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Abstract: The study was divided into 2 phases. During 1* phase, 20 pre-partum buffaloes were divided into two groups,
given -100 (high negative; HN) and -50 (low negative; LN) mEq/kg of dry matter (DM) diets. In the second phase, +200
(low positive; LP) and +400 (high positive; HP) mEqg/kg of DM diets were formulated for postpartum buffaloes. Buffaloes
that received LN DCAD were divided into 2 groups (LN-LP and LN-HP), and those that received HN DCAD were also
divided into 2 groups (HN-LP and HN-HP). In the first phase, the group fed the HN DCAD diet had significantly lesser
DM, nutrient intake, and urine pH (p<0.05) but higher ME intake and ADF digestibility. Also, higher serum phosphorus
levels (p<0.05), fewer cases of hypocalcemia and ketosis, and a relatively smaller decrease in body weight were
reported with the HN group. In the second phase, DM, organic matter, and NDF intakes were higher (p<0.05) in HN-HP
and LN-LP groups, whereas ME intake and nutrient digestibility were higher in HN-LP and LN-HP (p<0.05). Daily milk,
solid not fat (SNF), fat, protein, lactose yields, and plasma total protein, urea, and cholesterol concentrations were the
highest in the HN-HP group (p<0.05), but the highest fat content and fat yield were recorded in the HN-LP group
(p<0.05). Better efficiency of milk production and the lowest cases of hypocalcemia and ketosis were observed for both
groups. In conclusion, for transition buffaloes, the HN and LN DCAD (-100 and +200 mEq/kg of DM, respectively) diets

showed a beneficial impact.
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INTRODUCTION

The success of buffalo husbandry lies in ensuring
the proper and optimal reproductive rhythm of
individual animals in the herd, especially during the
transition period. During this period, buffaloes are
mostly susceptible to ketosis and parturient paresis,
which are still major diseases that lead to a decrease in
milk production during lactation [1]. For good
management during the transition period, the dietary
cation-anion  difference (DCAD) concept was
introduced to prevent the occurrence of major
metabolic diseases and for optimum nutrient utilization.
Its importance can be determined by the fact that it is
ranked 3" in homeostatic priorities [2]. It is represented
by the formula ([Na’] + [K']) — ([CIT + [S]) =
mEqg/100gm of DM.

Feeding negative DCAD during prepartum is
associated with compensated metabolic acidosis [3, 4].
This is evidenced by reduced plasma bicarbonate,
lower urinary pH, and higher urinary net acid excretion
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in dairy cattle, which was, in turn, successful in
preventing milk fever and other metabolic diseases. In
contrast, supplementing positive cations during
prepartum can result in metabolic alkalosis, reduced
tissue responsiveness to parathyroid hormone, and
reduced ability to mobilize calcium [5]. In the
postpartum period, the animal produces a lot of
metabolic acids. During early lactation, a high amount
of fat is mobilized, and respiration is increased, leading
to increased blood acid load. The cations act as a
buffer to compensate for high blood acid load,
especially in high milk-producing animals [6]. The
number of studies on buffaloes is very low. Therefore,
the present study is planned to examine the influence
of varying levels of negative or positive DCAD on the
performance of ftransition buffaloes concerning
metabolic health and nutrient intake.

MATERIAL AND METHODS

Ethics Procedures, Estimation of Cations and
Anions, and Diets

This experiment was approved by the Institutional
Animal Ethics Committee (IAEC) during the
proceedings of the 56" meeting of IEAC, GADVASU,
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held at Ludhiana on 12.12.2020. The present study
was conducted in the Department of Animal Nutrition,
Guru Angad Dev Veterinary and Animal Sciences
University, Ludhiana. The prepartum and postpartum
ration was formulated and balanced according to ICAR
[7], and the estimation of cations and anions in the total
mixed ration (TMR) was done by Punjab Biotechnology
Incubator (PBTI), Mohali. The ingredients and chemical
composition of the experimental total mixed ratio (TMR)
in pre- and postpartum periods are presented in Table
1.

Animals, Diets, and Experimental Design

In the study, 20 Murrah buffaloes, 4 weeks before
calving (prepartum), were used. The grouping of
animals was done following a completely randomized
block design. Three parameters were selected for the
grouping of animals, i.e., average body weight (630 vs.
670 kg), 1%, 2", and 3" lactation milk yield (1211.4 vs.
1217.5 kg), and parity (1st, 2nd, or 3rd). This was done
to avoid pre-experimental variation.

