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Abstract
In the current study, the effect of ghee extraction methods (direct cream DC, milk butter MB and milk skin MS) on its molecular
composition has been investigated using Fluorescence spectroscopy. The excitation wavelength of 300 nm was found the best to
produce pronounced spectral signatures of beta-carotene, vitamins and conjugated linoleic acid (CLA) in both cow and buffalo
ghee types. Principal component analysis (PCA) has been applied on the spectral data to visualize the classification among ghee
samples extracted by three methods. Both cow and buffalo ghee contain spectral signatures of vitamin A, E, K, D and CLAwhich
has been verified through plotting loading vectors. The analysis of loading plots has been suggested that for cow ghee, MS
extraction method conserve relatively higher concentration of beta carotene while DC and MB methods are a good choice for
preserving relatively more concentrations of vitamins D, E and K. Similarly, for buffalo ghee, MS extraction method appear with
higher concentration of CLA, whereas DC extraction method looks to preserve relatively higher concentration of vitamin Awhile
MB method retains relatively low concentration of CLA and vitamins as compared to other two methods.

Keywords Cow and buffalo desi ghee . Ghee extraction methods: Direct cream (DC) . Milk butter (MB) . Milk skin (MS) .

Fluorescence spectroscopy . Beta-carotene . Vitamins A, E, D, K . Conjugated linoleic acid (CLA) . Principal component
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Introduction

Desi ghee obtained from buffalo and cow milk by different
methods is an important fat rich nutritious dairy product for
human health [1]. It is enriched with 62% saturated fatty acids,
29% unsaturated fatty acids, 4% trans fats, fat soluble vitamins
[2, 3] and conjugated linoleic acid (CLA) [3]. It is generally
obtained by three methods; which includes direct cream (DC),
milk skin (MS) and indigenousmilk butter (MB) or desi meth-
od [4]. Ghee obtained from heat clarification of fresh cream is
called DC method and by directly heating the milk skin or
lactoderm is called MS extraction method. The heat clarifica-
tion of butter obtained frommilk by applying yogurt culture is

called MB or desi method [5]. These extraction methods may
affect the nutritional values of ghee including fatty acids, vi-
tamins, colour, quality, flavour and shelf life [4]. In sub-con-
tinent, desi or MB method is considered best among others.
Therefore, by keeping in mind this perception, the current
study was planned to investigate best method for preparing
desi ghee or clarified butter so that end users can enjoy valu-
able benefits.

Different experimental techniques have been employed to
explore the molecular composition of ghee. Gas chromatog-
raphy has been used to study the effects of storage on its
chemical composition [4] which, however, involve labourous
proceedure. Recently, Raman spectroscopy has been
employed to characterize desi ghee along with effect of tem-
perature on its molecular composition [1, 6]. Fluorescence
spectroscopy, on the other hand, has proved itself a nonde-
structive and very successful tool for the analysis of vitamins,
carotenoids, milk, edible oils and ghee [7–14]. It has been
widely used for the analysis of dairy products and also for
the monitoring of their processing mechanism [15–20]. This
research article contains characterization of cow and buffalo
ghee extracted through DC, MS andMBmethods on the basis
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of vitamins, beta-carotene and CLA using Fluorescence
spectroscopy.

Materials and Methods

Methods to Obtain Ghee from Milk

Desi ghee samples were prepared separately from cow and
buffalo milk through three methods: from direct fresh cream
(DC), from milk skin (MS) and milk butter (MB). In total, six
types of samples were prepared, out of which three from pure
buffalo milk and three from pure cow milk by using above
mentioned methods.

The fresh milk samples were obtained from a dairy farm in
separate vessels in the personal presence of author to ensure
the purity. Three samples of buffalo and cow milk were ar-
ranged to extract ghee. First milk samples were prepared by
cow’s milk which were collected separately from 8 cows
whereas buffalo milk from 12 different buffalos. All cow
and buffalo milk samples were then mixed separately to ex-
clude any type of discrepancy that might be originated from
different animals. Second milk samples were prepared by
collecting cow milk from two cows and buffalo milk from
two buffalo and third milk samples were prepared by
collecting cow milk from three cows and buffalo milk from
two buffalo separately. These cow and buffalo milk samples
were collected from Mian Channu, the southern region of
Punjab province, Pakistan. These final milk samples were
used to prepare ghee through following methods.

