562.pdf
http://www.oae.go.th/assets/portals/1/files/socio/LandUtilization2562.pdf
https://doi.org/10.5713/ajas.2004.473
http://nutrition.dld.go.th/nutrition/images/feedstuff/feed-table.pdf
http://nutrition.dld.go.th/nutrition/images/feedstuff/feed-table.pdf
https://doi.org/10.14202/vetworld.2021.649-655
http://farmdocdaily.illinois.edu/2016/07/impact-corn-soybean-meal-prices-swine-feed-cost.html
http://farmdocdaily.illinois.edu/2016/07/impact-corn-soybean-meal-prices-swine-feed-cost.html
http://farmdocdaily.illinois.edu/2016/07/impact-corn-soybean-meal-prices-swine-feed-cost.html
http://www.thaifeedmill.com/Portals/0/
http://www.thaifeedmill.com/Portals/0/
http://www.thaifeedmill.com/Portals/0/
http://www.thaifeedmill.com/Portals/0/
http://region5.dld.go.th/webnew/images/stories/2563/paper/6320105075.pdf
http://region5.dld.go.th/webnew/images/stories/2563/paper/6320105075.pdf
https://doi.org/10.1016/j.jtherbio.2020.102523
https://doi.org/10.1016/j.jtherbio.2020.102523
https://doi.org/10.1016/S2095-3119(19)62834-0
https://doi.org/10.1016/j.anifeedsci.2020.114635
https://doi.org/10.1016/j.theriogenology.2020.02.048
https://doi.org/10.1016/j.theriogenology.2020.02.048
https://doi.org/10.1016/j.biosystemseng.2020.03.013
https://doi.org/10.14202/vetworld.2016.260-268
https://doi.org/10.14202/vetworld.2016.260-268
https://doi.org/10.1016/j.livsci.2013.09.005
http://www.tmd.go.th
http://www.tmd.go.th
https://doi.org/10.14457/CU.the.2010.887
https://doi.org/10.3923/javaa.2010.2990.2995
https://doi.org/10.3923/javaa.2010.2990.2995
https://doi.org/10.1016/j.livsci.2009.04.006
https://doi.org/10.1016/S0301-6226(99)00124-4
https://doi.org/10.1016/S0301-6226(99)00124-4

[67]

[68]

[69]

[70]

[71]

http://bdvets.org/javar/

Suadsong S, Suwimonteerabutr ], Virakul P, Chanpongsang P,
Kunavongkrit A. Effect of improved cooling system on reproduc-
tion and lactation in dairy cows under tropical conditions. Asian-
Aust ] Anim Sci 2008; 21:555-60; https://doi.org/10.5713/
ajas.2008.70446

Miyoshi S, Pate JL, Palmquist DL. Effects of propylene glycol drench-
ing on energy balance, plasma glucose, plasma insulin, ovarian
function and conception in dairy cows. Anim Reprod Sci 2001;
68:29-43; https://doi.org/10.1016/S0378-4320(01)00137-3
Chankrachang A, Hongyantrachai K. Influence of negative
energy balance during postpartum on fertility in Thai-holstien
cows. National Academic Livestock Conference, 2013, May 2-4,
Nonthaburi, Thailand, 2013, pp 390-97.

Li XP, Tan Z, Jiao ], Long D, Zhou C, Yi K, et al. Supplementation with
fat-coated rumen-protected glucose during the transition period
enhances milk production and influences blood biochemical
parameters of liver function and inflammation in dairy cows. Anim
Feed Sci Technol 2019; 252:92-102; https://doi.org/10.1016/j.
anifeedsci.2019.04.010

Markantonatos X, Varga GA. Effects of monensin on glucose metab-
olism in transition dairy cows. ] Dairy Sci 2017; 100:9020-35;
https://doi.org/10.3168/jds.2016-12007

[72]

[73]

[74]

[75]

[76]

Triwutanon and Rukkwamsuk / J. Adv. Vet. Anim. Res., 8(3): 378-387, September 2021

Bicalho ML, Marques EC, Gilbert RO, Bicalho RC. The association
of plasma glucose, BHBA, and NEFA with postpartum uterine
diseases, fertility, and milk production of Holstein dairy cows.
Theriogenology 2017; 88:270-82; https://doi.org/10.1016/j.
theriogenology.2016.09.036

Seely CR, Bach KD, Barbano DM, McArt JAA. Effect of hyperke-
tonemia on the diurnal patterns of energy-related blood metabo-
lites in early-lactation dairy cows. ] Dairy Sci 2020; 104(1):818-25;
https://doi.org/10.3168/jds.2020-18930

Whitaker DA, Goodger W], Garcia M, Perera BMAO, Wittwer E
Use of metabolic profiles in dairy cattle in tropical and subtrop-
ical countries on small-holder dairy farms. Prev Vet Med 1999;
38:119-31; https://doi.org/10.1016/S0167-5877(98)00118-4
Macmillan K, Gobikrushanth M, Helguera IL, Behrouzi A, Colazo
MG. Relationships between early postpartum nutritional and met-
abolic profiles and subsequent reproductive performance of lac-
tating dairy cows. Theriogenology 2020; 151:52-7; https://doi.
org/10.1016/j.theriogenology.2020.03.034

Rukkwamsuk T, Rungruang S, Choothesa A, Wensing T. Effect
of propylene glycol on fatty liver development and hepatic fruc-
tose 1,6 bisphosphatase activity in periparturient dairy cows.
Livest Prod Sci 2005; 95:95-102; https://doi.org/10.1016/j.
livprodsci.2004.12.006

387


https://doi.org/10.5713/ajas.2008.70446
https://doi.org/10.5713/ajas.2008.70446
https://doi.org/10.1016/S0378-4320(01)00137-3
https://doi.org/10.1016/j.anifeedsci.2019.04.010
https://doi.org/10.1016/j.anifeedsci.2019.04.010
https://doi.org/10.3168/jds.2016-12007
https://doi.org/10.1016/j.theriogenology.2016.09.036
https://doi.org/10.1016/j.theriogenology.2016.09.036
https://doi.org/10.3168/jds.2020-18930
https://doi.org/10.1016/S0167-5877(98)00118-4
https://doi.org/10.1016/j.theriogenology.2020.03.034
https://doi.org/10.1016/j.theriogenology.2020.03.034
https://doi.org/10.1016/j.livprodsci.2004.12.006
https://doi.org/10.1016/j.livprodsci.2004.12.006

