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Abstract

Pregnancy and lactation are physiological periods that result in an increased metabolic
demand that, if not satisfied, could provoke a threat to homeostasis. In this study changes in
the values of Non-Esterified Fatty Acids (NEFA) and 3-hydroxybutyrate (BHB), glucose,
insulin, thyroid hormones, milk composition and yield were investigated in buffaloes during
the late pregnancy and early lactation. From a total of 50 buffaloes, blood samples were col-
lected -7+5 days before expected calving; +7+5; +30+5 and +50+5 days post-partum; milk
samples were collected at the same post-partum time points. On serum samples, the values
of Non-Esterified Fatty Acids (NEFA), B-hydroxybutyrate (BHB), glucose, insulin, Triiodothy-
ronine (T3), Thyroxine (T4) and Thyroid-stimulating hormone (TSH) were evaluated. On
milk, fat %, protein %, lactose %, somatic cells score (SCS), milk yield and daily milk produc-
tion (DMP) were assessed. Peripartum period significantly influenced all studied parameters
(P<0.05). Milk constituents and productivity statistically changed throughout monitoring
period (P<0.005). Milk yield resulted positively correlated with insulin and TSH values, nega-
tively correlated with NEFA and BHB. Insulin was negatively correlated with lactose % and
positively correlated with SCS. The obtained results showed that the peripartum period and
lactation are accompanied by marked changes in some biochemical variables and in the
thyroid hormones values in Italian Mediterranean Buffaloes. Moreover, the relationship
found between TSH values and milk yield seems to suggest a possible role of thyroid gland
on the maintenance of lactogenesis. This study underlines the importance of monitoring the
hormonal status of buffalo during the transition period in order to understand when adjust-
ments of regulatory mechanisms break through physiological limits predisposing the buffalo
to metabolic problems.
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Introduction

Immediately before parturition as well as during the first stage of lactation, increased mam-
mary gland activity results in energy deficiency and increased lipomobilization from body
reserves [1].

Despite the action of homeostatic mechanisms to maintain blood parameters within physi-
ologic levels, changes in metabolites and hormones occur as a result of increased metabolic
demands during both pregnancy and lactation [1-2]. These changes are not necessarily indica-
tive of diseases but make pregnant animals physiologically unstable and more susceptible to a
number of metabolic diseases at this stage than during other life periods compromising pro-
ductivity [3]. Homeostasis control involves maintenance of physiological equilibrium or con-
stancy of environmental conditions within the animal. Homeostasis is the orchestrated or
coordinated control in metabolism of body tissues necessary to support a physiological state
[4]. Peripartum period represents a critical life phase in buffaloes as well [5-7], since have to
adjust metabolically to the increase in energy and nutrient requirements needed to ensure
milk production [4-6].

Many authors investigated the buffalo metabolic response to lactation [5-6,8-10] since buf-
faloes show a different pattern compared to other ruminants as demonstrated by the low inci-
dence of metabolic disorders [11]. Throughout the large literature on buffalo it is very difficult
to find some problems of ketosis, and in a study the f-hydroxybutyrate (BHB), decrease after
calving [8] or remain at low level [11]. However, some authors stated that, ketosis is still one of
the major diseases that lead to a decrease the milk production during lactation in buffaloes
[12].

Through the complex system of surveillance of metabolism it is possible to detect early
aberrations in metabolic pathways and, with appropriate instructions, to correct ongoing dis-
turbances [10,11,12]. The concentration of blood metabolites including Non-Esterified Fatty
Acids (NEFA) and B-hydroxybutyrate (BHB), glucose and insulin may provide some indica-
tion of metabolic status and can be useful as a herd monitoring tool [13-14]. It is well stated
that, adaptation of the endocrine system during the transition period is the key factor in main-
taining metabolic balance. The centre of animal physiology is the homeostasis of the glucose,
which involves primarily the somatotropine, insulin, glucagon and glucocorticoids with thy-
roid hormones being usually decreased after calving, with the aim to reduce tissue metabolism
in order to have a higher nutrient availability for mammary gland metabolism [15]. Thyroid
gland hormonal activity has an important role in the peripartum period for determining the
cell metabolism intensity, the metabolism of lipids and carbohydrates and lactation course, as
well [16]. Thyroid hormones modulate metabolism in ruminants in which carbohydrates and
lipids are the major constituents [16].

