
PRODUCTION OF TRADITIONAL INDIAN BUTTER 

(MAKKHAN): PROCESS IMPROVEMENT 

AND QUALITY ASSESSMENT 

 

 

 

 

 

KUMARESH HALDER 

 

 

 

 

 

 

 

 

 

 

CENTRE FOR RURAL DEVELOPMENT AND TECHNOLOGY 

INSTITUTE OF TECHNOLOGY DELHI 

MAY 2023  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology (IITD), New Delhi, 2023 

Biswajit
Highlight



PRODUCTION OF TRADITIONAL INDIAN BUTTER 

(MAKKHAN): PROCESS IMPROVEMENT 

AND QUALITY ASSESSMENT 

 

by 

 

KUMARESH HALDER 

 

CENTRE FOR RURAL DEVELOPMENT AND TECHNOLOGY 

 

Submitted 

in fulfilment of the requirements of the degree of Doctor of Philosophy 

 

to the 

 

 

 

 

 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

MAY 2023 



i 

 

 

CERTIFICATE 
 
 
 

 

This is to certify that the thesis entitled, Production of Traditional Indian Butter 

(Makkhan): Process Improvement and Quality Assessment  being submitted by Mr. 

Kumaresh Halder to the Indian Institute of Technology Delhi for the award Doctor of 

Philosophy  

our guidance and supervision and has fulfilled the requirements for the submission of thesis. 

To the best of our knowledge, the results contained in the thesis have not been submitted, in 

part or full, to any other university or institute for the award of any degree or diploma. 

 
 

 
 
 
 
 

(Prof Jatindra K Sahu) 

Centre for Rural Development &Technology 

Indian Institute of Technology Delhi 

 

 
 
 
 

 
(Prof S N Naik) 

Centre for Rural Development &Technology 

Indian Institute of Technology Delhi 
 
 
 
 



ii 

 Acknowledgement  

 

I would like to wholeheartedly thank my supervisors, Prof Jatindra K Sahu and Prof S N 

Naik, Centre for Rural Development and Technology for their guidance and support that 

helped in successful completion of this research work. My thesis is an outcome of their novel 

ideas, constructive suggestions and careful editing.  

 

I am also thankful to Prof P M V Subbarao, Head, Centre for Rural Development and 

Technology and Prof V M Chariar, Chairperson, Centre Research Committee for providing 

me with lab facilities and financial approval as and when required for accomplishment of my 

research work.  

 

I thank my SRC members  Prof S K Khare (Chairperson), Prof Satyawati Sharma 

(Internal subject expert), and Prof Vivek V Buwa (External subject expert) for their 

valuable suggestion and advice throughout the work.  

 

I am thankful to the Heads and staffs of Nano Research Facility (NRF) of IIT Delhi for 

allowing me to analyze the samples. I would like to extend my sincere thanks to Dr. 

Dibyendu Das, Associate Professor, Chemical Sciences, Indian Institute of Science Education 

and Research (IISER), Kolkata for granting me permission to use the lab facilities. I am 

thankful to Rajender Khattar, Jr. Technical Superintendent, Fibre Science Laboratory, 

Department of Textile and Fibre Engineering, IIT Delhi for the help in thermal properties 

analysis. I am indeed grateful and sincerely appreciate the relentless cooperation rendered by 

Dr. Anil Kumar, Senior Scientist, Food Testing Laboratory, Shoolini University, Himachal 

Pradesh for helping in samples analysis. I would like to thank Mr. Rahul Yadav, Senior 

Scientist, Shoolini Lifesciences Pvt. Ltd., Shoolini University, Himachal Pradesh for the help 

in samples analysis during experimentation. 

 

I take this opportunity to acknowledge my lab-mates, Neha, Asutosh, Sushree, Sukirti, Preeti, 

Nikita, Dhruv, Vipasa and Achala for their immense help and support whenever I approached 

them throughout my work. I express sincere regards to Nitin Kumar and Ankur Kumar for 

their immense help, cooperation, and encouragement during my study.  

 



iii 

I would like to express my sincere thanks to the administration of National Institute of Food 

Technology Entrepreneurship and Management (NIFTEM), Kundli, Sonepat and West 

Bengal University of Animal and Fishery Sciences (WBUAFS), Kolkata for granting me 

permission to pursue PhD at IIT Delhi. 

