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Buffalo milk has an important role in human nutrition
in India, where buffaloes are the major dairy animals with
a population of about 109 million (19th Livestock Census
2012). In national total milk production of 155.5 million
tonnes (year 2015–16), buffaloes contribute more than 55%.
There are thirteen recognised buffaloes breeds in the country
and Bhadawari is one of them famous for high milk fat
content. Average standard lactation milk yield of Bhadawari
buffaloes is around 1500 kg. Average fat, SNF, protein and
lactose in Bhadawari buffaloes milk recorded were 8.26,
9.57, 4.05 and 5.23%, respectively (ICAR-IGFRI Annual
Report 2015–16). Milk composition and quality are
important characteristics that determine the nutritive value
and consumer preference. Normally milk fat contains about
65% saturated, 30% monosaturated and 5% polyunsaturated
fatty acids. Saturated fatty acids are associated with
cholesterol and heart disease. Poly unsaturated fatty acids
such as omega 3 and omega 6 and mono unsaturated fatty
acids are considered to be good for human health. Whether
saturated fatty acid is a risk factor for heart diseases is a
question with numerous controversial views. World Health
Organization advises that saturated fat is a risk factor for
heart diseases and recommend dietary limits on saturated
fats as one means of reducing that risk (WHO 2003).
However, Mente et al. (2009) reported that despite the
contribution of dairy product to the saturated fatty acids
intake of the diet, there was no clear evidence that dairy
food consumption is consistently associated with higher risk
of cardiovascular disease. Several other studies (Chowdhury
2014, Siri-Tarino 2010) have opined that saturated fat was
not associated with risk of cardiovascular diseases. The milk
fatty acids composition depends on several factors such as
species, breed and genetic variation, stage of lactation,
health and nutrition etc. To our knowledge probably no
information is available on the fatty acid profile of

Bhadawari buffalo’s milk. Hence the present work was
undertaken to study the milk fatty acid composition of the
Bhadawarti buffaloes known for their high milk fat content.

The study was carried out at Indian Grassland and Fodder
Research Institute, Jhansi, Uttar Pradesh, where a herd of
Bhadawari buffaloes is being maintained under Network
Project on Buffalo Improvement. The milk samples were
collected from lactating buffaloes of nearly same body
weight (around 400 kg). Animals were maintained under
uniform management conditions. All the buffaloes were stall
fed and had access to green fodder ad lib. while concentrate
mixture was provided at the rate of 1 kg/2 kg of milk
production as recommended by Ranjhan (1994) for lactating
buffaloes under tropical conditions. The ration was offered
twice daily in equally divided doses, while clean drinking
water was made available ad lib. During the month when
milk samples were collected for fatty acid analysis,
buffaloes were offered wheat straw, berseem/oat and
concentrate mixture (barely, mustard cake and wheat bran
in equal proportion along with common salt and mineral
mixture at the rate of 1 kg each for 100 kg of concentrate).
Milk samples for fatty acid profile estimation were collected
from 10 multiparous lactating buffaloes during the month
of January. At sampling time, average days of lactation were
81 days ranging from 20 to 126 days. Fat was separated
from each of the milk samples collected. Milk fat samples
were analysed for milk fatty acid profile at CSIR-Central
Food Technological Research Institute, Mysore, India, using
AOCS Official Method 1998, Ce1–62 and Ce2–66.

Twenty–two fatty acids of different saturation levels
were detected in Bhadawari milk (Table 1), where 13 were
saturated (SFA) and 9 were unsaturated fatty acids (USFA).
The milk contained 77.3% saturated fatty acids (SFA),
21.54% monounsaturated fatty acids (MUFA), 1.1% poly
unsaturated fatty acids (PUFA) and 1.4% unidentified
(Table 2). The quantity of saturated fatty acids in Bhadawari
buffaloes was comparatively higher than those reported by
Qureshi et al. (2015) in Nili ravi buffaloes (70.41%),
Varricchio et al. (2007) in Mediterranean buffaloes (64.78
to 66.34%), Fernandes et al. (2007) in Brazillian Murrah
buffaloes (55.6 to 62.6%) and Mihaylova and Peeva (2007)
in Bulgarian Murrah buffaloes (64.92 to 77.60%). These
differences could be due to difference in breed, feeding and
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management, lactation stage, geographical locality and
environment etc.

