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Introduction

Buffaloes inhabit and breed throughout Asia, Europe
and South America over a wide range of geographical,
environmental and agronomic settings and they are second
only to cows in their milk production globally (Eldahshan
et al., 2020). The greatest expense in dairy farming is feed,
which accounts for more than 70% of the total cost in developing
countries (Singh et al., 2003). It is more common for indigenous
buffaloes to grow slowly, delay puberty and produce less milk
due to inadequate protein consumption (Pasha, 2013; Habib
et al., 2020; Mohd Azmi et al., 2021). Nitrogen is one of the
main elements in the formulation of rations for ruminants,
resulting in greater attention being paid to excretion by
ruminants due to growing environmental concerns regarding
the nitrogen and phosphorus released (Islam et al., 2002).
Generally, excess dietary protein is not needed by ruminants
and it is converted into ammonia (Abbasi et al., 2018). It has
been established that the feed and feeding strategies in ruminant
animals may further significantly influence the microbial
population of the rumen (Huws et al., 2018) and the composition
of the ruminal gut microbiota is significantly associated with
feed efficiency (Guan et al., 2008; Carberry et al., 2012).
Bevans et al. (2005) reported that alterations in the structure
of the ruminant gut microbiota could substantially improve
the feed intake, efficiency and body weight gain of ruminants.
In addition, buffaloes can utilize feed more proficiently
where the feed is supplied in lower quantity or quality or
both (Chanthakhoun et al., 2012). Such feed efficiency can be
explained by the buffaloes having a different rumen microbial
ecology with a higher population of cellulolytic bacteria and
fungal zoospores, a lower protozoal population and a greater
capacity to recycle nitrogen to the rumen (Wanapat, 2000;
Wanapat and Cherdthong, 2009; Cherdthong et al., 2010;
Chanthakhoun et al., 2012). However, a good understanding of
the protein requirement for dairy buffaloes is essential to ensure
a proper supply of the assorted amino acid required for milk
production and cow maintenance while minimizing the costs,
and importantly, reducing unnecessary excretion of surplus
nitrogen by circumventing any overfeeding of protein (Mohd
Azmi et al., 2021). Better feeding and management could
improve buffalo fertility and ensure a high milk yield of good
quality (Qureshi et al., 2007; Delfino et al., 2021) and, likewise,
in dairy cows (Islam et al., 2020). The higher supply of crude
protein for dairy buffaloes in pasture over a sufficient period
improved the nutritional status of the milk yield (Hayashi
et al., 2005). The amount of milk protein could be increased

from 0.05% to 0.15% by manipulating the diet based on
the energy and protein contents (Santos, 2002). Increasing
the amount of dietary protein for a constant dietary energy
level had little effect on milk protein synthesis (Broderick,
2003). However, the abundance and effective use of nutrients
in the rumen is crucial for their effective use by the animal
host (Franzolin and Alves, 2010). Therefore, the promotion
of a suitable level of efficiency of nitrogen metabolism
by the animal via a healthy diet and the utilization of protein
and amino acids is an effective way to minimize nitrogen
losses while ensuring adequate levels to meet the actual
physiological requirements of the animal (Steinfeld
and Wassenaar, 2007).

Most small-scale buffalo farmers in tropical countries
like Bangladesh are not aware of the benefits of better animal
feeding; in general, farmers feed their animals with locally
available crop wastes, roughage and a tiny quantity of
concentrates (Rahman et al., 2019a, 2019b). Therefore, most
of the buffaloes typically yield less milk and farmers are not
aware of the potential from providing concentrate in the diet.
Despite this, a few farmers fed their animals a small amount
of concentrate feed without being aware of the specific crude
protein (CP) requirements. Accordingly, the current experiment
was designed to optimize the protein nutrition levels with the
least quantity of concentrate supply possible by considering
these factors. In addition, information is scanty regarding
the effect of feeding the buffaloes various dietary protein
levels particularly on the milk amino acid profiles. Therefore,
dose-response experiments, which have not been done
previously to the authors’ knowledge, are required to determine
the optimum protein supply of indigenous lactating buffaloes.
Thus, this study was undertaken to investigate the effect of
different protein levels in the diet of lactating buffaloes and to
evaluate the milk yield, components, amino acid composition
and blood metabolites.