I express heartfelt thanks to Prof. T. K Maity, Dean, Faculty of Dairy Technology, WBUAFS 

for his valuable guidance and support during the entire study. I am indeed grateful to Prof 

Surajit Mandal for his rigorous mentorship during microbiological experiments and analysis. 

I express my special thanks to Dr. Lopamudra Haldar for her valuable advice and providing 

analytical facilities created by ICAR-World Bank funded National Agricultural Higher 

Education Project (Innovation Grant) at the Faculty of Dairy Technology, WBUAFS. I am 

also thankful to Prof P Maity, Prof S K Bag, Prof P R Ray, Prof P K Roy, Dr A Debnath, Mr 

Kuntal Roy, Mr P P Debnath, and Mr A K Barman for their unforgettable advices and 

cooperation during my entire work.  

This work would not have been possible without the unconditional support and understanding 

of my family. I cannot forget the shadow which blesses and protects me from the hard rays of 

sun, my wife Debashree, without her touch the journey of life would be lonely. It is very 

difficult to express the positive spirit that I received from my loving son Kounish, who 

relieved all my stresses at once with the touch of his soft hands and unconditional love. 

Thank you for accommodating my ever-changing schedule and being a source of mental 

strength always.  

Last but not the least my parents are my source of inspiration. Their blessings, sacrifice, 

encouragement, innocence and great support at every step at the expense of all material 

pleasures has enabled me to get more than any potential. Where emotions are involved words 

cease to mean. In fact, there are no words to pay my regards to them in my twinkling career. I 

owe them a lot. I cannot forget to convey my special thanks to my loving sister Nikkan. 

  
          Kumaresh Halder 

    



iv

ABSTRACT 

Makkhan is a very popular and widely consumed traditional cultured fat rich milk product of the 
Indian subcontinent. According to Food Safety and Standards Regulations (FSSR), makkhan should 
contain at least 76% milk fat by weight. Makkhan is prepared by fermentation of whole milk or malai 
(i.e. clotted cream) into curd (i.e. dahi) followed by churning the curd into aggregates of crystallized 
fat. Makkhan contains a higher proportion of high melting fraction of milk fat, which is believed to 
enrich its flavour and texture. In spite of potential health benefits, wide consumption pattern, and 
significant commercial importance, the scientific study on characteristics of makkhan is rarely 
available. Conventional production practices lead to greater amount of fat loss in buttermilk (i.e. 
chhach) with low volume of makkhan production. Therefore, improvement in the production of raw 
material such as cream containing size differentiated milk fat globules (MFGs) with higher production 
volume would be a better option to bring improvement in makkhan production. With this background, 
the present research was designed to study the detail characteristics of makkhan available in 
households, to develop a process for production of makkhan from creams with size differentiated 
MFGs, and to study its impact on quality characteristics and storage properties of the product for large 
scale production. 
 
A comparative study was made between fresh cow and buffalo milk makkhan samples procured from 
households at different locations in India. The samples were analyzed in terms of the proximate 
composition, microbiological, thermal, rheological, flavour and sensory characteristics. To develop a 
process for the production of makkhan using creams with size differentiated MFGs, the inside 
geometry of a commercial small scale cream separator (60 L.h-1) was modified to vary the channel 
gaps between the conical discs as 1, 1.5 and 2 mm. Then the values for disc spacing, bowl speed and 
feed rate were selected to achieve a cut-off diameter (dc) i.e 3 µm of MFGs in creams using a 
MATLAB programme followed by experimental validation using a Box Behnken Design of 
experiments. Further selection of values for process parameters were accomplished to minimize the 
number of small MFGs (< 3 µm) in creams (> 25% fat) by evaluating the performance of a selected 
value of disc spacing at different combinations of bowl speed and feed rate. For performance 
evaluation of the modified centrifuge the performance parameters such as MFGs size, fat content, and 
yield of cream samples were measured. Production of creams using a two-stage modified separation 
approach was further adopted to minimize MFGs with diameter less that 3 µm in creams (> 25% fat) 
and compared with cream produced using the unmodified cream separator. For the comparative 
analysis, MFGs size, fat content, fatty acid composition and thermal properties of cream samples were 
determined. Before fermentation, cream samples were standardized to 28-30% fat, heated to 92-95oC 
for 15s and immediately cooled to 30oC. Inoculation of cream samples was done with an activated 
mesophillic lactic acid bacteria (LAB) NCDC-193 @ 2% of cream and incubated at 30°C for 10 h. 
Samples were analysed at 0 and 10 h for total lactic count, pH and titratable acidity. Churning was 
conducted at two temperatures i.e.13oC and 19oC. The parameters like churning time, fat loss in 
buttermilk, fat content and yield of makkhan were measured to evaluate the churning process. Impact 
of creams with size differentiated fat globules in comparison with whole milk on makkhan production 
using the selected protocol was evaluated in terms of quality attributes of makkhan. For storage 
studies, makkhan samples were stored at refrigeration (5°C) and frozen (-18°C) storage conditions. 
The samples were evaluated at 3rd, 15th and 30th day of storage for their physico-chemical properties, 
flavour profile, acid and peroxide values, and sensory characteristics. 
 