The five most important saturated fatty acids (SFA) in
quantitative terms were palmictic acid (32.94), myristic acid
(18.06), oleic acid (15.01), stearic acid (10.96) and lauric
acid 3.78), which accounted for more than 80% of SFA’s.
Saturated fatty acids (SFAs) had the highest concentration
(mean 77.3 g/100g) of the total milk fatty acids and ranged
from 68.10 g/100 g to 83.20 g/100 g. Within SFAs the
highest level was of C16:0- palmictic acid (32.94 g/100 g)
followed by C14:0-myristic acid (18.06 g/100 g) and C18:0-
stearic acid (10.96 g/100 g). The sum of three
hypercholestremic FAs (HCFAs-C12:0, C14:0 and C16:0)
was 54.78 g/100 g. The myristic acid (C14:0) has critical
role in human health as it involve in increase HDL and
LDL (German 1999). It has beneficial effects through
increased reverse cholesterol transport. The HDL act as

antioxidant and prevents oxidation of LDL which protect
against certain microbe infection (German and Dillard
2004). The average concentration of unsaturated fatty acids
(UFAs) was 22.61 varying from 15.30 to 30.70 g/100 g. In
UFAs the highest concentration was of C18:1-oleic acid
(15.01 g/100 g) which varied between 9.5 to 21.5 g/100g.
In total milk fatty acids, average concentrations of mono-
unsaturated and poly-unsaturated fatty acids were 21.51 and
1.1 g /100 g, respectively. Average concentration of short
chain fatty acids (SCFAs: C4:0, C:6:0), medium chain fatty
acids (MCFAs: C8:0, C10:0, C12:0), and long chain fatty
acids (LCFAs: C16:0, C18:0, C16:1, C18:2) were 3.84, 7.76
and 45.77 g/100 g respectively. The short chain fatty acids
have a neutral or cholesterol decreasing effect (Mihaylova
and Peeva 2007). The high content of medium chain fatty
acids are usually considered as beneficial for human health
as they are more easily absorbed and metabolized (Elagba
and Ayman 2016).

The concentration of SFAs and UFAs in the present study
were closely related with the findings of Mihaylova and
Peeva (2007) in Bulgarian Murrah Buffaloes where the
SFAs varied from 64.92 to 77.60%, UFAs varied from 19.56
to 31.42%; and Qureshi et al. (2015) in Pakistan dairy
buffaloes where the SFAs varied from 64.96 to 78.83, UFAs
varied from 21.17 to 21.59 g/100g. Comparatively lower
saturated fatty acids (64.78–66.34%) and higher unsaturated
fatty acids (MUFA 25.63–27.86%, PUFA 3.45–5.11%) were
reported by Varricchio et al. (2007) in Mediterranean
buffaloes than the Bhadawari. The ratio of USFA/SFA is a
good indicator of the nutritional quality of milk

Table 1. Fatty acid profile (%) of Bhadawari buffaloes milk

Fatty acid Isomer Type Min Max Average SE

Butyric acid 4:0 Saturated 0.9 3.3 1.94 0.28
Caproic acid 6:0 Saturated 1.0 3.1 1.90 0.24
Caprylic acid 8:0 Saturated 0.7 1.9 1.27 0.14
Capric acid 10:0 Saturated 1.5 4.1 2.71 0.30
Lauric acid 12:0 Saturated 2.1 6.0 3.78 0.43
Myristic acid 14:0 Saturated 10.5 24.7 18.06 1.75
Myristoleic acid 14:1 Monounsaturated 0.9 2.0 1.43 0.10
Pentadecanoic acid 15:0 Saturated 1.1 1.8 1.49 0.08
Pentadecenoic acid 15:1 Monounsaturated 0.3 0.4 0.36 0.18
Palmictic acid 16:0 Saturated 28.3 39.5 32.94 1.11
Palmitoleic acid 16.:1 Monounsaturated 0.9 1.4 1.07 0.06
Heptadecanoic acid 17:0 Saturated 0.3 0.7 0.43 0.03
Heptadecenoic acid 17:1 Monounsaturated 0.3 0.7 0.54 0.05
Stearic acid 18:0 Saturated 6.8 19.4 10.96 1.31
Trans isomer (18:1) 18:1t Monounsaturated 1.1 4.2 2.32 0.34
Oleic acid 18:1 Monounsaturated 9.5 21.5 15.01 1.45
Linoleic acid 18:2 Polyunsaturated 0.6 1.2 0.80 0.06
Linolenic acid 18:3 Polyunsaturated 0.2 0.4 0.30 0.04
Arachidic acid 20:0 Saturated 0.3 0.8 0.58 0.10
Eicosanoic acid 20:0 Saturated 0.2 1.1 0.60 0.11
Behenic acid 22:0 Saturated 0.4 0.8 0.64 0.08
Erucic acid 22:1 Monounsaturated 0.4 1.2 0.78 0.15
Unidentified 0.9 1.7 1.40 0.08
Saturated fatty acid SFAs’ 68.10 83.20 77.3 1.85
Unsaturated fatty acids UFAs’ 15.30 30.70 22.61 1.88

