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ORIGINAL ARTICLE

Negative energy balance (NEB) inevitably occurs in periparturient dairy cows. Its consequences are related to
reduced cows’ performances. Most studies concerning the NEB are performed in dairy cows of large-scale farms,
particularly raised under non-tropical climate. The current study aimed to investigate the changes in body condition
score, serum biochemical parameters, and liver triacylglycerol (TAG) accumulation in periparturient Holstein
Friesian dairy cows raised by a small-holder farm. In this regard, 10 healthy pregnant dairy cows in a small-holder
farm were recruited for the study. At 4 weeks before and 1, 2, 4, and 8 weeks after calving, blood samples were
collected for determination of glucose, non-esterified fatty acid (NEFA), β-hydroxybutyrate (BHBA), and insulinlike growth factor-I (IGF-I) concentrations. BCS was evaluated at 4 weeks before and 2 weeks after calving. Liver
samples were collected 4 weeks before and 2 weeks after calving to determine TAG concentration. Results revealed
that serum NEFA and liver TAG concentration were elevated postpartum. Serum BHBA concentrations increased
postpartum and the concentration indicated that dairy cows entered NEB condition as type I ketosis with a longer
period. Serum IGF-I concentrations and BCS did not differ between before and after calving. In conclusion, dairy
cows raised under small-holder tropical conditions suffered from serious NEB, though the cows had low milk
production, as compared with the commercial non-tropical condition.
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INTRODUCTION
Management of the periparturient period (3 weeks before and 3 weeks after calving) is the key strategy to determine
milk production efficiency throughout the lactation period. In this phase, dramatic changes in rumen ecology, nutrient
requirements, physiological events, and hormonal responses occur. The lipolysis process of adipose tissue is triggered
most obviously before calving, corresponding to alteration of energy balance and reduction of serum glucose.
Consequently, the elevation of serum non-esterified fatty acid (NEFA) and loss of body condition score (BCS) are
observed in cows (Rukkwamsuk et al., 1999; Macrae et al., 2019). Thereafter, NEFAs enter the liver, and are broken
down to acetyl-CoA before entering the citric acid cycle (CAC). In depletion of oxaloacetate in the CAC, acetyl-CoA is
converted to ketone bodies, entailing acetoacetate, acetone, and β-hydroxybutyrate (BHBA), or the NEFA is re-esterified
and accumulated within hepatocytes as triacylglycerol (TAG) so-called fatty liver (Rukkwamsuk et al., 1999). All
metabolic changes, including high serum NEFA, high serum BHBA, and increased liver TAG, have negative effects on
feed intake, milk production, reproductive performances, and health conditions (Raboisson et al., 2015; Garcia-Roche et
al., 2019). Apart from biochemical changes, decreased serum growth hormone concentrations and insulin-like growth
factor-I (IGF-I) impair mammary and reproductive functions (Duan and Xu, 2005; Murney et al., 2015).
Degrees and patterns of NEB responses of the cows are different across farms and geographical areas (Oetzel,
2007), leading to a bulk of studies in large-scale commercial farms, especially those under non-tropical climate. Various
factors affecting NEB condition include nutritional management, cows’ comfort, and heat stress condition. All of which
differed depending on farming types and environmental conditions (Whitaker et al., 1999). This study aimed to evaluate
changes in biochemical and hormonal parameters in relation to NEB in periparturient cows raised under a small-holder
farm in Thailand.
MATERIALS AND METHODS
Ethical approval
All procedures were approved by the Institutional Animal Care and Use Committee (ACKU62-VET-098) of
Kasetsart University, Thailand.
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Animal selection
The study was carried out at a small-holder dairy farm in Nakhon Pathom province, Thailand. The DMS latitude
longitude coordinates for Nakhon Pathom are 13°49'10.56"N, 100°2'39.37"E. In total, 10 healthy pregnant crossbred
Holstein Friesian cows were recruited into this study. The average lactation number was 3.67, BCS ranged from 2.5 to
3.5, and average milk production in the previous lactation was 11.63 kg/cow/day. All cows were kept in a free stall area
with free access to rice straw and water. The forage feeding was done twice a day with approximately 20 to 25 kg of
mixed fresh corn cob and corn husk per cow, and the commercial concentrate was offered only in the afternoon (2.00
p.m.) at the rate of 1 kg concentrate per 2 kg of milk yields.
Sample collections and records
The BCS was recorded 4 weeks before the expected calving date and 2 weeks after calving in a 1 to 5 scale system.