In view of such considerations, the aim of the study was to evaluate the dynamic changes in
the values of NEFA, BHB, glucose, insulin, TSH and thyroid hormones (T3, T4) in buffaloes
during the late pregnancy and early lactation. We also aimed to evaluate the relationship of the
considered blood metabolites and thyroid hormones with milk yield and composition.

Material and methods
Ethics statement

The protocol of this study was carried out according to the standards recommended by the
Guide for the Care and Use of Laboratory Animals and Directive 2010/63/EU.

The study was concurrently performed with the competent authority and the authorized
veterinarian during the official sanitary routine inspection to the farm. In Italy, the sanitary
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routine inspection of farm, including sampling of biological samples as blood or milk, don’t
require an authorization, or an ID, or protocol number.

Farm conditions and animals

A total of 50 multiparous Italian Mediterranean Buffaloes (Bubalus bubalis) with 114.5 + 8.00
months old and 540 + 55kg average body weight were randomly selected from a farm of 850

animals located in the Southern Italy (Corigliano Calabro, 39°36’ N 16°31’ E, 0 m.a.s/],
Cosenza). The average of milk production in 270 DIM of the buffaloes found in farm was

2827.45+654.60 kg per year with an average of 8.47% of milk-fat and 4.74% of milk protein.
All buffaloes had a dry period of 120 days in the farm. Total Mixed Ration (TMR) and the

chemical composition of diets used during dry period and subsequent early lactation period is

reported in Table 1. The composition of TMR was determined using near infrared reflectance

spectroscopy (FOSS, NIRS™ DS2500). Water was available ad libitum.

The farm was visited once a week with the authorized veterinarian during the official sani-
tary routine inspection to the farm and animals in proper stage were checked for their health

status and they were sampled.

Their health status was evaluated on the basis of rectal temperature, heart rate, respiratory
profile, appetite and fecal consistency. Twelve animals presented clinically manifested disease

Table 1. Feed chemical composition of Total Mixed Ratio (TMR) used for all animals during pre-partum and

post-partum period.

Feed basis (kg)
Dry Matter (DM) (kg)

Dry Matter Intake (DMI) (kg per animal)
Chemical Composition (% of DM)
Energy (UFL)

CP
PD
PDIN
PDIE
PDIA
UIP%DM
NDF
ADF
ADL
EE
ASH
ST
NSC
Ca
P

Dry Period

19.20
9.64
9.04

0.63
9.12
/
6.08
6.81
2.51
25.74
61.51
38.35
9.20
2.61
8.52
10.60
16.91
0.49
0.58

Lactation Period

23.20
17.66
17.40

0.94
15.40
9.40
1.55
9.76
4.83
22.21
34.83
21.60
3.85
5.44
7.22
22.16
34.88
0.80
0.40

UFL: Unite Fouragere Lait; CP: Crude protein; PD: protein digestible; PDIN: protein digested in the small intestine

when rumen-fermentable nitrogen is limiting; PDIE: protein digested in the small intestine when rumen-fermentable

energy is limiting; PDIA: dietary protein undegraded in the rumen but truly digestible in the small intestine; UTP%

DM: percentage of undegradable intake protein on dry matter; NDF: neutral detergent fiber; ADF: acid detergent
fiber; ADL: acid detergent lignin; EE: ether extract; ASH: Ashes; ST: Starch; NSC: non-structural carbohydrates; Ca:

calcium; P: phosphorus

https://doi.org/10.1371/journal.pone.0193803.t001
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in postpartum period (four retain placenta, three uterine prolapses, two metritis, two mastitis,
one milk fever); they were excluded from the study and and the data obtained from these ani-
mals were not considered for the subsequent statistical analysis. Therefore only the animals
considered clinically healthy were enrolled in the study. Each animal was kept under natural
photoperiod during winter season. The environmental temperature was 14+6°C.