Table 2. Concentration of fatty acids groups (% by weight) in
Bhadawari milk

Fatty acid group Average %

Saturated fatty acids (SFA) 77.30
Unsaturated fatty acids (USFA) 22.61
MUFA 21.51
PUFA 1.1
USFA/SFA 0.29
N-6 (Omega 6) 0.8
N-3 (Omega 3) 0.3
N-3/N-6 0.37
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(Konuspayeva et al. 2008). In the present study, the ratio
of 0.29 was comparable with 0.30 and 0.32 recorded for
cow’s and goat’s milk, respectively (Cardak et al. 2003).
Comparatively higher USFA/SFA ratio (0.48 to 0.57) was
reported in camel’s milk by Elagba and Ayman (2016).
Omega-6 and Omega-3 are called as essential fatty acid,
which are essential for good health. These fatty acids are
not synthesized in the body hence they must come from the
food we eat. Average concentration of omega-6 (Linoleic
acid) and omega-3 (Linolenic acid) were 0.80 and 0.30%,
respectively. Varricchio et al. (2007) reported comparatively
higher omega-6 (1.97 to 2.91%) and omega-3 (0.96 to
1.38%) in Mediterranean buffaloes than those observed in
the present study.

The results demonstrate that the milk fatty acid profile
of Bhadawari buffaloes is comparable with other buffalo
breeds. However, a detailed study is required to understand
the feeding management and lactation stage effect on milk
fatty acid composition.

SUMMARY

In present study, milk fat samples from ten multiparous
lactating Bhadawari buffalo’s of average 81 days lactation
(between 20–126 days) were evaluated for fatty acid profile.
The buffaloes were offered wheat straw-sorghum-
concentrate mixture diet to meet their production
requirement. In milk fat, twenty two fatty acids were
detected which consisted of 13 saturated (SFA) and 9
unsaturated fatty acids (USFA). The milk fat contained
77.3% SFA, 21.54% monounsaturated fatty acids (MUFA),
1.1% poly unsaturated fatty acids (PUFA) and 1.4%
unidentified. Palmictic acid (32.94), myristic acid (18.06),
oleic acid (15.01), stearic acid (10.96) and lauric acid
(3.78%) were the main acids and constituted more than 80%
of SFA. Among SFAs, the highest concentration was of
C16:0- palmictic acid (32.94) followed by C14:0-myristic
acid (18.06) and C18:0-stearic acid (10.96 g/100 g). The
sum of three hypercholestremic FAs (HCFAs - C12:0, C14:0
and C16:0) was 54.78 g/100 g. Among UFAs the highest
concentration was of C18:1- oleic acid (15.01 g/100 g)
which varied between 9.5 to 21.5 g/100g. Average
concentration of short chain fatty acids (SCFAs: C4:0,
C:6:0), medium chain fatty acids (MCFAs: C8:0, C10:0,
C12:0), and long chain fatty acids (LCFAs: C16:0, C18:0,
C16:1, C18:2) were 3.84, 7.76 and 45.77 g/100 g,
respectively. Average concentration of omega-6 (Linoleic
acid) and omega-3 (Linolenic acid) were 0.80 and 0.30%,
respectively. Results indicated that milk fatty acid
composition of Bhadawari buffaloes is comparable to other
buffalo breeds.
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Handbook  of Integrated Pest ManagementHandbook  of Integrated Pest ManagementHandbook  of Integrated Pest ManagementHandbook  of Integrated Pest ManagementHandbook  of Integrated Pest Management.....     2018. Dr C. Chattopadhyay et
al. Indian Council of Agricultural Research, KAB-I, Pusa, New Delhi 110 012. 16.5
c m ×
25.5 cm. pp. i-x+1-768. ` 1,500/- ISBN : 978-81-7164-179-6.