Using first method, ghee samples were prepared by direct
cream (DC) method, in which 250 g of fresh cream samples of
buffalo and cow were heated at temperature of 115 °C in an
open frying pan with continuous stirring for water evapora-
tion. A K-type thermocouple (Reotemp Instruments, USA)
was used to monitor the temperature of molted ghee with an
uncertainty of ±2 °C. After stirring for a time period of ~
20 min, ghee got itself fully separated from the other cream
residues due to differences in density of fat and non-fat seg-
ments [3]. Larger quantity of fresh cream may take different
time for the extraction of ghee.

In milk butter (MB) method, fresh buffalo and cow milk
samples were separately boiled and cooled up to temperature
of ~ 45 °C, then yogurt culture was applied to buffalo and cow
milk separately in metal vessels by mixing one teaspoonful of
yogurt (pH 4.6) per liter of milk. These mixtures were then
kept at room temperature for a time period of ~ 8 h, which as a
result turned in to curd. Then some quantity of cold water was
added in curd and mixture was churned with a locally devel-
oped churning machine in a clean metal vessel for ~ 7 min to
obtain desi butter. This butter of 250 g was then heated at a
temperature of 115 °C with continuous stirring for a time

period of ~ 10–15 min. As a result, buffalo and cow ghee
got fully separated from the rest of butter residues.

In milk skin (MS) method, fresh cow and buffalo milk
samples of 3 l each were boiled and then cooled for 6 h by
placing at cold place. As a result, a thick layer of milk skin or
lactoderm was formed on the milk surface, which was re-
moved separately from buffalo and cow milk surface. It was
then heated in an open pan with continuous stirring at temper-
ature of 115 °C for a time period of ~ 20 min. As a result, ghee
got fully separated from the rest of cream residues. In all three
methods, molten ghee samples were filtered by double-folded
muslin cloth and poured in 3 ml cuvettes, which were then
placed at 4 °C for further spectroscopic analysis.

In addition, samples of vitamins A (Matrix pharma,
Pakistan), vitamin D (SAMI Pharmaceuticals, Pakistan), vita-
min E (Merck pharma, Pakistan), vitamin K (Munawar
Pharma, Pakistan) and CLA (Nature’s Bounty, Inc., USA)
were purchased from local markets of Islamabad, Pakistan.

Acquisition and Pre-Processing of Fluorescence
Spectra

Ghee containing cuvettes were placed one by one in a spec-
trofluorometer (FluoroMax-4, Horiba scientific, Jobin Yvon,
USA) and spectra were recorded by right angle geometry.
Closely lying emission spectra were obtained by fixing the
slit width of excitation and emission monochromator at 3
and 2 nm, respectively. Ghee samples of buffalo and cowwere
excited with different wavelengths from 280 to 410 nm with
intervals of 10 nm. The excited wavelength at 300 nm
displayed with maximum spectral information and therefore
was selected for recording additional 5 emission spectra from
each ghee sample to eliminate any instrumental and human
error. Similarly, emission spectra of vitamins A, D, E, K and
CLAwere recorded by using 300 nmwavelength to produce a
nice comparison with ghee spectra of both ghee types extract-
ed by three methods.

The spectra of ghee samples were pre-processed inMatLab
2014a (The Mathworks, USA). Savitzky-Golay smoothing
method by using 5th order polynomial and 13-point window
size has been employed for noise reduction and smoothening
the spectra. The smoothed spectra were then vector normal-
ized to produce graphs for a nice comparison between spectra
of ghee samples extracted by DC, MS and MB methods and
vitamins A, D, E and K along with CLA. As a result, the
emission spectra highlighted a number of peaks confirming
the presence of different molecular structures in ghee.