There were slight variations between cow milk makkhan (CMM) and buffalo milk makkhan (BMM) 
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samples. CMM samples contained higher saturated fat, while BMM samples were found to contain 
higher conjugated linoleic acid (CLA). Both makkhan samples showed solid-
Colour of the CMM sample was found more acceptable by the sensory panel. For production of cream 
with size based fractionated fat globules in the modified separator, a combination of 1.5 mm disc 
spacing, 750 mL.min-1 feed rate and 4500 rpm bowl speed was found as optimum condition to achieve 
a cut-off diameter (dc) of 3 µm. From the experiments the value of disc spacing was selected as 1.5 
mm for modified separator and after its performance evaluation with six different combinations of 
process parameters a feed rate 700 mL.min-1 was found most suitable in combination with bowl speed 
of 4000 and 4500 rpm. For two-stage cream separation process, cream produced from the first stage 
was designated as cow partially separated cream (CPSC) and that produced from second stage was 
designated as cow washed cream (CWC) contained mean fat globules size of 4.16±0.07 µm and 
4.77±0.03 µm respectively from whole cow milk with average fat globule size of 3.52±0.09 µm. 
Similarly, buffalo partially separated cream (BPSC) and buffalo washed cream (BWC) produced with 
average fat globule size of 4.93±0.16 µm and 5.18±0.16 µm respectively from whole buffalo milk 
with average size of 3.76±0.12 µm. CWC and BWC contained higher proportion of large milk fat 
globules (LMFGs), higher solid fat and greater proportion of saturated fat such as stearic acid (C18:0) 
compared to cow fully separated cream (CFSC) and buffalo fully separated cream (BFSC) 
respectively. The fermentation of cream samples with lactic culture NCDC-193 indicated that there 
was approximately 1.2 fold increment in bacterial count, approximately 3.5 to 4.0 fold increment in 
acid production and approximately 1.3 fold reduction in pH value in each sample. Churning of each 
fermented cream at 13°C was observed to take slightly longer time for churning compared to 19°C. 
Churning of fermented CWC and BWC at 13°C prevented fat loss in buttermilk significantly, and 
makkhan produced with significantly higher yield and increased fat recovery compared to other 
creams. It was observed that cow washed cream makkhan (CWCM) and buffalo washed cream 
makkhan (BWCM) samples contained improved proximate composition and microbiological 
properties than other makkhan samples. Quantity of diacetyl flavour was found to be slightly lower in 
CWCM and BWCM samples (905.49±149.07 ppb and 840.48±182.69 ppb respectively) than other 
samples, but those were more acceptable according to the sensory panel. CWCM and BWCM 
contained higher amount of health beneficial components such as CLA (1.00±0.22 and 1.04±0.01%) 
and lower amount of saturated fatty acid (SFA) (65.00±0.65 and 65.57±0.67%) compared to other 
makkhan samples. The presence of approximately 20-40% solid fat in all makkhan samples indicated 
that spreadabilty of the samples could be acceptable. The viscoelastic properties revealed that the 

) moduli were moderate in CWCM and BWCM, and both the 
samples were not found to be very hard or not very soft in texture and possessed good spreadability at 

-chemical and microbial properties of CWCM and 
BWCM samples, but titratable acidity and oxidative stability in the samples stored at refrigeration 
condition were found to increase at relatively faster rate compared to frozen storage. More amount of 
flavour was accumulated in the samples stored at frozen storage.  
 
In conclusion, the present study validated the few important claims regarding presence of CLA, 
textural attributes, thermal properties and flavouring components made earlier. The developed process 
for production of makkhan from washed creams with size differentiated fat globules brought 
significant improvement in quality attributes of makkhan, and that process could be recommended for 
large scale production of makkhan. 
 
Keywords: Makkhan, whole milk, modified centrifugal separation, cream, milk fat globules size, 
quality attributes, storage properties 
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