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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™") 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 (d.) i.e 3 um 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 pm) 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 um 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 92-95°C
for 15s and immediately cooled to 30°C. 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.13°C and 19°C. 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 3™, 15™ and 30™ 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-like behaviour at 22°C.
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"' feed rate and 4500 rpm bowl speed was found as optimum condition to achieve
a cut-off diameter (d,) of 3 um. 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"' 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 um and
4.77+0.03 pum respectively from whole cow milk with average fat globule size of 3.524+0.09 um.
Similarly, buffalo partially separated cream (BPSC) and buffalo washed cream (BWC) produced with
average fat globule size of 4.93+0.16 pm and 5.18+0.16 pm respectively from whole buffalo milk
with average size of 3.76+0.12 um. 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
values of storage (G’) and loss (G") 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
22°C. There was no significant change in physico-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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TRIT HRTT IUHETET &1 U dgd AT 3R SUH FY J WAT o aTal IRURS JEWHd ad1 Jad
TY IS 7| W JR&T 3R AHS AT (ThTaugsR) & S8R, AR § ao & e § $7 I &1
76% G a1 T A1V | HRaT G g T HAls (@M aaiics i) i gg! o fhvad gRT duR fear oma g,
e a1e 38! & foredliard 991 & I | [T O1dT ¢ | Haa | g 991 & 3o fUrae ardl of%] &1 3
3UTd BIdT €, Forads IR & [T 9T § 6 I8 $9% W1g 3R §1ac &1 G Hrdl § | JuIfad Wy amv,
TS WU Y 3R Agaqul Hawiie Hgd & dlave, Haa & faRivarstt R aqie sieree fa<
P 31 uRuRRe Iare ufharstt I o1 A S4fd AEn § a3 &1 g1 gt § iR ol & Idre o
T §gd HH Bl ¢ | 3URIE, I IATeH AT & 1Y AHR fANfed gy a9 Taieged (THuwSt) & a1y
DI O H=d AT & Idled § JYR, oG- Idled § YR T &1 Th g fadbed g 39 sl &
1Y, TAAM MY DI IR A SUAGY TG DI [axgd fa=Iwdrell &1 3eqa- H, AHR | fanfed wiuwst &
Y P Y AR F IATeT P U T Ufehar sy &= oIk 98 M W IdTeH, IATE Bt IoraT
faRraraif 3iR HSRUT T[Ul TR 5% THTT BT 3 I & fore fEems fopan ma am|

HRA H fafie R WR oY ¥ U arel M R 49 % U & HReH & Al & o1 Th gaHTdd (eqg
foar e 1) AT o1 fazawor e e, gerfas, Suil, faraived, w@e o dad) fagmdrsi
& deof I fooar mar o1l SMeR fANfd THUwSH & W1 HIF &1 ITART HRd Ha@- & IdIe & a8 Tdh
uforar s Rid B & e, T Saraaiiie B 90 & B JUReR (60 TieR Ufd ber) &I siale sy
DI YHTHR &6 & S A7 ofaR1ad &1 1, 1.5 3R 2 fonft & &0 o sgan & forg =g fasan man
R fow Wi, a3 Tfts 3R Wi YT & Ul & Ud de-3iith o (S T &R & forg AT 71 o1,
M MATLAB U &1 SUANT $b HiH § THUGSH & 3 ASHH, 9d §16 FAN & Siq-dgab
ST &1 ITENT HRP YIRS JATU 51 7T HER B i iR BIs R F it Jaor R s
Rfeq & Tad I & TSR & TRid Hxdb B (> 25% a9 T BIC THTHGST (< 3 AZHH) B G-
DI HH B B ¢ Ufehar TSt & Tt & S 9= GR1 o 7| SN SRS & Hei= geaid
¥ fou THUwS TBR, I9T IrEdt SIR P & Al B U S YR HFD! B {197 T B H 3
TP (> 25% a9 ¥ HH A alcl THUHS! BT HH B & (o180 g1-aR0T GRNTAT GYIHRUl DD
BT ITAN FRb H1H BT IATeA AR SRRNT B [TUTSTS BT ST TR IcATGd B & 1Y a1 B
TS| oIS ARV & fore, THUwST TR, T91 T, et TRIS TReT SR i & Tl & 43 o7
Fyffed faru U 31 fhvam § ugd, BT & A BT 28-30% T & T AHSBIGH foan T T, 15 s & fag
92-95 &It AfR a9 Y g M iR R 30 & AR a% de1 fovan man w19 & = &1
ABTHR0T Ud Ty AAIh o dfdes TR dadifan (wavdh) TriEhdt-193 @ 2% o\ & a1y fosar
4T 3R 10 ¢ ¥ forw 30 feht AfRmmw w Fwarm fvar mn 11 $a dfdes sde, dug iR fegeaa
wRIfedt & forg 0 R 10 € & FAT &1 fazawor fasan mam| Hm & araamr g 13 feult Sfcmm ik 19
S Sy W omafRyd foar T o1 gy &t ufdsar &1 geic B & 1T dyd &1 99y, 810 o a9
DI B, I DI AT R IO TR B AT S AMISS] HI HTGT T AR & [0 o & e o
AT WTbid DI SUIN PR TaGH IdIeT IR R g DI gal § bR fanfed a9 ard wisged &
TUTT HT Yedich [ohdT TT 47| HSRUT 3&d & oY, ARG & AT B U=itaq (5°C) ofR fgu=iifad (-
18°C) yerRur fufaa o wdia faram mar o1 7t &1 39 Hifds-rmafAe o, @i Mg, TR sk
RIFES T, R Tac faRivdrefl & HeRu & IR, 159 3R 309 &7 Geuio fovan mar 1|