According to Edmonson et al. [17], Body Condition Score (BCS) was evaluated on a scale
from 0 to 5 during pre-partum period (at -7+5 days before calving) and post-partum period
(+745; +30+5; +50+5days after calving).

Blood sampling and chemistry analysis

From each animal blood sampling was performed at 4 different time points: -7+5 days before
expected calving (-7+5 days pre-partum); +7+5 days; +30%5 days and +50+5 days after calving
(+7+5 days post-partum; +30x5 days post-partum; +50x5 days post-partum). Blood sampling
was performed early in the morning, before daily delivery of ration, by jugular venipuncture
into10 mL vacuum tubes without anticoagulant agent (BD Vacutainer Systems, Preanalytical
Solutions, Plymouth, UK).

Serum separation was carried out on field. The blood samples were allowed to clot for 30
min after blood sampling; afterwards the tubes were centrifuged at 1780g for 10 minutes. The
obtained serum was transported to the laboratory at 4°C and then stored at -18°C until analy-
sis. On serum samples, the concentration of Non-Esterified Fatty Acids (NEFA), B-hydroxybu-
tyrate (BHB), glucose, insulin, Triiodothyronine (T3), Thyroxine (T4) and Thyroid-
stimulating hormone (TSH) was assessed.

NEFA, BHB and glucose analysis were performed by BT1500 (Biotecnica Instruments S.p.
a., Rome, Italy): NEFA concentration was determined by a colorimetric method, NEFA RX
Monza test (kit no. FA 115, Randox, Crumlin, UK); BHB concentration was determined by
RANBUT RX Monza test (kit no. RB 1007, Randox, Crumlin, UK); Glucose concentration was
determined by Glucose Monoreagent, LR (Gesan S.r.l, Campobello di Mazara, Italy). Insulin
concentration was quantified with a commercial IMMULITE™ 1000 kit (Commercial Kit
INSULIN Siemens, Italy).

T3, T4, TSH concentrations in each sample were quantified with a commercial IMMU-
LITE™ 1000 kit (Siemens, Italy): IMMULITE 1000 TOTAL T3; IMMULITE 1000 TOTAL T4;
IMMULITE 1000 THIRD GENERATION TSH (TSH Reagent Wedge (LTS2), 7.5 mL alkaline
phosphatse (bovine calf intestine) conjugated to polyclonal goat anti-TSH).

Milk sampling and analysis

Daily milk production (DMP) was measured by means of a commercial milk meter Afimilk
MCP (Afifarm). In addition, the milk production in the considered postpartum time points (at
+7, at +30 and at +50 days post-partum) was calculated and named milk yield. For each animal
two milk samples were manually collected from each daily milking, one for the determination
of Somatic Cell Count (SCC) and the other one for milk composition, at 3 different after calv-
ing time points: +7+5, +30+5 and +50+5 days post-partum. Collection of mammary secretion
was performed aseptically according to National Mastitis Council guidelines [18]. The teat
ends were cleaned externally first with commercial pre-milking disinfectant solutions then
dried with individual towel and cleaned again with alcohol.

The first few streams of foremilk were rejected and a pool of 25 mL of milk from the quar-
ters was collected in sterile containers and preserved with sodium azide for assessing SCC with
a Fossomatic cell counter (Foss Electric, Hillerod, Denmark). Milk samples were stored at
2-6°C and cultured until 24 hours. The SCC obtained values were converted to SCS (Somatic
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Cell Score) by:
SCS = 3 +log2(SCC + 100)

where SCC were in units of cells per microliter [19].