Milk yields were weighed weekly during the experimental period (from calving to 8 weeks after calving). The blood
samples of all cows were obtained by venipuncture from the coccygeal artery or vein 4 weeks before the expected
calving date and at 1, 2, 4, and 8 weeks after calving. Blood samples were left at room temperature for 30 min before
centrifuging at 1200xg for 10 minutes. Subsequently, serum samples were harvested and stored at -20°C until the
determination of the concentrations of glucose, BHBA, NEFA, and IGF-I. BCS and milk yields of all cows were
recorded during the time blood samples were obtained. Liver samples were collected by percutaneous biopsy technique
from all cows 4 weeks before the expected calving date and 2 weeks after calving. After collection, tissues were placed
on filter paper for removing any connective tissues and blood clots. Thereafter, liver samples were transferred to a glass
tube with physiological saline and kept in an icebox during transportation. The liver samples were weighed and stored at
-20°C until analysis of TAG concentration, triplicate analyses were performed.
Sample analyses
Serum concentrations of glucose (Glucose, Erba mannheim®, UK), BHBA (Ranbut, Randox Laboratories Ltd.,
UK), NEFA (NEFA, Randox Laboratories Ltd., UK), and IGF-I (human IGF-I, Mediagnost®, Germany) were measured
using the commercially available test kits as indicated. Liver concentrations of TAG were measured using the method
described previously by van den Top et al. (1994). Briefly, liver tissues were dissolved overnight with 0.5 ml of KOH
(20%) and then saponified with 1 ml of absolute ethanol. The reaction tubes were placed in a water bath at 37°C for 1 h.
One milliliter of MgSO4 (0.15 M) was added, followed by centrifugation at 1200×g for 10 min. Thereafter, supernatants
were removed and 0.5 ml of KOH (0.5 M) in absolute ethanol was added. The sediment and the remaining ethanol were
evaporated in a water bath at 100°C. Consequently, 2.0 ml of HCl (2 M) were added, and the tubes were placed in a
water bath at 100°C for 2 hours. Titration with NaOH (5 M) was done until pH of 7.0 was attained. TAG concentrations
in the supernatant were determined by a commercial kit (Triglyceride, Erba mannheim®, UK) and calculated into liver
TAG concentrations, which were expressed as mg of TAG per gram of liver wet weight).
Statistical analyses
During the experiment, one cow was suffered from a serious illness, resulting in sudden death; therefore, data of
these cows were excluded from the analyses. All data from the remaining 9 cows were analyzed for their normality using
the Shapiro-Wilk test. Normally distributed data including blood glucose, NEFA, and BHBA concentrations were
analyzed using sampling days as a repeated measure. Comparison of blood glucose, liver TAG, and serum IGF-1
concentrations between before and after calving were performed using paired t-test. Non-parametric analyses, where
appropriate, of repeated measures ANOVA and paired t-test, were performed using Friedman test and Mann-Whitney U
test, respectively. All analyses were conducted using the statistical software package STATA (version 13.0, Stata Corp.,
College Station, TX, USA).
RESULTS
General information of the studied cows (n = 9) is demonstrated in Table 1. The average BCS of cows before and after
calving did not differ (2.69 vs 2.69). For individual cow’s BCS, only 1 out of 9 (11.11%) cows lost BCS greater than 0.5
scores at 2 weeks postpartum, compared to 4 weeks prepartum. Average milk yields during the first 60 days of lactation
were 6.31±3.4 kg/cow/day. Serum glucose concentration did not differ across sampling periods (Figure 1). NEFA
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concentrations were significantly different between sampling periods (Figure 2). Average NEFA concentrations
dramatically increased after calving and gradually decreased during sampling periods. For BHBA, average
concentrations were 0.65±0.078, 1.40±0.56, 1.30±0.39, and 1.44±0.634 mmol/L at 4 weeks before the expected calving
date and at 1, 2, and 4 weeks after calving, respectively (Figure 3). When considered individually, the elevated serum
BHBA concentrations above the baseline value in cows were reported as 62.5, 60.0, 33.3, and 25.0% at 4 weeks before
the expected calving date, 1, 2, and 4 weeks after calving, respectively. Dairy cows in the experiment also demonstrated
the elevation of liver TAG concentrations postpartum. According to previous studies, the TAG concentrations in this
study did not reach moderate fatty liver conditions (Figure 4). Serum IGF-I concentrations before and after calving were
119.89±48.16 and 72.65±34.10 ng/ml, respectively (Figure 5). Regarding IGF-I concentrations, there was no difference
before and after calving periods.