TG & Y & ARG (HITATH) 3R 49 & g¥ & ARG (SITATH) & T § A1al 3R o7| Heded &
T B S g a9 o, s deaed & T A I 9gfig ferifere e @fiuer) oran ) HeRe
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& g Al 7 22 feht Afaaw W N S agR feaman| Wadt O9a gRT Ay T &1 31 it
e uran | ARG faueis & SMaR smenfd thaemes the Talsg® & 1Y HiH & Idg- & [,
1.5 findt fer @RI, 750 THTE Ufd e Bt ¥e 3R 4500 RUTH 184 T &1 JaIeH He-3Hh
9 (S 3 AP U $A & e 3yad fufd & =0 o urn an vann 3 W= fauss & forg
o QR & geg &1 1.5 onft & =0 & g7 7o o7 SR ufthar HTuc Sl & &8 SIerT-3erT TSI & Iy
P U= Gedic & d1g 700 THUA Ui fiFe &t Wis &R 4000 St 9134 Tfd & A1y FaoH o Tad
Iugad UTS 718 ot 3R 4500 SRUTTH| &1 TRUN aTelt 1 GYFH Ul UichaT & foe, Ugal avur 9 ITied oM
DI T 3ifRIE FU F e Hiv @ idieasdh) & g it forar mar o1 ok g TR0 ¥ Iafed Mg B
it g3 PiA (Aissgyh) & T H i foar mar o1 SR 4.16+£0.07 pm 3R 4.77+0.03 um &1 ATeT
T TSI UT| 3.52+0.09 pm & Y I AW MHR & 1Y TR M & g J HHA: 3 @RE, T &
3ifres =Y I 3renT by T B (@dieRd) ok U9 B el g P (SlesgH) $T Iaed R 39 b gy
F HU: 4.93+0.16 pm 3R 5.18+0.16 pm & T I A 7AW MBR & 1Y 3.76+0.12 pm P
3 PR & 1Y fopan orar 71 esgy ok Sy # 98 g o971 a1 Tdied @ (TAuHTwST), I
B3 TT 3R AJw a1 S Ealke TRIS (C18: 0) BT I SIUTd T TH RE A ATHT B (HUHua)
3R N I TRE U AT DI @THTHR) BT JaT 8 giaT ¢ | IR, dfded Hear TSI -193 & 1Y
DI & TAI & Huad 7 Fobd o i ud® 7 & Jadifan &t Wen @ ity ufd wiee) & am
1.2 A1 3fS, TRYS IdTe | TTHT 3.5 ¥ 4.0 A1 3fG R Tua 79 § @Mt 1.3 71 St o 13 foht
IR R YA fHfad B o 7 o 19 f3 Afcqaw & gan o drer siftres gwg ovmar g1 13 feht
I W ffTaa desgwl ok el &1 Hud T37 I 818 B a1 ! HH HIH! g8 db HH 3l TS,
ARG BT IATG T B DI ga & H16! 1w fran ok g i & 9fg g31 98 @ mn fs
ety stesyied & T § FIARIT & A $I gaT H dgak JHIIRS IRTAT 3R AgH g
T Al I FAI B At B Oeswgyitd iR diesgditd FHA! (905.49+149.07 ppb SR
840.48+182.69 ppb HHRT) H ST Wi B AT ASt HH UTs T8, A § T U9d & AR
3% Werd Y| Wesgdien 3R desgwiitd T 37 AR & A &1 o1 § FTAT (1.00+0.22 3R
1.04+0.01%) S WRF AHGR O¢h! Bt 3 AFT AR g el TRIS (TUUHY) & HH A6
(65.00+0.65 3R 65.57£0.67%) et &1 Gt TeRa & FoAT & TIAT 20-40% 319 a1 b} JufRufy 3
WW%H@@WWW@W%Iviscoelastic@ﬁﬁﬂ%%?ﬂ%@@ﬁ
ety & HeRUT (G) 3R g1 (G”) AIgelt & Ged g 3, 3R gFf 7 -9 § 9gd HoR 1 9gd
TRA T UL T 3R 22 °C WR 3BT TR &aT1 @ A | Fresegdiid iR Stesegyied At & Hifdew-
RS R Argwifaga i ¥ B8 Tgayuf uRads T8t g U, afe uxia fRufa & duda Tt o
fRIead s iR SifRfSRa FRRAT 98 §U YR & o & siiamed ov &= 3 961 g3 UK TS| o
BT VSR § GUGId A § i AT & W1 STHT gofT ol

SUER & ¥UH, IAHF g o WA AHGRY G9! oY WA, Tagard faRivarsh, ude or ok
Ugd U U wiafeT gew! ot IufRUfd & Yoy H $3 Agayul aul @@l & aufae Tradr & sre-
T HTHR & e TR & 1Y Yol §s HH ¥ oG & Idre- & fore fasiya ufsar 3 waaq o
Toraa faRivarstt & Tgayul YR AR, 59 UHR 39 Uikl & Haed & §9 UM IR IdeA & forg
SRIR o S gaar 31

Key words: TR, IS g¥, YN H-&UIRD JYdhRUl, 1Y, T I9] Teleged Bl BN, urad] 0],
YSRUT 0T
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