Materials and Methods

Animals, feed types and management

The Buffalo Research Farm, Animal Production Research
Division, Bangladesh Livestock Research Institute, Savar,
Dhaka, Bangladesh, was the site of the experiment. Twelve,
lactating indigenous buffaloes aged 4 yr and having average
daily milk yields from 2.33 kg/d to 3.03 kg/d, and mean + SD
body weight (BW) of 390 = 10 kg were randomly assigned
to receive one of three CP levels (14.22%, 15.62% or 17.81%)
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in the concentrate mixture (Table 1) in a completely randomized
design experiment. The duration of the study was 100 d and
the first 10 d were assigned for adjustment. There were three
groups with four buffaloes in each. The buffaloes were kept
in individual pens where water and mineral blocks were
provided ad libitum. All buffaloes were supplied ad libitum
with Napier silage (fodder cut at age 35 d, chopped into
2-3 cm lengths, compacted in a concrete silo pit and stored
for 60 d), while additional concentrate was fed at 3.5 g/kg
of BW. All buffaloes were fed their allocated diets during
the period of the experiment, and concentrate was fed to
them in two equal amounts at 0700 hours and 1630 hours.
The daily dry matter intake (DMI) was determined by
weighing any residual Napier silage feed before the morning
feeding. The BW of each buffalo was measured at the beginning
and the end of each period of 30 d. The dried concentrate
mixture and Napier silage samples (offered and leftover)
were ground in a MAC® WILLEY grinder to pass through
a 1-mm sieve and pooled, with the proximate composition
of the samples determined using the method of Association
of Official Analytical Chemists (2005). All animals were
cared for during milk and blood sampling according to
the protocol of Animal Welfare and Experimentation
Ethics Committee, Bangladesh Livestock Research Institute,
Savar, Dhaka.

Feed TDN, ME, FCM and N efficiency calculation

Total digestible nutrient (TDN) was estimated according
to the following equations: TDN for silage (% dry matter
(DM)) = — 17.2649 + (1.2120 x %CP) + (0.8352 x %NFE)
+ (2.4637 x %EE) + (0.4475 x %CF); TDN for concentrate
(%DM) = 40.3227 + (0.5398 x %CP) + (0.4448 x %NFE) +
(1.4218 x %EE) — (0.7007 x %CF) as well as metabolizable
energy (ME) values were estimated according to Kearl
(1982); ME (MJ/kg DM) = [— 0.45 + (0.04453 x %TDN)]
x 4.184. Fat corrected milk (FCM) was measured using
software of Progressive Dairy Solutions. Inc. 120 S Sierra Ave,
Oakdale, CA 95361. N efficiency was calculated as nitrogen in
milk/nitrogen in CP according to Naveed-ul-Haque et al.
(2018).

Milk and blood analysis

Once a week, individual samples of milk were collected
from two successive milking events and used to analyze
milk components (total solids, solids-not-fat, fat, protein,
lactose, ash content). The milk compositional parameters
were analyzed using an automated milk analyzer (Lactoscan
SP, MILKOTONIC Ltd., Bulgaria). At intervals of 30 d,
blood samples (about 10 mL) were taken from the jugular

Table 1 Ingredients and chemical composition of concentrates and Napier silage (NS) by treatment

ltem Treatment

14.22% CP 15.62% CP 17.81% CP NS
Wheat bran (kg) 50.50 48.00 47.00 -
Soybean meal (kg) 1.00 6.00 10.00 -
Broken maize (kg) 45.50 43.00 40.00 -
DCP (kg) 2.00 2.00 2.00 -
Salt (kg) 1.00 1.00 1.00 -
Total (kg) 100.00 100.00 100.00 -
Chemical composition of
the diet (%)
TDN 69.68 69.74 69.70 51.03
DM 88.03 87.92 88.05 17.12
Cp 14.22 15.62 17.81 7.68
NDF 24.40 24.28 24.36 85.61
ADF 6.68 9.72 10.18 4533
Ash 5.07 4.73 5.79 10.22
ME (MJ/kg DM) 11.00 11.01 11.00 8.37

CP = crude protein; NS = Napier silage; DCP = di-calcium phosphate; TDN = total digestible nutrient; DM = dry matter; NDF = neutral detergent fiber;