Figure 1. Serum glucose concentrations at 4 weeks
before parturition and 1, 2, 4, and 8 weeks after
parturition in periparturient cows (n = 9)

Figure 4. Liver triglyceride concentrations at 4 weeks
before parturition and 2 weeks after parturition in
periparturient cows (n = 9)

Figure 2. Serum non-esterified fatty acid concentrations at
4 weeks before parturition and 1, 2, 4, and 8 weeks after
parturition in periparturient cows (n = 9)

Figure 5. Serum insulin-like growth factor I
concentrations prepartum and postpartum in
periparturient cows (n = 9)

Table 1. Average and standard deviation of lactation
number, prepartum body condition score (at 4 weeks),
postpartum body condition score (at 2 weeks), and milk
yield (during the first 60 days of lactation) of
periparturient cows (n = 9) during the experiment
Item

Figure 3. Serum β-hydroxybutyrate concentrations at 4
weeks before parturition and 1, 2, 4, and 8 weeks after
parturition in periparturient cows (n = 9, NA: Not
available)

Mean

SD

Lactation number

3.67

2.00

Prepartum BCS

2.69

0.17

Postpartum BCS

2.69

0.98

Milk yield (kg/day)

6.31

3.40

BCS: Body condition score, SD: Standard deviation.
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DISCUSSION
Due to the unavailability of milk production data at small-holder dairy farm levels, it was not possible to compare
average milk yields with previous milk yield records. However, dairy cows in the current study had far lower daily milk
production throughout the lactation period when compared with the average milk yield (12.18 kg/cow/day) of Thailand
(Aiumlamai, 2009). Average first 60-day milk yields were also lower than the previous average lactation milk yield of
the farm (6.31 vs 11.63 kg/day). In this case, milk production did not reach the peak of lactation during the first 60 days
in milk and this lactation yield tended to be lower than the previous lactation. The absence of the lactation peak and
decrease in production compared with the previous lactation indicated that cows might confront problems during the
periparturient period. In agreement with the BCS, the investigated cows had subtle changes of the BCS (prepartum vs
postpartum), possibly resulted from very low milk production. It should be noted that reduction of BCS postpartum is a
usual condition in dairy cows, and the cows who lose BCS greater than 0.5 scores postpartum are considered to face an
NEB problem (Mulligan et al., 2006).
Average glucose concentrations were not in the hypoglycemic stage (>40 mg/dL, Mair et al., 2016). All NEFA
concentrations in the current study were lower than a cut-off value for NEB condition (prepartum concentration <0.3
mmol/L, postpartum concentrations <0.7 mmol/L; McArt et al., 2013). Elevation of serum NEFA after calving, though
not reach the NEB stage, was also reported in small-holder dairy farms in one study (Rukkwamsuk, 2010), however, the
obtained results were inconsistent with the findings of a study conducted by Rukkwamsuk et al. (2006). In contrast to the
findings of the current study, both studies found that average NEFA concentrations reached the NEB stage before
calving (Rukkwamsuk et al., 2006; Rukkwamsuk, 2010). An increase in serum NEFA concentrations plus loss of BCS in
periparturient cows resulted from lipolysis. The degree of both changes in the present study was quite low, therefore,
lipolysis seemed to be limited.
Average BHBA concentrations indicated that cows were in the NEB stage throughout the sampling periods (normal
cow prepartum <0.6 mmol/L, postpartum <1.0 mmol/L; McArt et al., 2013). However, some cows showed serum BHBA
concentrations greater than 3.0 mmol/L, which could be considered as clinical ketosis stage. Average BHBA
concentrations in the tropical and sub-tropical areas were reported by Whitaker et al. (1999), and data from many
countries suggested that serum BHBA concentrations varied, concentrations were above the cut-off point of NEB in
some countries. Prepartum average BHBA concentrations in many countries were not greater than 0.9 (0.3-0.9) mmol/L
and 1.1 (0.4-1.1) mmol/L postpartum. In other studies, the percentages of cows with elevated BHBA concentrations
above normal condition in high producing commercial dairy farms in non-tropical climate were reported as 26 %
prepartum (>0.6 mmol/l, Chapinal et al., 2011); 31% (>1.0 mmol/l, Seifi et al., 2011), and 18-25% (>1.2 mmol/l, Ospina
et al., 2010; Chapinal et al., 2011; Seifi et al., 2011; Suthar et al., 2013) postpartum. In the present study, average serum