For the determination of milk composition, milk samples were analyzed using a lacto-scan
(Milkotronic Analyzer, MCC, Nova Zagora, Bulgaria). The Net Energy Lactation(NE; ) repre-
sents the energy contained in the milk produced. The NE; concentration in milk is equivalent
to the sum of heats of combustion of individual milk component (fat %, protein % and lactose
%). Reported heats of combustion of milk fat, protein and lactose are 9.29, 5.71 and 3.95 Mcal/
kg, respectively. NE; concentration (Mcal/kg) in milk was calculated by the equation proposed
by Tyrrell and Reid [20]:

NE, = 0.0929 x (Fat + 0.0571) x (Crude protein + 0.0395) x Lactose

Statistical analysis

Data, expressed as mean values + standard deviation (+SD), were tested for normality using
the Shapiro-Wilk normality test. All data were normally distributed (P>0.05) and the statisti-
cal analysis was performed. One-way analysis of variance (ANOVA) for repeated measures
was used to determine a statistically significant effect of peripartum period on haematochem-
ical parameters, and in order to verify the effect of calving distance on productive parameters
and milk constituents. Bonferroni’s multiple comparison test was applied for post-hoc com-
parison. The Person test was performed in order to assess significant correlations between hae-
matochemical parameters and productive parameters and/or milk constituents. P value <0.05
was considered statistically significant. Statistical analysis was performed using the STATIS-
TICA 7 software package (Stat Software Inc., Tulsa, Oklahoma, USA).

Results

Statistical analysis showed a significant effect of peripartum period on the values of BCS
(P<0.05), NEFA (P<0.05), BHB (P<0.05), glucose (P<0.01), insulin (P<0.01), T3 (P<0.01),
T4 (P<0.01) and TSH (P<0.01). In particular, as showed in Fig 1, lower BCS values were
found at 50 days post-partum respect to 7 days pre-partum; higher NEFA and BHB levels were
found at 7 days post-partum respect to 50 days post-partum; lower glucose values were found at
7 days pre-partum respect to 7, 30 and 50 days post-partum, whereas insulin showed higher val-
ues at 50 days post-partum in comparison to 7 days pre-partum, 7days post-partum and 30 days
post-partum.

Fig 2 showed the trend of thyroid hormones values measured throughout the monitoring
period. A gradual decrease in T3 and T4 values was found throughout the post-partum period,
whereas THS showed an increasing trend with the highest values at 50 days post-partum.

Statistical effect of calving distance (P<0.005) was found on productive parameters and
milk constituents (Fig 3). Milk yield showed an increasing trend throughout the post-partum
period with the highest values at 50 days post-partum. DMP showed the lowest values at 7days
post-partum. Fat % was significantly lower at 30 days post-partum respect to 50 days post-
partum.

Pearson’s correlation results are reported in Table 2. The values of BHB and NEFA were
negatively correlated with milk yield. A positive correlation was found between insulin and
milk yield and SCS values, whereas it was negatively correlated with lactose % values. DMP
resulted negatively correlated with BHB, NEFA and milk fat%. Milk lactose % was negatively
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Fig 1. Means values (+SD) of Body Condition Score (BCS), Non Esterified Fatty Acids (NEFA), B-Hydroxuybutyrrate (BHB), glucose and insulin measured in
buffaloes during pre-partum (-7 days) and post-partum (+7, +30 and +50 days) periods.

https://doi.org/10.1371/journal.pone.0193803.9001

correlated with SCS, milk fat % and milk protein %. The values of milk fat % were negatively
correlated with NEFA, and positively correlated with milk protein %. A positive correlation
was found between TSH values and milk yield.