Table 1: Prepartum and Postpartum Ratio Composition

The study was carried out in two phases, the
prepartum and postpartum periods. During the
prepartum period, animals were randomly allocated to
two groups (each group having 10 buffaloes) fed
negative DCAD diets, i.e., low negative (LN) and others
fed high negative (HN). The DCAD of the LN and HN
diets had -50 and -100 mEqg/kg of DM, respectively,
adjusted using the equation: [(%Na/0.023 + %K/0.039)
- (%CI/0.0355 + %S/0.016)]. During the postpartum
period, the buffaloes fed on the HN and LN DCAD diet
in the prepartum period were separately allocated into
two positive DCAD diets (LP and HP). The DCAD of
the LP and HP diets had +200 and +400 mEq/kg of
DM, respectively, adjusted using the same equation.
Based on prepartum and postpartum feeding of anions
and cations at two levels, four groups (each group
having 5 buffaloes) were formed after calving (LN-LP,
LN-HP, HN-LP, and HN-HP) to know the cumulative
effect of all the four combinations of cations and
anions. Also, the effect of feeding cations at two
different levels (LN and HN group) was also assessed

Ingredients Chemical composition
Prepartum ration Parts (per 100 kg) Prepartum ration Parts (per 100 kg)
Maize 24 De-oiled rice bran 13
Bajra 5 Rice bran 10
Mustard cake 17 Wheat bran 10.1
Cotton seed meal 5 Mineral mixture 1.7
Soya meal 7 Salt 1
Guar Korma 3
Postpartum ration Parts (per 100 kg) Postpartum ration Parts (per 100 kg)
Maize 23 Yeast saccharide 0.15
Bajra 5 Bypass fat 1.5
Barley 8 Methionine 0.07
Mustard cake 13 Choline 0.5
Cotton meal 5 Lysine 0.15
Cotton seed 5 Toxin binder 0.15
Soya meal 10.5 Biotin 0.02
Full fat soya 3 Niacin 0.1
Guar Korma 5 Vitamin E 0.1
Rice bran 5 DCP 0.7
Wheat bran 5 DDG 0.5
Mineral mixture 1 Limestone powder 0.7
Salt 1.5 Urea 0.8
Soda bicarbonate 0.8

The roughage portion was made up of mixed silage and wheat straw in a 70:30 ratio.
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individually  without considering the prepartum
treatment. Such distinction was made to ascertain the
effect of just feeding positive cations on milking
animals. By doing this, we can verify the effect of
anions, cations, and a combination of anion-cation
mixture as well. The TMR was similar; only dietary
cation-anion levels were altered by adding ammonium
chloride (NH4CI) with a molecular weight of 53.5 and an
equivalent weight of 53.5, and disodium hydrogen
phosphate (Na,HPO,) with a molecular weight of was
used to achieve positive DCAD levels of the
postpartum diet. The calculated DCADs of TMR
samples obtained on different prenatal and postnatal
days and the amounts of NH,Cland Na,HPO, added to
reach the final or required DCAD level are presented in
Table 2.

Dry Matter Intake, Nutrient Intake, and Digestibility

A feeding trial of 90 days (30 for prepartum and 60
for postpartum) was conducted on 20 transition
buffaloes. Before the termination of the feeding trial, a
5-day digestion trial was conducted after a period of
adaptation of 3 days by direct method separately in
prepartum as well as after calving. For the digestion
trial, 5 animals from the prepartum and postpartum
groups were selected on the basis of previous criteria.
Samples of feed, feces, and orts were analyzed for
total ash, ether extract, N [8], and cell wall constituents

[9].

Blood, Urine, and Milk Analysis

Blood was collected on -25 and -10 days before
calving in prepartum animals and on +10 and +25 days
after calving in postpartum animals to monitor changes
in various blood parameters with different levels of
DCAD. A total of 11 blood parameters were analyzed,
which were glucose, cholesterol, total protein, albumin,
calcium, Serum Glutamic Pyruvic Transaminase
(SGPT), Serum Glutamic Oxaloacetic Transaminase
(SGOT), urea, creatinine, phosphorus, and non-
esterified fatty acids (NEFA). Plasma samples were
analyzed using Erba diagnostic kits in a semi-
autoanalyzer. NEFA was estimated using an ELISA
sandwich kit specific for quantitative detection of bovine
non-ester fatty acid (NEFA). Urine samples were also
collected on -25, -10 days, +10 and +25 days. It was
estimated using phenomena of hydrogen-ion activity in
water-based solutions by electric pH, indicating its
acidity or alkalinity expressed as pH. The chemical
composition of Murrah buffalo milk, i.e., fat (%), Solid
not fat (SNF), total protein, and lactose, was analyzed
by using the milk analyzer "Lactoscan LA” from
Milktronic Ltd, Bulgaria.