Results & Discussion

The emission spectra of buffalo and cow ghee samples record-
ed by using different exciting wavelengths λex: 280–410 nm
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with interval of 10 nm is presented in Fig. 1. It shows prom-
inent spectral variations in the emission bands from λem: 350–
750 nm. Figure 1a shows the emission spectra of cow ghee
and Fig. 1b of buffalo ghee, where different colours have been
used to identify the emission bands depicting similar spectral
behaviour. Emission spectra of cow ghee obtained by using
excitation wavelength from 280 to 300 nm has been assigned
red colour, blue colour for excitation wavelength 310–
320 nm, green colour for the excitation range 330–370 nm
and magenta colour for excitation wavelength range 380–
410 nm, respectively. Prominent emission bands appeared at
380, 440, 475, 525, 552, 620, 635, 660 and 670 nm, of whom
molecular assignments have been described in subsequent
sections (Figs. 1 and 2).

Figure 1b shows the emission spectra of ghee samples ob-
tained from buffalo milk recorded with λex: 280–410 nm with
interval of 10 nm, where different colours have been used to
identify the emission bands depicting similar spectral behav-
iour. Red colour has been assigned to emission spectral range
which were excited from 280 to 320 nm, green colour has
been assigned to emission spectra which were excited from
330 to 370 nm and blue colour has been assigned to emission
spectra which were excited from 380 to 410 nm, respectively.
Prominent emission bands appeared at 390, 440, 475, 552,

635, 660 and 670 nm of whom origins have been described
in subsequent sections.

The emission bands emerging at 635, 660 and 670 nm
appeared in both ghee samples have been assigned to isomers
of chlorophylls [10, 13, 21] and they do not fluoresce at exci-
tation wavelength below 370 nm. In the following sections,
effect of extraction methods on the molecular composition of
both cow and buffalo ghee has been explained.

Effect of Extraction Methods on Molecular
Composition of Cow Ghee

Figure 2a shows the comparison of emission spectra of cow
ghee samples extracted through DC, MB and MS methods
with the spectra of vitamin A, K, D, E and CLA, where aver-
age of 15 spectra of each ghee type has been displayed. The
emission band appearing at 380 nm in cow ghee can be
assigned to vitamin E, K and vitamin D which is also in ac-
cordance with literature [12]. It is evident that the spectrum of
vitamin K fully overlaps the spectra of all three types of cow
ghee sample at emission band of 380 nm which consequently
evidence its presence. Spectra of vitamin D partially overlaps
with the shoulder of emission band at 380 nm and its presence
in cow ghee samples can be speculated. Vitamin E overlaps
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Fig.1 (a) The emission spectra of
cow ghee samples excited from
280 to 410 nmwith step of 10 nm.
(b) The emission spectra of buf-
falo ghee samples excited from
280 to 410 nm with step of 10 nm
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with the low intensity emission band at 440 nm and therefore
confirms its presence in all three ghee samples extracted
through MB, MS and DC extraction methods.

Overall, the spectrum of vitamin K shows relatively strong
overlapping with the band at 380 nm as compared to vitamins
D and E. It can therefore be inferred that vitamin K has ap-
preciable concentration in all three types of cow ghee samples.
Spectrum of CLA evolved as a broad band from 350 to
600 nm and centred roughly at 420 nm, overlaps strongly with
a large portion of cow ghee spectra covering emission bands at
380, 440 and 475 nm, ensures its presence in all three types of
cow ghee samples, which is already reported [3]. Spectra of
vitamin A does not overlap with cow ghee spectra, therefore,
it ruled out its presence in cow ghee [3]. The emission band at
525 nm in cow ghee spectra has been assigned to beta-
carotene [10, 22] which is a precursor of vitamin-A [23].
The emission band at 552 nm is assigned to oxidized products
[22] whichmight have evolved due to heating of ghee samples
during extraction procedure [14].

In order to explore minute spectral variations, principal
component analysis (PCA) has been employed on the emis-
sion spectra of three sample types to visualize the classifica-
tion based on dissimilarities either in chemical composition or
relative concentration of nutritional ingredients. PCA is an
unsupervised chemometric technique, which classifies the
samples on the basis of their dissimilarities in the spectral data.