ADF = acid detergent fiber; ME = metabolizable energy
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vein throughout the 90 d experimental period at 3 hr post
offering of the concentrate mixture in the morning.
Blood was collected into tubes containing 12 mg of
ethylenediaminetetraacetic acid and the plasma was separated
using centrifugation at 500xg at 4°C for 10 min and stored
at -20°C until analysis. Various blood biochemical parameters
were assessed using diagnostic kits (Span Diagnostics Ltd.,
Surat, India). The GOD-POD method was followed for glucose
(Ambade et al., 1998), the cresolphthalein complexone method
(Ranjan et al., 2012) for calcium, the modified Biuret and
BCG dye-binding method (Ranjan et al., 2012) for total
protein, albumin, globulin and the CHOD-PAP method
for total cholesterol (Deeg and Ziegenhorn, 1983).

Determination of milk amino acids

For the buffalo milk samples, the composition of the amino
acid (AA) was determined using the method of Rafiq et al.
(2016). A sample (1.5 mL) of milk was used as the starting
point for sample preparation. Following that, using 10 mL
of H,SO, (6 mol/L), milk samples were mixed thoroughly
and hydrolyzed in a sealed glass apparatus at 110°C for
24 hr under a constant nitrogen flow. After centrifugation,
the supernatant was moved to a 5 mL centrifuge tube and diluted
with 0.02 mol/L H,SO, to a final volume of 5 mL. Before
operating the amino acid analyzer (Model: L-8900 Amino
Acid Analyzer, Hitachi, Japan) for AA analysis, a 0.22 mm
syringe filter was used to filter the previous mixture.

Statistical analysis

The data were analyzed using one-way analysis of variance.
A general linear model for repeated measures procedure was
used to analyze the blood profile data, considering treatment
as the between-subjects main effect and sampling period as
the within-subject factor. The significance level was set at
p < 0.05. Duncan’s multiple range test was used to ascertain
the differences between means. All analyses were facilitated
by the SPSS statistical program version 17.0 (SPSS Inc.;
Chicago, IL, USA).

Result and Discussion
Feed intake, milk yield, and quality

Milk production and composition, dry matter intake
(DMI), feed and nitrogen efficiencies and body weight data
are provided in Table 2. The average DMI levels during
the 90 d experimental period were not significantly different.
This was supported by experiments on lactating buffaloes
where differing protein supplies had no impact on DMI (Bovera
et al., 2002; Bartocci et al., 2006; Terramoccia et al., 2012).
Actual herd management records have shown that the variation
in DMI of dairy cows in response to altered dietary protein or
AA supply varies with the experimental period (Naveed-ul-
Haque et al., 2018). It was possible that the length of treatment
in the current study was sufficient to expect complete DMI

Table 2 Effects of crude protein supplies on dry matter intake, milk yield, milk composition, feed and nitrogen efficiencies and body weight of the

lactating buffaloes

Item 14.22% CP 15.62% CP 17.81% CP p-value
DMI (kg/d) 12.0+0.33 12.240.56 12.120.68 0.44
N intake (g/d) 200+4.23¢ 209+5.33 216+6.87 0.01
Milk yield (kg/d) 3.47+1.020 3.82+0.74° 3.27+0.48° 0.02
FCM (kg/d) 5.66+1.05° 6.36£1.12° 5.40+1.220 0.03
Protein (%) 3.64+0.45 3.65+0.53 3.66+0.26 0.43
Fat (%) 7.34+1.87 7.55+0.92 7.46+0.95 030
Lactose (%) 5.20+0.73 5.22+0.41 5.23+1.00 0.57
MY:DMI 0.29+0.01 0.31+0.03 0.27+0.03 041
FCM:DMI 0.47+0.02 0.52+0.02 0.45+0.11 0.11
N efficiency 24.0+1.67° 20.1+1.830 19.042.08¢ 0.01
Body weight (kg) 398+3.45¢ 400+3.98° 405+2.49° 0.02