Daily Milk Yield Record

After successful calving, all the animals were milked
daily, and a record of the daily yield was kept. The
record for milk yield of 20 buffaloes was recorded daily

Table 2: Calculated (CDCAD) and Final Dietary Cation-Anion Difference (FDCAD) of Total Mixed Ration (TMR) on
Different Days before (DBP) and after (DFP) the Parturient and dose of Anionic (NH4CIl) and Cationic

(NazHPO4) Chemicals Added to TMR

Sample no. DBP CDCAD* NH.CI added to TMR FDCAD of TMR
1 -31 days +40.00 LN=58 g -50.34
HN=90 g -100.17
2 -25 days +32.00 LN=53 g -50.54
HN=85g -100.30
3 -10 days +38.76 LN=57g -50.02
HN=89 g -99.86

Sample no. DFP CDCAD Na,HPO, added to TMR FDCAD of TMR
5 0 day +140.94 LP=50g +199.64
HP=150g +317.04
6 +20 days +245.47 LP=10g +257.21
HP=132g +400.44
7 +40 days +236.09 LP=10g +247.83
HP=140g +400.45

*DCAD (meqrkg DM) = (%Na/0.023 + %K/0.039) — (%Cl/0.0355 + %S/0.016).
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for up to 60 days from the day of calving for each
animal.

Statistical Analysis

Data were analyzed by using SPSS [10] software
using ANOVA with interaction, as described by
Ridgman [11]. The experimental design used was a
completely randomized block design. One-way ANOVA
(LSD, Tukey's-b, and Duncan) was used for the
analysis of postpartum results (with 4 groups: LN-LP,
LN-HP, HN-LP, HN-HP). The independent t-test was
used for analyzing prepartum as well as postpartum
data (with two groups: LP & HP, LN & HN). The
analysis of mean differences was tested using
Duncan's multiple-range tests. The accepted level of
significance was p<0.05.

RESULTS

Dry Matter Intake, Nutrient Intake, and
Digestibility in the Prepartum Period

In the prepartum period, the dry matter intake (DMI),
nutrient intake, and digestibility of the LN and HN
DCAD diets are given in Table 3.

There was a significant difference in DMI, organic
matter (OM) intake, crude protein (CP) intake, ether

extract (EE) intake, and CP digestibility (p<0.05), which
was found to be the highest in the LN group during the
5-day digestion trial. However, acid detergent fiber
(ADF) digestibility and metabolic energy (ME) intake
were higher in the HN group (p<0.05).

Blood Parameters in the Prepartum Period

The average results of blood analysis of -50 (LN)
and -100 (HN) DCAD group collected on -25 and -10
days (before calving) are given in Table 4.

There was a significant difference in levels of
inorganic phosphorus, which was observed more in the
HN group compared to the LN group (p<0.05). Other
parameters were high in the HN group, except calcium
and NEFA, which were higher in the LN group, but the
results were not significant (p>0.05).

Urine pH and Body Weight in the Prepartum Period

Monitoring urine pH is an effective indicator of
extracellular fluid acid—base balance. The results of the
effect of negative DCAD on urine pH and body weight
recorded on -25 days and -10 days are given in Table
5.

There was a significant difference in average
urinary pH in the two groups fed different levels of

Table 3: The Nutrient Intake and Digestibility in Buffaloes Fed the Diets (LN and HN Diets) Used in the Prepartum

Period
Parameter LN HN SEM P-value
Nutrient intake, kg/d
DM 11.17° 9.72° 0.334 0.03
oM 10.00° 8.68° 0.310 0.03
CP 1.52° 1.29° 0.041 0.01
NDF 6.24 5.27 0.195 0.12
ADF 3.24 2.85 0.107 0.69
EE 0.27° 0.24° 0.006 0.03
ME* 1.56° 1.66" 0.031 0.04
Digestibility of Nutrients, %
DM 64.20 63.70 0.743 0.81
oM 67.76 66.86 1.288 0.64
CP 73.93° 69.68° 0.831 0.03
NDF 53.86 55.63 1.846 0.51
ADF 38.40° 45.74° 2.286 0.03
EE 77.90 76.17 0.671 0.54

2PMeans with different superscripts within a row differ significantly (P<0.05).
*ME unit= MJ/kg DMI.
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Table 4: The Blood Parameters in Buffaloes Fed Diets (LN and HN Diets) Used in the Prepartum Period

Parameters LN HN SEM P-value
Glucose (mg/dl) 62.75 68.13 1.975 0.75
Cholesterol (mg/dl) 80.21 87.86 5.990 0.30
Total Protein (g/dl) 5.04 5.57 0.276 0.10
Albumin (g/dl) 1.87 2.04 0.135 0.92
Calcium (mg/dl) 13.32 9.94 1.477 0.12
SGPT (IUL) 29.78 26.93 2.237 0.18
SGOT (IU/L) 112.09 112.09 6.626 0.37
Urea (mg/dl) 33.33 32.90 1.963 0.42
Creatinine (mg/dl) 2.41 227 0.141 0.23
Phosphorus (mg/dl) 4.20° 5.98" 0.571 0.04
NEFA (mEg/L) 0.31 0.30 1.956 1.00

2PMeans with different superscripts within a row differ significantly (P<0.05).