To reverse the loss of environmental resources and also to reduce biodiversity
loss, the Government of India has Integrated Pest Management (IPM) as part of the
National Agricultural Policy. Integrated Pest Management emphasizes the growth of
a health crop with the least possible disruption to agro-ecosystems and encourages
natural pest control mechanisms. IPM is not new – mechanical, cultural and
biological tactics were used by farmers for hundreds of years before chemical
pesticides became available. Besides, there are IPM techniques that have been
developed more recently and are effective in suppressing pests without adversely
affecting the environment.

The task of spreading the message of IPM across is tough due to poor awareness
about the subject among people in line-departments as also among the farmers.
The information on integrated pest management as a whole is scattered. This
Handbook comprehensively deals with all the aspects of integrated pest management
in field crops, horticultural crops under traditional, protected systems. Information
on basic strategies and tactics of different methods of management including mass
production of biocontrol agents, IPM policy and pesticide registration is provided in comprehensive form.

The Handbook of Integrated Pest Management comprises 82 chapters which are well written in lucid language
with crispy sentences by the renowned scientists. The role of IPM is elucidated with different pests like Trichogramma,
Bacillus thuringiensis, Nomuraea rileyi etc. and agricultural crops like rice, wheat, maize, sorghum, pearl millet,
pulses, soybean, rapeseed mustard, groundnut, minor-oilseed crops, sugarcane, cotton, jute and mesta, potato,
vegetable crops, fruits, grapes, citrus, banana, pomegranate, coconut etc. This Handbook will provide information
of available useful technologies to educate on how to reduce or judiciously use chemical pesticides, safeguard
ourselves from chronic poisoning, save the National environment while also reducing input costs and raise farmers’
income. This compilation will be useful to teachers, students, trainers, line-department personnel and policy makers.

Livestock Breeding: From Concept to ApplicationLivestock Breeding: From Concept to ApplicationLivestock Breeding: From Concept to ApplicationLivestock Breeding: From Concept to ApplicationLivestock Breeding: From Concept to Application..... 2018. Umesh Singh et
al. Indian Council of Agricultural Research, KAB-I, Pusa, New Delhi 110 012. 16
cm× 24 cm. pp. i- viii +1-275. `  580/- ISBN :978-81-7164-178-9.

Animal breeding especially artificial breeding has the history of more than 300
years and a lot has been achieved by now. The traits of economics importance in
various livestock species have improved several times to meet the human
requirements through the implementation of various genetic improvement
programme. However, today the world production merely meets the demand to a
significant extent. Further to feed the growing population in future, it may be
essential to produce more with abridged resources. So, today the animal breeding
cannot be restricted with the traditional breeding techniques, viz. selection and
breeding as the genetic improvement achieved through these method is very low
and time consuming. Recent development in the field of molecular biology have
opened new avenues for identifying variation at genomic level using advanced
molecular tools and analyzing the molecular data using appropriate statistical
methods. The developments in the field of animal breeding is related with changes
in the society, in terms of the techniques availability and market demand.

The Textbook on Livestock Breeding: From Concept to Application is written in a
simple, concise and comprehensive manner to facilitate better understanding to the
basic and fundamental principles of animal breeding. The content of this book is in accordance with the Veterinary
Council of India (VCI) syllabus for the Bachelor of Veterinary and Animal Science course. However, this book will
also address the needs of students of Animal Husbandry, Animal Science and Biological Sciences who study the the
basic animal breeding as part of their curriculum at college level. This book will be helpful for the undergraduate
as well as postgraduate students, teachers of Animal Breeding and Genetics in agricultural universeties and other
educational institutions etc.