BHBA concentrations were higher than previous reports in a non-tropical climate with more milk production. These
findings might be due to other management factors, such as heat stress conditions.
Liver TAG could be classified into the mild, moderate, and severe fatty liver disease at the concentrations of 0-50,
50-100, and > 100 mg per g of liver wet weight (Jorritsma et al., 2001). Increased liver TAG was reported in postpartum
dairy cows in tropical areas (Rukkwamsuk et al., 2004) with non-indicated NEB from serum NEFA concentrations and
absence of BCS loss postpartum as mentioned above.
Hyperketonemia so-called ketosis from NEB in peripartum cows reviewed by Oetze (2007) indicated two
important types of ketosis. Type I ketosis is caused by feeding-inability to balance between nutrient intake and the
requirement of fresh cows. This condition is dominated by a high ketogenic rate, resulting in a high degree of
hyperketonemia around 3-4 weeks after calving, which is also related to the peak milk production period. The other type,
type II ketosis or fat cow’s syndrome is usually found 1-2 weeks after calving. High serum NEFA concentrations
indicate fat mobilization process, which is the key diagnosis in this type of ketosis, and serum BHBA concentrations
might not as high as type I ketosis. For dairy cows in the current study, elevations of serum NEFA and liver TAG
concentrations were found but concentrations were still within normal ranges. Therefore, only a low grade of lipolysis
occurred. Patterns of biochemical response to NEB were found with high serum BHBA concentrations during 1 to 4
weeks postpartum but there was no high degree of lipolysis process. Metabolic responses of the investigated cows were
similar to type I ketosis; however, the time of hyperketonemia was expanded from 2 to 3 weeks to months after calving.
A study conducted in a tropical area showed that dairy cows entered NEB condition immediately after calving 5-7 weeks
postpartum, and milk production reached the peak performance 3-4 weeks after calving (Suadsong, 2012). In the present
study, the cows might suffer from type I ketosis, however, it was not related to the time of peak milk production (3-4
weeks postpartum), failures to provide adequate nutrients or condition that could limit feed intake of the cows, which
would result in enhancing the prevalence of ketosis right after calving. With a low degree of liver TAG, the liver can still
metabolize NEFA into BHBA in response to energy demands. However, poor nutritional management could encourage
cows to experience NEB earlier than we could expect at the peak milk production period. Consequently, hyperketonemia
was demonstrated a month after calving in our experiment.
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There was a strong negative correlation between serum glucose and BHBA concentrations (González et al., 2011).
Decreased serum glucose concentrations at the hyperketonemia period were not found in our study, this might result
from other stress stimuli for example heat stress or failure of cow comfort management in a small-holder tropical dairy
farm (Mudro et al., 2005).
In mature animals, IGF-I was secreted mainly from the liver in response to growth hormone from the pituitary
gland (Velazquez et al., 2008). The current study showed higher IGF-I concentrations compared with other studies both
in tropical and non-tropical climate during prepartum (80-100 ng/ml, Kaewlamun, 2010) and postpartum (40-70 ng/ml,
Kaewlamun, 2010; 69-73 ng/ml Castigliego et al., 2009) periods. High-producing dairy cows are likely to suffer from
severe fatty liver disease, resulting in the impairment of liver function, including IGF-I and IGF-I binding protein
production (Fenwick et al., 2008). The tropical area also has a longer day period, cows exposed to the long light period
have higher serum IGF-I levels, compared to a shorter light period (Collier et al., 2008). This resulted in higher serum
IGF-I concentrations in the current study that was performed under tropical climate, compared to a temperate area with a
shorter day length.
CONCLUSION
Various biochemical responses, including elevated serum NEFA and increase liver TG accumulation were found but the
degree of change did not reach the clinical stage. Serum BHBA indicated periparturient cows raised in a small-holder
farm under tropical climate suffered from expanded type I ketosis 1-4 weeks postpartum. This study demonstrated that
even with low milk production, the NEB problem should not be overlooked in small-holder tropical dairy farms.
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