Table 5: The Urine pH and Body Weight in Buffaloes Fed the Diets (LN and HN Diets) Used in the Prepartum

Period
Parameters LN HN SEM P-value
Urine pH
-25 days 7.73° 7.02° 0.108 0.03
-10 days 7.39° 6.95° 0.136 0.03
Average 7.56° 6.99° 0.121 0.02
Body Weight (kg)
-25 days 628.00 639.50 23.945 0.52
-10 days 607.00 622.90 21.944 0.72
Change -21.00 -16.60 - -
Calf Weight 32.20 30.60 1.420 0.32

2PMeans with different superscripts within a row differ significantly (P<0.05).

negative DCAD diets. It was observed that the group
fed HN DCAD had lesser urine pH compared to LN
DCAD. Both the negative DCAD groups had normal
calving with timely expulsion of the placenta with no
significant difference in calf weight. In a part of this
study where the Body conditions score (BCS) was
evaluated based on the 7 skeletal checkpoints method
by Anitha et al. [12], the results were satisfactory and
within range. The BCS of both groups was found to be
in the range of 4.025 — 4.037, which was optimum
according to their stage [13].

Incidences of Milk Fever and Hypocalcemia in the
Prepartum Period

The results of probable cases of hypocalcemia or
milk fever as per serum calcium and phosphorus levels
are given in Table 6.

Table 6: Cases

of Hypocalcemia/Milk

Fever in

Buffaloes Fed the Diets (LN and HN Diets)

Used in the Prepartum Period

Negative DCAD

Cases with Ca <7.5

Cases with P

mg/dl <2mg/dIl
LN 2 4
HN 3 1

The blood parameter analysis done on -25 and -10
days of calving revealed that none of the buffalo in any
group had serum calcium level <5.92 mg/dl.

Incidence of Ketosis in the Prepartum Period

Probable cases of ketosis as per serum NEFA
(mEg/L) and glucose (mg/dl) levels are given in Table

7.
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Table 7: Cases of Ketosis in Buffaloes Fed the Diets
(LN and HN Diets) Used in the Prepartum
Period

Negative DCAD NEFA >0.3 mEq/L Glucose <55 mg/di

LN 3 2
HN 1 0

It was observed that 30% of the buffaloes fed LN
DCAD level had serum NEFA concentration of more
than 0.3 mEq/l. On the other hand, buffaloes fed HN
DCAD had only one case (10%) of serum NEFA
concentration above 0.3 mEqg/l.

Dry Matter Intake, Nutrient Intake, and
Digestibility in the Postpartum Period

The DMI, nutrient intake, and digestibility of the
diets (LN-LP, LN-HP, HN-LP, and HN-HP diets) used in
the postpartum period are given in Table 8.

There was a significant difference in the nutrient
intake and digestibility among the four groups, with the
highest nutrient intake in the HN-HP group and variable
digestibility during the 5-day digestion trial. The highest
level of DMI and OMI was observed in the HN-HP and
LN-LP groups, respectively, and ME intake was highest
for the HN-LP and LN-HP groups, respectively

(p<0.05). Dry matter digestibility was highest in the LN-
HP group, and CP% was highest in HN-LP and LN-HP.
However, there was no significant difference in nutrient
intake during the whole trial.

Blood Parameters in the Postpartum Period

The relative effect of varying levels of DCAD fed to
four groups of transition buffaloes on various blood
parameters is given in Table 9.

It was observed that total protein, urea, and
cholesterol varied significantly among groups (p<0.05)
found highest in the HN-HP group (i.e., animals that
were fed HN during prepartum and HP during
postpartum). Other parameters like glucose, albumin,
SGOT, and phosphorus were found to differ non-
significantly (p>0.05), but the highest values were
found in HN-HP, whereas calcium was found highest in
group LN-LP, i.e., animals that were fed LN during
prepartum and LP during postpartum.

Urine pH and Body Weight in the Postpartum
Period

The results of the relative effect of varying levels of
DCAD on urine pH and body weight recorded on +10
and + 25 days are given in Table 10.