The code pca in MatLab 2014a (The MathWorks, USA) has
been used which calculated principal components (PCs) based
on spectral variances. Each principal component explains the
variance in data and all PCs are uncorrelated and orthogonal to
each other. Therefore, a scatter plot between its PCs produces
visual classification in data which clustered in different quad-
rants on the basis of dissimilarities in data sets.

Figure 2b shows the PCA scatter plot between PC1 (72%
variance) and PC2 (25% variance) which displays clustering
of cow ghee samples extracted through DC and MB towards
the positive side and by MS method towards negative side of
PC1 axis. The clustering of three ghee types at different posi-
tions in PCA scatter plot depicts that ghee samples extracted
by DC, MB and MS methods are slightly different in nutri-
tious values from one another. The clustering of ghee samples
extracted through DC andMBmethod on positive side of PC1
axis shows that they havemore similar molecular composition
as compared to samples extracted by MS method. From the
intensity variation of band at 525 nm, it can be concluded that
MS extraction method may retains relatively higher concen-
tration of beta-carotene, second higher by DC and minimum
by MB method, respectively.

In order to explain the spectroscopic reasoning of classifi-
cation in Fig. 2b, loading vectors are produced for three pairs
of cow ghee samples extracted through DC&MB, DC&MS
and MB & MS methods. The reason is that pca code is
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designed for producing classification between two types of
data sets. However, when it is employed on more than two
types of data sets, it very nicely produces the trend of visual
classification among them as has been depicted and explained
in Fig. 2b. The outcomes of PCA and associated loading vec-
tors for three pairs of cow ghee samples have been depicted in
Figs. 3 and 4.

Figure 3a shows comparison of emission spectra between
cow ghee samples extracted through DC and MB methods.
Prominent spectral variations can be observed at 380, 475 and
525 nm. Figure 3b shows PCA scatter plot with 93% variance
in PC1 and 3% variance in PC2. To further illustrate the spec-
troscopic reasoning of classification shown in Fig. 3b, loading
vectors are shown in Fig. 3c, d. Cow ghee samples extracted
by DC method clustered on the positive side while ghee sam-
ples extracted throughMBmethod clustered towards negative
side of PC1 axis of scatter plot which follows from the spectral
features associated with the former are loaded positively,
while those of the later are loaded negatively.

Evidently, positive loadings can be observed at band of
530 nm and negative loadings at 375 nm (vitamins) which
shows that features identified in Fig. 3b are also featured in
loadings of PC1 and PC2. Loading positively means that in
first type of samples, the relative concentration of correspond-
ing molecules is higher, and negative loading means that the
relative concentration of corresponding molecules is lower in

second type of samples. This explanation, therefore, sug-
gested that the classification of data groups shown in Fig. 3b
is based on the difference in relative concentration of specific
molecules in ghee samples extracted through DC and MB
methods. There is no separation along PC2 axis in Fig. 3b
because there are no clear spectral signatures associated with
PC2 in its loading vector.

Figure 4a shows comparison of cow ghee samples extract-
ed through DC and MS methods with prominent spectral var-
iations at emission bands of 380, 440, 475 and 525 nm.
Figure 4b shows PCA scatter plot where cow ghee samples
extracted by DC method clustered towards positive side and
by MS method towards negative side of PC1 axis which fol-
lows from the spectral features of former are loaded positively
while of the later are loaded negatively as shown in Fig. 4 (c,
d). PC1 shows variance of 98% while PC2 only 1% variance,
which shows that PC1 explained maximum variance between
two data set. In Fig. 4 (c, d), loadings of PC1 shows that
emission band at 380 nm loaded positively while at 525 nm
loaded negatively depicting the fact that two types of ghee
samples extracted by DC and MS methods differ mostly in
terms of biomolecules (beta carotene at 510 nm and vitamins
at 385 nm) emerging at these two emission band positions.
Loading of PC2 are noisy and can thus be neglected.