Discussion

Buffalo milk is nearly twice richer in fat compared to cow milk. The results obtained in this
study showed the highest DMP values and the lowest milk fat % at 30 d post-partum according
to the findings of previous studies carried out on buffalo species [10, 21]. According to Bertoni
etal. [22], in our study the protein % was stable during lactation with values similar to the ones
reported by Rosati and Van Vleck [21]. In agreement with the findings of a previous study car-
ried out on periparturient buffaloes [23], the results obtained in the present study showed
lower BCS values at post-partum respect to pre-partum time. This is common in early lactation,
probably due to the higher energy requirement for milk production and the consequent fat
mobilization and also because dietary energy does not depend only by concentration but also
on feed intake. NEFA and BHB levels showed opposite trends respect to BCS values. In partic-
ular, NEFA showed increased values 7 days post-partum suggesting that fat mobilization starts
with the beginning of lactation in buffalo in order to satisfy the high energetic requirements of
animals at the onset of lactation [24]. Afterwards, NEFA values showed a decreasing trend at
50 days post-partum. It is well known that the increase of NEFA concentration leads to the
increase of ketogenesis by hepatocytes [1, 15, 24]. In addition, the increase of ketones also
depends on the availability of glucose. In this study, no overproduction of BHB was recorded
and the values obtained from each animal throughout the monitoring period were within the
physiological range established for buffalo indicating an appropriate fat metabolism [25].
Although it has been stated that ketosis is still one of the major diseases that lead to a decrease
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Table 2. Significant Pearson’s correlation results found between milk and the other studied parameters. P values <0.05 were considered statistically significant.

NEFA BHB Insulin Glucose BCS TSH T3 T4
Milk yield r=-0.34 r=-0.36 r=+0.34 r=-0.03 r=-0.16 r=+0.28 r=-0.17 r=-0.19
P < 0.005 P < 0.005 P < 0.005 P=0.15 P=0.17 P <0.05 P=0.15 P=0.10

https://doi.org/10.1371/journal.pone.0193803.t002

the milk production during lactation in buffaloes [12], our results seems to suggest that peri-
partum buffaloes enrolled in the study did not susceptible to ketosis. This finding disagrees
with the results of Youssef et al. [12] showing that ketosis is still one of the major diseases that
lead to a decrease the milk production during lactation in buffaloes. The values of NEFA and
BHB were negatively correlated with milk yield throughout post-partum period. Together,
these findings seem to suggest that buffalo nutritive and energetic requirements were satisfied
during the lactation phase. The serum glucose values showed lower levels at pre-partum period
compared to post-partum time points suggesting a greater rate of gluconeogenesis after calving,
sufficient to cover the lactose synthesis [26]. The values of glucose remained stable throughout
the post-partum period. It has been showed that in the healthy dairy cows glucose is reduced
only after calving and not before because the glucose needs is very low at the stage of preg-
nancy [15]. The steady pattern of serum glucose concentration found in this study in post-par-
tum buffaloes may indicate lack of changes in the absolute rate of gluconeogenesis and
glycogenolysis. As described by Bertoni et al. [11], glucose is the only parameter among those
involved in energetic metabolism in buffaloes that is not affected by lactation; probably, this is
due to an efficient glucose homeostasis between insulin-dependent and insulin-independent
pathways during lactation. Lactation impairs both the capacity for lipogenesis in ruminant adi-
pose tissue and the ability of insulin to stimulate glucose uptake by adipose tissue and skeletal
muscle due to the lower sensitivity of adipose and muscle cells to insulin. Crucially for the par-
titioning of nutrient in ruminants and despite the presence of insulin receptors in the rumi-
nant placenta and mammary gland, glucose uptake by these tissues is not responsive to insulin
[27]. According to a previous research carried out on cows [28], in the present study the levels
of insulin were low at pre-partum and showed a slight increase starting from 7 days post-par-
tum reaching the highest values 50 days post-partum. Insulin secretion in ruminants is
increased by feeding. In ruminant, the effects of nutrients on insulin occur much later. The
insulin response to feeding is increased when animals are fed with a high-concentrate diet
[27]; however, the effect of high concentrate diet is at long term and very small in the early lac-
tation [27, 29]. In the present study buffaloes come from an intake in the dry period of 9 kg of
DM to reach an intake of 17.4 kg of DM during lactation; this passage needs time as digestive
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system, and in particular rumen, must adapt. When this is completed often in buffaloes energy
intake (NEL) is higher than NEL in milk, so insulin increase [29]. Insulin is recognized as
essential for the maintenance of normal lactogenesis although its exact mammary gland action
is difficult to distinguish from its general anabolic role [30]. In the present study, it has been
found a positive correlation between the values of insulin and milk yield, and between insulin
and SCS values; whereas insulin levels resulted negatively correlated with lactose %. The posi-
tive correlation found between insulin values and milk yield could be due to the increase of
glucose availability at blood level. Increased glucose availability is likely related to higher milk
yield as well as to higher insulin release.