Table 8: The Nutrient Intake and Digestibility in Buffaloes Fed Varying Levels of Cations and Anions in Diets (LN,

HN in Prepartum and LP, HP in Postpartum)

Parameter LN-LP LN-HP HN-LP HN-HP SEM P-value

Nutrient intake, kg/d
DM 13.16° 11.86 11.49° 13.92° 0.160 0.01
oM 12.04° 10.44° 10.09° 12.68° 0.151 0.01
cP 1.90 1.92 1.83 1.90 0.248 0.15
NDF 7.80° 6.85° 6.50° 8.40° 0.111 0.02
ADF 3.64° 5.89° 5.66° 3.96° 0.124 0.03
EE 0.36 0.40 0.41 0.56 0.050 0.40
ME* 0.90° 1.05° 1.09° 0.86° 0.110 0.02

Digestibility of Nutrients, %
DM 63.68% 65.21° 60.43° 61.40% 0.559 0.03
oM 67.20 67.25 62.02 64.04 0.706 0.05
cP 73.32° 78.90° 78.00° 70.44° 0.693 0.02
NDF 58.96 59.38 53.37 55.96 0.914 0.15
ADF 41.00° 57.45° 58.33" 32.52° 2.01 0.01
EE 77.48%° 79.27%* 81.03° 74.76° 0.733 0.02

2PMeans with different superscripts within a row differ significantly (P<0.05).
*ME unit= MJ/kg DMI.
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Table 9: The Blood Parameters of Buffaloes Fed Varying Levels of Cations and Anions in Diets (LN, HN in

Prepartum and LP, HP in Postpartum)

Parameters LN-LP LN-HP HN-LP HN-HP SEM P-value
Glucose (mg/dl) 64.01 65.18 66.44 71.80 1.325 0.16
Cholesterol (mg/dl) 69.98° 71.06° 84.83% 98.17° 3.889 0.03
Albumin (g/dl) 2.62 2.04 275 3.10 0.188 0.25
Total protein (g/dl) 4.96% 4.013° 4.57° 6.10° 0.233 0.01
Calcium (mg/dl) 15.25 12.17 12.42 10.09 0.720 0.09
SGPT (IUL) 35.61 32.86 31.97 34.65 1.586 0.85
SGOT (IU/L) 138.50 122.02 133.90 142.89 3.820 0.25
Urea (mg/dl) 43.68" 30.07° 32.53% 46.89° 1.970 0.03
Creatinine (mg/dl) 224 225 2.09 242 0.076 0.49
Phosphorus (mg/dl) 5.39 413 2.89 7.07 0.604 0.08
NEFA (mEg/L) 0.27 0.25 0.24 0.28 0.025 0.20

2PMeans with different superscripts within a row differ significantly (P<0.05).

Table 10: The Urine pH and Body Weight in Buffaloes Fed Varying Levels of Cations and Anions in Diets (LN, HN in

Prepartum and LP, HP in Postpartum)

Parameters LN-LP LN-HP HN-LP HN-HP SEM P-value
Urine pH 8.31 8.14 7.99 8.17 0.062 0.35
Body Weight (kg) 573.50 586.50 558.50 554.50 12.38 0.80

It was observed that urine pH and body weight were
less significantly different between groups (p>0.05).
However, the lowest urine pH was reported in the HN-
LP group.

Milk  Production and
Postpartum Period

Composition in the

Results of daily milk yield and composition as
affected by varying levels of DCAD on milk yield and

milk composition of a transition buffalo were recorded
during the period of 8 weeks. The average effect of
varying levels of DCAD on milk yield and milk
composition of lactating buffaloes is given in Table 11,
and the change in the trend of weekly milk yield is
given in Figure 1.

There was a significant difference in daily milk yield,
fat %, fat yield, protein, protein yield, and various other
components of milk (p<0.05) except lactose% and

Table 11: The Milk Yield and Milk Composition of Buffaloes Fed Varying Levels of Cations and Anions in Diets (LN,

HN in Prepartum and LP, HP in Postpartum)

Parameters LN-LP LN-HP HN-LP HN-HP SEM P-value
Daily milk yield (kg) 9.00° 10.06° 9.87° 10.37° 0.092 0.01
Fat Yield (kg) 0.71° 0.71° 0.79° 0.78° 0.007 0.01
SNF Yield (kg) 0.92° 1.02° 1.01° 1.04° 0.009 0.01
Protein Yield (kg) 0.34° 0.37° 0.37° 0.38° 0.003 0.01
Lactose Yield (kg) 0.51° 0.57° 0.56" 0.58° 0.005 0.01
Fat % 7.98° 7.22° 8.02° 7.45% 0.029 0.01
SNF % 10.27 10.18 10.24 10.18 0.013 0.08
Protein % 3.81° 3.76° 3.80° 3.79° 0.004 0.01
Lactose % 573 5.75 5.76 572 0.005 0.20
Density % 34.54° 34.07° 34.33° 33.93° 0.036 0.01
Milk kg/kg DMI 0.64° 0.68% 0.71° 0.71° 0.007 0.01

*The figures with different superscripts in a row differ significantly (P<0.05).
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Figure 1: Weekly milk yield as influenced by varying levels of DCAD.

m [N-LP
LN-HP
== HN-HP

a) Sub-clinical hypocalcemia

= LN-LP
LN-HP
= HN-LP
HN-HP

b) Clinical hypocalcemia

Figure 2: Prevalence of a) subclinical and b) clinical hypocalcemia in buffaloes fed varying levels of cations and anions in

diets (LN, HN in prepartum and LP, HP in postpartum).