CP = crude protein; DMI = dry matter intake; MY = milk yield; FCM = fat corrected milk
Mean £ SD values in a row superscripted with different lowercase letters differ significantly (p < 0.05).
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responses. The total N intake increased linearly (p < 0.05)
which was in agreement with Naveed-ul-Haque et al. (2018).
The average daily milk production was 9.2% higher for
the 15.62% CP (3.82 kg) than for the 14.22% CP group
(3.47 kg) and 14.4% higher than for the 17.81% CP group
(3.27 kg) (p < 0.05). Milk yield increased in a quadratic
fashion with increasing CP supplies (p < 0.05). Increased
dietary CP supplies were predicted to increase milk production
in the current research. However, the results showed that the
protein nutrition increased milk yields quadratically, which was
in agreement with Naveed-ul-Haque et al. (2018). Additionally,
in a study on lactating buffaloes, increasing the dietary CP
levels from 9.3% to 12.2% (DM basis) increased the energy-
corrected milk yield by 7% (Campanile et al., 1998). Likewise,
several studies on lactating dairy cows have shown an increase
in milk yield by increasing the dietary protein supplies (Vérité
and Delaby, 2000; Brun-Lafleur et al., 2010). However,
when coupled with the high-energy diets, increasing protein
supplies had a higher impact on milk production (Brun-Lafleur
et al., 2010), suggesting that supplies of protein and energy
interact with each other. This effect has also been shown with
lactating buffaloes, whereas increasing the amount of dietary
CP to 17.90% from 15.50% enhanced milk production by 9%
(Bartocci and Terramoccia, 2010). However, there was no
effect of the treatments on the protein, fat or lactose contents
of the milk (p > 0.05). In this regard, Santillo et al. (2016)
reported that different dietary protein levels in dairy buffalo
had no effect on fat and lactose but did affect the protein
content of milk. Similarly, in the current study, there was no
significant effect on feed efficiency (fat-corrected milk/DMI).
Likewise, the dietary protein levels in the diets of growing
buffaloes had no significant effect on feed efficiency (Singh
et al., 2015). Increasing the dietary CP level linearly decreased
the dietary N efficiency for milk (p < 0.01). According to the
findings for lactating buffalo studies, the nitrogen efficiency
rate ranges from 18 to 20%, accordingly in our investigation
the rate averaged 21%, which is compatible with the findings
of Bartocci et al. (2006), Terramoccia et al. (2012), and
Naveed-ul-Haque et al. (2018). Nonetheless, in lactation,
the N responses of milking buffaloes were lower than those of
Holstein cows, which ranged from 26% to 28% (Recktenwald
etal., 2014). In contrast, there was an effect on the body weight
gain of buffaloes (p < 0.05) by changing the dietary protein
levels. A higher protein level was associated with a small
increase in body weight gain (p < 0.05), which was consistent
with Dung et al. (2013) and Naveed-ul-Haque et al. (2018).

Blood biochemical profile

The plasma urea N (PUN), glucose, protein, albumin, globulin,
calcium, and triglycerides levels increased progressively
with advancement of the lactation stage (p < 0.05) but there
was no significant difference in the dietary crude protein
levels except for PUN (p < 0.05), as shown in Table 3.
The PUN level increased linearly (p < 0.05) along with the rise
in various periodic intervals by feeding dietary crude protein.
Naveed-ul-Haque et al. (2018) and Singh et al. (2015) reported
more or less similar findings to the current investigation
regarding dietary protein supply. Additionally, Naveed-ul-
Haque et al. (2018) found a significant effect of increasing CP
levels on PUN but Singh et al. (2015) reported dietary protein
levels did not affect plasma metabolites. However, a higher
PUN level was observed following increased dietary CP,
perhaps because of the increased dietary N contents. Jordan et
al. (1983) used 23% and 12% CP in the diet of high-production
dairy cows and reported a 3.5 times higher PUN for a diet
containing 23% CP than for the diet having 12% CP. According
to Neglia et al. (2014) and Patra et al. (2020), ruminal NH;-N
concentrations increased from 0.8 mg/100 mL to 56.1 mg/100
mL when the dietary CP was elevated from 8% to 24%.
The surplus ammonia that forms in the reticulo-rumen is
absorbed eitherinthereticulo-rumen orthe lower gastrointestinal
tract, and then transported to the liver, where it is converted
into urea. However, a higher level of blood biochemical
profiles with the advancement of lactation trial was explained
by Ranjan et al. (2012) as a result of a positive energy balance
on account of better nourishment of the animals with advancing
stage of lactation. The lower N efficiencies in lactating
buffaloes compared to cows could be explained by the higher
PUN observed in the current investigation (22.22 mg/dL)
and supported by the investigation by Bartocci et al. (20006),
who reported 39 mg/dL compared to values in lactating cows
of 15.6 mg/dL (Roseler et al., 1993) and 24 mg/dL (Colmenero
and Broderick, 2006). In addition, with the N intake, PUN
increased linearly as was reported in experiments with lactating
dairy cows (Colmenero and Broderick, 2006), demonstrating
the ineffective use of dietary protein. Furthermore, Rafsanjanny
et al. (2019) reported a higher level (28 mg/dL) of blood urea
concentration in crossbred lactating cows. A similar pattern
was observed with the albumin concentration. Remarkably,
with the PUN observed in the current study (17.52-22.22
mg/dL), optimizing the protein nutrition for lactating buffaloes
provided useful information to improve N efficiency and to
formulate economic diets.
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Table 3 Blood biochemical profile of lactating buffaloes fed different level of crude protein