Even the thyroid gland function has an important role in the transitional period for lacta-
tion course [31]. Our results confirm that the peripartum period is accompanied by marked
changes in circulating thyroid hormone profile in Italian Mediterranean Buffaloes as demon-
strated in cows [32]. In particular, higher T3 and T4 values were found at pre-partum com-
pared to post-partum period. TSH showed an opposite trend, since it increase from 7 days pre-
partum reaching the highest value at 50 day post-partum. Serum thyroid levels are, of course,
commonly used as an indication of tissue thyroid activity. However, in order to have biological
activity, T4 and T3 must cross the cellular membrane from the serum into the target cells. The
TSH act on thyroid gland, but the level of T3 is also affected by peripheral conversion of T4 to
T3 or to the reverse T3. Moreover, reduced T3 and T4 transport into the cells in peripheral tis-
sues are shown in a wide range of common conditions, including insulin resistance and physi-
ological stress. Physiological stress was associated with reduced tissue levels of T4 and T3
without a corresponding increase in TSH [33]. This could explain the higher serum levers of
these hormones found around calving known as a stress event for the animals [1,2]. Moreover,
the pituitary has different transporters of T3 and T4 respect to the other tissue in the body.
The thyroid transporters in the body are very energy dependent and are affected by numerous
conditions, including low energy states, stress conditions, whereas the pituitary remains unaf-
fected and is able to maintain intracellular T3 levels and, consequently, there is no increase of
TSH [33]. The values of TSH were positively correlated with milk yield suggesting a possible
role of thyroid gland on the start of lactogenesis; however, the action of thyroid gland on lacto-
genesis it is still to be clarified and confirmed by further studies in this field. The decreasing
trend of serum T3 and T4 values we found in post-partum period could reflect the reduced thy-
roid hormone secretion rate probably due to the increase of the number of receptors for these
hormones in the mammary gland [34]. At the beginning of lactopoiesis, in fact, there is an
increase in the number of T3 receptors in the mammary gland secretory cells during lactation
[34]; moreover, there is an actual secretion of T4 through the milk, which may represent
between 4% and 7% of the total required for the maintenance of metabolic functions [35]. In
addition, the decrease in T4 concentrations could yet be caused by the additional mammary
gland secretion of maternal iodine during lactation.

Conclusion

The results obtained in the present study showed that the peripartum period and lactation are
accompanied by changes in the levels of some metabolic parameters and of circulating thyroid
hormones in Italian Mediterranean Buffaloes; however, the dairy buffaloes seem to be not pre-
disposed to metabolic problems linked to energy metabolism. Since highest NEFA values were
found at 7 days post-partum before the achievement of the peak of DMP that occurred 30 days
post-partum, the increase of serum NEFA levels at critical points of the transition period could
highlight the importance of this parameter as indicator of energy balance in buffaloes as well.
However, since these changes are small respect to dairy cows, further studies on this field are
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needed to better understand the role of NEFA as indicator of energy balance. The relationship
found between TSH values and milk yield seems to suggest a possible role, although still
unclear, of thyroid gland on the maintenance of lactogenesis.

Our findings underline the importance of monitoring the hormonal status of buffalo during
the transition period in order to understand when adjustments of regulatory mechanisms
break through physiological limits predisposing the buffalo to metabolic problems.
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