SNF%. The highest milk yield, SNF yield, protein yield,
and lactose yield were recorded in group HN-HP, but
the highest fat%, fat yield, and lactose yield were
recorded in the HN-LP group. Better efficiency of milk
production was observed with both groups (HN-HP and
HN-LP).

Incidence of Milk Fever and Hypocalcaemia in the
Postpartum Period

The result of the relative effect of DCAD on blood
Ca and P status and preventing DCAD is given in
Figure 2.

From the results, it can be concluded that the HN-
LP diet, i.e., HN DCAD during prepartum and LP during
postpartum is effective in preventing hypocalcemia as
well as sub-clinical hypocalcemia.

Incidence of Ketosis in the Postpartum Period

It was observed that minimum cases of ketosis/fatty
liver were reported in two groups, i.e., LN-HP and HN-
LP, shown in Figure 3.

It was observed that minimum cases of ketosis/fatty
liver were reported in two groups, i.e., LN-HP and HN-
LP.
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Figure 3: Prevalence of ketosis in buffaloes fed varying
levels of cations and anions in diets (LN, HN in prepartum
and LP, HP in postpartum).
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Table 12: Nutrient Intake and Digestibility of Nutrients in Buffaloes Fed Diets (LP and HP) in Postpartum Period

Digestion Trial

Parameter LP HP SEM P-value
Nutrient intake, kg/d
DM 12.68° 13.33° 0.215 0.04
oM 11.48 12.04 0.205 0.06
CP 1.96 2.00 0.001 0.15
NDF 7.42° 7.95° 0.148 0.01
ADF 4.21 4.51 0.158 0.22
EE 0.37 0.51 0.072 0.16
ME intake (MJ/kg DMI) 0.96 0.92 0.017 0.13
Digestibility of Nutrients, %
DM 62.75 62.48 0.795 0.81
oM 65.72 64.95 0.958 0.59
CP 74.66 72.86 0.915 0.19
NDF 57.36 56.93 1.297 0.81
ADF 45.95 39.64 2.752 0.11
EE 78.49 76.04 1.011 0.09

2PMeans with different superscripts within a row differ significantly (P<0.05).

Dry Matter, Nutrient Intake, and Digestibility in the
Postpartum Period (Irrespective of Prepartum
Treatment)

Results of average DMI and nutrient intake
recorded during the 5-day digestion trial in postpartum
animals given LP and HP DCAD diets without
considering them are given separately in Table 12.

The perusal of data revealed that during the 5-day
digestion trial, the dry matter intake (DMI) and NDF
intake were higher in the HP group compared to the LP
group. The difference in nutrient intake between the
two groups was also significant. However, when the

data of the whole postpartum period was compared for
the two groups, there was no significant difference in
the nutrient intake and digestibility.

Blood Parameters in the Postpartum Period
(Irrespective of Prepartum Treatment)

The average results of blood analysis done in the
LP and HP group collected on +10 and +25 days (after
calving) are given in Table 13.

There was a significant difference in blood calcium,
total protein, and phosphorus levels between the two
groups (p<0.05). The highest blood calcium was

Table 13: The Blood Parameters of Buffaloes Fed Diets (LP and HP) in the Postpartum Period

Parameters LP HP SEM P-value
Glucose (mg/dl) 65.23 69.69 1.771 0.48
Cholesterol (mg/dl) 77.40 91.73 5.280 0.34
Total Protein (g/dl) 4.76° 5.63° 0.281 0.21
Albumin (g/dl) 2.68 2.98 0.271 0.43
Calcium (mg/dl 13.83° 10.17° 0.897 0.04
SGPT (IUL) 33.79 33.89 2.167 0.22
SGOT (IU/L) 136.23 136.00 5.109 0.83
Urea (mg/dl) 38.11 41.73 2.544 0.72
Creatinine (mg/dl) 2.16 2.40 0.073 0.12
Phosphorus (mg/dl) 4.14° 7.48° 0.825 0.32
NEFA (mEg/L) 0.26 0.28 0.987 0.89