This textbook is written in a simple, concise and comprehensive manner to facilitate better understanding to the
basic and fundamental principles of animal breeding. The content of this book is in accordance with the VCI syllabus
for the Bachelor of Veterinary and Animal Science course. However, this book will also address the needs of students
of Animal Husbandry, Animal Science, Dairy Science and Biological Sciences who study the the basic animal breeding
as part of their curriculum at college level.

for copies e mail to:
businessuniticar@gmail.com; bmicar@icar.org.in
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OMICS Approaches: Tools to Unravel Microbial Systems. 2017. D.V. Subhashini, Raghvendra Pratap
Singh and Geetanjali Manchanda. ICAR-DKMA, Krishi Anusandhan Bhavan I, New Delhi
110 012. 18.5 cm × 24.5 cm. i – vii + 1 – 352 pp. `̀̀̀̀ 1000/- ISBN: 978 – 81 – 7164 – 170 – 3.

Microbiologists explore a largely hidden world, trying to understand the structure and function of organisms
that are essentially invisible to the naked eye. A number of current emerging technologies have enabled us to
understand the behaviour of cells, tissues, organs, and the whole organism at the molecular level. Now-a-
days, we use refer to these technologies as ‘OMICS’ technologies. This book intends to give an overview
how these dynamic technologies are changing the face of the microbiology laboratory today. The text
provides a useful introduction to the undergraduate and postgraduate students of Microbiology. This book will
serve as a reference book for the researchers working in this field. Further, the information will be a catalyst
for scientists concerned with unravelling the mysteries of the Microbial World.

The Cashew. 2017. (Technical Editors) P.L. Saroj and K. R. M. Swamy. ICAR-DKMA, Krishi
Anusandhan Bhavan I, New Delhi 110 012. 16 cm × 24 cm. i – viii + 1 – 312 pp. `̀̀̀̀ 750/-
ISBN: 978 – 81 – 7164 – 174 – 1.

This technical bulletin covers  16 chapters on important aspects of cashew, contributed by experts of the
corresponding field, and are titled as The cashew: an Indian Scenario; The cashew: a global perspective;
Botany, Taxonomy and Genetic Resources; Crop Improvement in Cashew; Biotechnology of Cashew; Soil
and Climate; Production Technology; Plant Propagation and Nursery Management; Nutrition Management;
Irrigation Management; Insect-Pest Management; Disease Management; Post-harvest Management of
Cashew nut; Processing and Utilization of cashew apple; Nutritional and Nutraceutical Properties; and
Marketing Export.

Introductory Microbiology. 2017. Tejpal Dhewa. ICAR-DKMA, Krishi Anusandhan Bhavan I, New
Delhi 110 012. 16 cm × 24 cm. i – vii + 1 – 312 `̀̀̀̀ 750. ISBN: 978 – 81 – 7164 – 172 – 7.

This textbook  covers complete syllabus of the V Dean’s Committee for the undergraduate students of many
state and central agricultural universities of the National Agricultural Research System. The subject contents
were planned systematically and its value has been enhanced with the inclusion of relevant figures flow
charts etc. There are eleven chapter, covering all aspects of fundamental microbiology; from basic concepts
to developments in microbiology in India.

Ethonobotany. 2017. Amritpal Singbh Saroya. ICAR-DKMA, Krishi Anusandhan Bhavan I, New
Delhi 110 012. 16 cm × 24.5 cm. i – vii + 1 – 232 `̀̀̀̀ 450. ISBN: 978 – 81 – 7164 – 168 – 0.

This textbook is meant for the degree students of Botany as well as Agriculture and covers the syllabus of a
majority of the Indian agricultural and central universities. This textbook deals with the detailed account of
the many aspects of the Ethnobotany so as to equip the students with thorough information. Without such
information it is not possible to follow a comparative account and a generalized treatment of the subject at
the advance levels.

Textbook of Principles of Animal Genetics and Population Genetics. 2017. T.V. Raja, R. S. Gandhi,
Rani Alex, R.R. Alyethodi, Rajib Deb and Umesh Singh. ICAR-DKMA, Krishi Anusandhan
Bhavan I,  New Delhi 110  012. 15.5 cm × 24.5 cm. i – vii + 1 – 338 `̀̀̀̀ 1000/- ISBN: 978 – 81 –
7164 – 173 – 4.

This textbook is in accordance with the syllabus of Veterinary Council of India for the students of Veterinary
and Animal Science. Since the title covers most of the topics in the principles of animal genetics, it could
cater the academic need of the students specializing in animal genetics and breeding also.
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