p-value
Item 14.22% CP 15.62% CP 17.81% CP -
Treatment Period

PUN (mg/dL)
0d 14.0+£2.56 15.6+2.78 18.2+3.11
30d 16.0£2.77 18.1+£2.98 20.0+2.12

0.03 0.01
60 d 19.0+3.00 21.3£3.13 24.1+3.39
90 d 21.1£2.56 24.842.53 26.6+2.50
Overall mean 17.5243.14¢ 19.95+3.98° 22.22+3.82¢
Glucose (mg/dL)
0d 49.01£1.15 49.32+1.12 50.93+1.79
30d 51.20+1.21 52.96+1.80 52.60+1.24

0.22 0.02
60d 52.11+1.32 53.55+1.59 53.11+1.55
90d 52.29+1.50 54.18+2.00 53.97+2.06
Overall mean 51.15+1.25 52.50+1.63 52.65+1.52
Protein (g/dL)
0d 7.55+0.031 8.92+0.11 8.63+0.64
30d 7.96+0.051 8.96+0.32 8.91+£0.91

0.42 0.00
60d 8.51£0.60 9.32+0.30 9.79+0.84
90d 9.10+0.42 9.76+0.45 10.12+0.27
Overall mean 8.28+0.67 9.24+0.40 9.36+0.70
Albumin (g/dL)
0d 2.79+0.21 2.60+0.45 2.60+0.20
30d 3.12+0.49 2.90+0.35 2.97+0.46

0.13 0.01
60d 3.70+0.28 3.21+0.32 3.18+0.52
90d 3.90+0.47 3.69+0.32 3.56+0.24
Overall mean 3.37+0.52 3.10+0.46 3.07+0.40
Globulin (g/dL)
0d 4.97+0.44 5.19+0.54 4.93+0.72
30d 5.22+0.44 5.93+0.48 5.33+£0.48

0.10 0.02
60d 5.91£0.51 6.13+0.64 6.00+0.34
90d 6.21£0.47 6.50+0.12 6.62+0.24
Overall mean 5.57+0.58 5.93+0.55 5.72+0.75
Calcium (mg/dL)
0d 5.00+£0.68 5.00+£0.46 4.96+0.98
30d 5.65£0.52 5.13£0.99 5.00+0.85

0.08 0.04
60d 5.95+0.52 6.50+0.19 6.55+0.52
90d 6.23£0.62 7.00+£0.92 7.26+0.71
Overall mean 5.70+0.53 5.92+1.00 5.94+1.15
TG (mg/dL)
0d 175+£3.21 176+1.89 178+1.93
30d 176+2.54 180+2.22 181£1.99
60d 177+0.98 180+2.30 182+1.48 0.89 0.56
90d 181+1.25 182+1.79 184+1.27
Overall mean 177.25+2.63 179.542.52 181.25+2.50

CP = crude protein; PUN = plasma urea nitrogen; TG = triglycerides. Mean = SD values in a row superscripted with different lowercase letters
differ significantly (p < 0.05).
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Milk amino acid profile