2PMeans with different superscripts within a row differ significantly (P<0.05).
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Table 14: The Urine pH and Body Weight of Buffaloes Fed Diets (LP and HP) in the Postpartum Period

Parameters LP HP | SEM P-value

Urine pH

+10 days 7.97 7.92 0.908 0.83

+25 days 8.33 8.38 0.088 0.83

Average 8.15 8.15 0.089 0.96
Body Weight (kg)

+10 days 574.5 579.0 23.12 0.56

+25 days 557.5 562.0 21.10 0.23

Change -17.00 -17.00 - -

2PMeans with different superscripts within a row differ significantly (P<0.05).

reported in the group fed LP TMR, whereas the highest
concentration of total protein and phosphorus was
found in the group fed HP TMR.

Urine pH and Body Weight in the Postpartum
Period (Irrespective of Prepartum Treatment)

The results of feeding positive DCAD on urine pH
and body weight are given in Table 14.

It was found that urine pH increased linearly with an
increase in DCAD compared to levels observed with
negative DCAD feeding, but the difference was

reported to be non-significant between groups
(p>0.05).
Milk Production and Composition in the

Postpartum Period (Irrespective of Prepartum
Treatment)

Results of average milk yield and composition
recorded as affected daily by LP and HP DCAD levels
are given in Table 15 and Figure 4.

There was a significant difference in daily milk yield
and various components of milk fat between the two
groups fed different levels of cations. Daily milk yield,
protein yield, SNF yield, and lactose yield are
significantly higher in the HP group as compared to the
LP group (p<0.05) with little difference in fat yield. The
trend of weekly milk yield as influenced by two levels of
positive DCADs is given in Figure 5.

Incidence of Milk Fever and Hypocalcaemia in the
Postpartum Period (Irrespective of Prepartum
Treatment)

The probable cases of sub-clinical hypocalcemia as
per serum calcium and phosphorus levels are given in
Table 16.

They revealed that animals fed HP TMR had no
case of hypocalcemia or milk fever compared to LP
TMR, but sub-clinical hypocalcemia was reported
higher in HP TMR than LP TMR. However, phosphorus
levels varied less significantly.

Table 15: The Milk Yield and Composition of Buffaloes Fed Diets (LP and HP) in the Postpartum Period

Parameters LP HP SEM P-value
Daily Milk Yield (kg) 9.42° 10.19° 0.093 0.01
Fat % 8.01° 7.33° 0.029 0.01
SNF % 10.28" 10.19° 0.013 0.01
Protein % 3.79° 3.75° 0.004 0.01
Lactose % 5.74° 571° 0.005 0.04
Fat Yield (kg) 0.75 0.75 0.007 0.87
SNF Yield (kg) 0.96° 1.03° 0.009 0.01
Protein Yield (kg) 0.35° 0.38° 0.003 0.01
Lactose Yield (kg) 0.54° 0.58° 0.005 0.01
Density 34.46" 34.02° 0.036 0.01
Milk kg/kg DMI 0.71 0.73 0.006 0.06
ME intake MJ/kg milk 1.16 1.08 0.005 0.15

2P The figures with different superscripts in a row differ significantly (P<0.05).
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Figure 5: Effect of positive DCAD on weekly milk yield (LP and HP group).
Table 16: Cases of Hypocalcemia/Milk Fever of Buffaloes Fed Diets (LP and HP) in the Postpartum Period
Positive DCAD Cases with Ca <8.6 mg/di Cases with Ca <7.2 mg/di Cases with P <2 mg/dIl
LP 2 1 4
HP 5 0 3

Table 17: Cases of Ketosis of Buffaloes Fed Diets (LP and HP) in the Postpartum Period

Positive DCAD NEFA >0.7 mEq/L Glucose <55 mg/di

LP 0 3

HP 1 1
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Incidence of Ketosis in the Postpartum Period
(Irrespective of Prepartum Treatment)

The effect of a postpartum-positive DCAD diet on
the incidence of ketosis is given in Table 17.

It was observed that no case of higher plasma
NEFA concentration was reported for the group-fed LP
TMR, and only one case was reported for the group-fed
HP TMR. Although, few cases were reported with low
glucose levels, which may be indicative of low energy
reserves.

DISCUSSION

Nutrient Digestibility

The reason for low intake with the HN diet might be
due to unpalatability and slight metabolic acidosis
caused by anionic salt supplementation. Anionic salts
decrease the feed intake when added in higher
quantities. Shahzad et al. [14], EI-Mashed et al. [15],
and Martins et al. [16] reported similar results. In our
previous experiment of this study, an in vitro
digestibility trial [17] was conducted before the animal
trial to analyze the effect of adding anions on in vitro
rumen fermentation patterns and degradability. It was
found that HN DCAD had better in vitro degradability
and other parameters compared to LN and the control
group [18].