The quality of protein is largely determined by the amino
acid composition. Amino acids are the building blocks of
proteins and have a vital role in the human body (Wolfe et al.,
2016). The milk amino acid composition data are presented
in Table 4. There were no significant differences for the milk
amino acid composition in the three dietary groups of buffaloes.
Haque et al. (2012) stated that the dietary crude protein levels
did not affect the amino acid composition of buffalo milk.
In the current study, it was clear that each buffalo milk sample
was rich in essential amino acids and the dominant amino acids
were glutamic acid (0.98 g/100 g milk), followed by proline,
lysine, leucine and asparagine (Table 4). Rafiq et al. (2016) studied
amino acids profiling of milk from different animal species
and stated that among the non-essential amino acids, glutamic
acid was in the highest concentrations in both casein and whey
proteins. However, in the current investigation, the ratios of
essential and non-essential amino acids in response to the shift

in the dietary protein levels were a bit higher numerically in the
17.81% CP group. Lysine and threonine are the scarcest amino
acids in a wide range of protein resources; however, essential
being catabolic-sensitive and necessary for protein synthesis
(Rafiq et al., 2016). Notably, differences in amino acid profiles
in dietary proteins influence their utilization in the body. For
example, compared to soy protein, milk proteins elicited a greater
increase in branched-chain amino acids (BCAAs) concentrations
(26%) in peripheral tissues (Bos et al., 2000; Fouillet et al.,
2002). Furthermore, BCAAs play a significant role in weight
control by regulating glucose homeostasis and lipid metabolism
(Rafiq et al., 2016). Furthermore, sulfur-containing amino acids,
such as methionine and cysteine, boost the immune system via
intracellular glutathione conversion, functioning as antioxidants
(Hall et al., 2003). However, among different buffalo breeds,
the milk amino acid composition was significantly different
Zhou et al. (2018), though there has been a lack of scientific
evidence regarding the amino acid composition of buffalo
milk resulting from changing dietary protein levels.

Table 4 Amino acid composition of milk (g/100 g of milk) from indigenous lactating buffaloes

Amino acid type 14.22% CP 15.62% CP 17.81% CP p-value

Essential amino acid
Methionine 0.12+0.01 0.13+0.02 0.13+0.01 0.21
Valine 0.22+0.03 0.23+0.03 0.23+0.04 0.31
Lysine 0.45+0.04 0.45+0.02 0.45+0.02 0.50
Isoleucine 0.19+0.04 0.19+0.04 0.20+0.03 0.32
Phenylalanine 0.28+0.02 0.28+0.12 0.28+0.01 0.52
Leucine 0.39+0.10 0.40+0.05 0.40+0.02 0.13
Threonine 0.22+0.02 0.22+0.10 0.22+0.03 0.50

Non- Essential amino acid
Asparagine 0.36+0.03 0.36+0.01 0.36+0.01 0.31
Serine 0.25+0.05 0.24+0.05 0.24+0.05 0.49
Glutamic acid 0.96+0.12 0.98+0.11 0.99+0.12 0.31
Proline 0.51+0.01 0.51+0.03 0.51£0.11 0.39
Glycine 0.10+0.01 0.10+0.00 0.10+0.01 0.21
Alanine 0.16+0.04 0.16+0.03 0.16+0.03 0.11
Cysteine 0.02+0.01 0.02+0.00 0.02+0.00 0.17
Tyrosine 0.18+0.01 0.18+0.01 0.18+0.04 0.12
Histidine 0.12+0.03 0.12+0.01 0.12+0.03 0.15
Arginine 0.13+0.02 0.13+0.04 0.13+0.01 0.08
EAA 1.87+0.12 1.940.25 1.98+0.14 0.05
NEAA 2.79+0.01 2.8+0.17 2.81+0.23 0.05
TAA 4.66+0.55 4.7£0.52 4.79+0.48 0.05
EAA/NEAA (%) 67+1.56 68+1.12 70+1.83 0.51

CP = crude protein; EAA = essential amino acid; NEAA = non- essential amino acid; TAA = total amino acid.

Mean = SD values in a row superscripted with different lowercase letters differ significantly (p < 0.05).
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The current study inferred that supplementing concentrate
with 15.62% CP enhanced milk production and nitrogen
efficiency in indigenous lactating buffaloes, while having
no negative impact on DMI. The PUN also progressively
increased with the level of dietary CP, whereas other blood
metabolites and the amino acid composition of milk were not
significantly influenced. In this regard, a strategic supply of
CP can be recommended, especially for protein nutrition in
the diet of indigenous lactating buffaloes while incorporating
a limited supply of concentrate into the diet formulation.
The current study would be beneficial for dairy processing
industries to develop nutritional and functional milk-based
innovative products for vulnerable parts of the population
based on the buffalo milk amino acid profile. However,
more research is needed to determine the relationship between
the energy and protein levels in indigenous lactating buffaloes
in Bangladesh and elsewhere in the world.
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