On the other hand, it was found that the positive
DCAD increased DMI as they are more palatable
(compared to anions) and helped in overcoming
negative energy. We also observed no deleterious
effect of cations in our in vitro experiment [18]. The
significant difference in DMI| and nutrient intake
between the four groups highlighted the fact that giving
different levels of anions and cations can alter the
feeding behavior in buffaloes.

Blood Parameters

The level of phosphorus is important in preventing
and diagnosing milk fever in buffaloes, but calcium is
important in cattle. In the present study, buffaloes that
were fed high negative salt in prepartum had better
plasma phosphorus levels than the group that was fed
low anionic levels. It was also found that all the
parameters except calcium and NEFA were high in the
group fed HN TMR, unlike cattle in which serum
parameters decreased with an increase in anion
concentration. The levels of SGPT and SGOT are
elevated in buffaloes with parturient paresis, which was

observed for the group fed higher cation levels during
postpartum. Shahzad ef al. [19], Leno et al. [20], and
Melendez et al. [21] observed similar results. In the
current study, a high level of phosphorus was
contributed by the type of salt used in the postpartum
study, i.e., Disodium hydrogen phosphate.

Urine pH and Body Weight

The anions are responsible for achieving optimum
urine pH in prepartum buffaloes, associated with
calcium mobilization caused by mild metabolic acidosis
[14, 22]. The kidney can efficiently eliminate excess
anions from the blood; thus, the addition of anionic
salts induces a sharp reduction in urinary pH [23, 24].
After calving, the urine pH increased linearly when the
level of disodium hydrogen phosphate was increased.
Hu et al. [25], Shahzad et al. [2], and Apper Bossard et
al. (2010) [26] also observed similar results.

Milk Yield and Composition

The group that was fed higher levels of cations and
anions had higher milk and milk component yield,
which was reported in previous studies [20, 27, 28].
However, some studies showed no effect of varying
levels of DCAD on milk yield [22, 23, 25]. If only two
levels of cations were compared, results of daily milk
yield, protein yield, SNF yield, and lactose yield were
higher in the HP group as compared to the LP group.
Shahzad et al. [14] and lwaniuk et al. [29] reported
similar results. Other levels of cations and anions can
be explored to determine their effect on milk yield and
its composition.

Hypocalcaemia and Milk Fever

Calcium falls below 7.5 mg/dl, and phosphorus
decreases to less than 2 mg/dl in hypocalcemia [30]. In
our study group, fed HN DCAD levels in the prepartum
period were effective in preventing hypocalcemia or
milk fever compared to TMR with LN DCAD levels. A
similar result was reported by Seifi et al. [22], Shahzad
et al. [14], and Martinez et al. [30]. If early postpartum
blood serum Ca is less than 8.6 mg/dl, it is considered
subclinical hypocalcemia and is recognized as
unacceptable periparturient health disorder [4]. The
reason for less calcium level with a high positive DCAD
diet can be the state of pseudo-hypo-parathyroidism
caused by metabolic alkalosis in dairy cows. In our
study, the HN-HP group had maximum cases of
subclinical hypocalcemia, and no cases were reported
for the HN-LP group.
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Ketosis and Fatty Liver

Ketosis and fatty liver are characterized by
increased plasma levels of NEFA, ketone body
concentration (>35 mg/dL), and low plasma glucose
(<55 mg/dl) [21]. Normal NEFA levels in dairy bovine
are <0.3 mEqg/L during 3 weeks to 3 days before
calving and <0.7 mEq/L for fresh cows. The feeding of
cations and anions is directly associated with the
palatability of the feed; as anions decrease palatability,
and cations increase it, thus increasing the feed intake
as well. However, the relation between altering DCAD
in the diet and its effect on blood NEFA levels and
glucose levels is still unclear. More research is needed
in this area. In previous studies, a decrease in the
incidence of ketosis has been reported with the use of
a negative DCAD (anionic) diet in the prepartum period
[21, 28].

CONCLUSIONS

The varying levels of DCAD had many positive
effects on the health and performance of transition
buffaloes. The results of the present study indicated
that in the first phase (prepartum) of the study, -100
mEg/kg of DM (HN) DCAD level was better for the
prepartum stage (90 g/head/day of ammonium
chloride) and in the second phase (postpartum) +200
mEqg/kg of DM (LP) DCAD level is better in postpartum
stage (12 g/head/day of disodium hydrogen phosphate)
for buffaloes in many aspects. However, more research
is required with respect to the dose of cations and
anions given in the diet. The rumen microbial profile
can also be explored for a better understanding of the
interaction between rumen fauna and DCAD.
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