Another comparison between cow ghee samples extracted
through MB and MS methods is shown in Fig. 5a with

400 500 600 700 800
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Emission Wavelength (nm)

Si
gn

al
 in

te
ns

ity
 (

A
rb

itr
 u

ni
ts

)

 

 

Cow fresh cream:
DC method 

ex
=300 nm

Cow milk butter:
MB method 

ex
=300 nm

-0.1 0 0.1 0.2 0.3
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

PC1 (93%)

PC
2 

(3
%

)

 

 DC method: Sample 1

DC method: Sample 2

DC method: Sample 3

MB method: Sample 1

MB method: Sample 2

MB method: Sample 3

400 500 600 700 800
-0.1

-0.05

0

0.05

0.1

0.15

L
oa

di
ng

Emission wavelength (nm)

 

 

PC 1

400 500 600 700 800
-0.1

-0.05

0

0.05

0.1

0.15

0.2

L
oa

di
ng

Emission wavelength (nm)

 

 

PC 2

382

525

475

380

375

530

(a) (b)

(c) (d)

Fig. 3 (a) The spectral
comparison of cow ghee samples
extracted by DC and MB
methods. (b) PCA classification
of cow ghee samples extracted by
DC and MB methods. (c)
Loading vector of PC1. (d)
Loading vector of PC2

J Fluoresc (2019) 29:1411–1421 1415



300 400 500 600 700 800
0

0.02

0.04

0.06

0.08

0.1

0.12

Emission Wavelength (nm)

Si
gn

al
 in

te
ns

ity
 (

a.
 u

.)

Cow milk butter:
MB method 

ex
=300 nm

Cow milk skin:
MS method 

ex
=300 nm

-0.2 0 0.2 0.4
-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

PC1 (98%)

PC
2 

(1
%

)

MB method: Sample 1

MB method: Sample 2

MB method: Sample 3

MS method: Sample 1

MS method: Sample 2

MS method: Sample 3

400 500 600 700 800

-0.1

-0.05

0

0.05

0.1

0.15

L
oa

di
ng

Emission wavelength (nm)

PC 1

400 500 600 700 800
-0.05

0

0.05

0.1

0.15

L
oa

di
ng

Emission wavelength (nm)

PC 2

380

525

380 525

(a) (b)

(c) (d)

Fig. 5 (a) The spectral
comparison of cow ghee samples
extracted by MB and MS
methods. (b) PCA classification
of cow ghee samples extracted by
MB and MS methods. (c)
Loading vector of PC1. (d)
Loading vector of PC2

400 500 600 700 800
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Emission Wavelength (nm)

Si
gn

al
 in

te
ns

ity
 (

a.
 u

.)

Cow fresh cream:
DC method 

ex
=300 nm

Cow milk skin:
MS method 

ex
=300 nm

-0.1 0 0.1 0.2 0.3 0.4
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

PC1 (98%)

PC
2 

(1
%

)

DC method: Sample 1

DC method: Sample 2

DC method: Sample 3

MS method: Sample 1

MS method: Sample 2

MS method: Sample 3

400 500 600 700 800
-0.1

-0.05

0

0.05

0.1

0.15

0.2

L
oa

di
ng

Emission wavelength (nm)

PC 1

400 500 600 700 800

-0.1

-0.05

0

0.05

0.1

0.15

L
oa

di
ng

Emission wavelength (nm)

PC 2

510

385

380

440

475

525

(a) (b)

(c) (d)

Fig. 4 (a) The spectral
comparison of cow ghee samples
extracted by DC and MS
methods. (b) PCA classification
of cow ghee samples extracted by
DC andMSmethods. (c) Loading
vector of PC1. (d) Loading vector
of PC2

1416 J Fluoresc (2019) 29:1411–1421



prominent spectral variations evolving at band positions of
380 and 525 nm and PCA scatter plot between PC1 and
PC2 is shown in Fig. 5b. PC1 and PC2 shows variance of
98% and 1% between two data sets. PCA scatter plot
completely separates two data set verifying the fact that cow
ghee samples extracted by MB and MS methods are different
from each other in terms of biomolecules appearing at band
positions of 525 and 380 nm. Loadings of PC1 and PC2 are
shown in Fig. 5 (c, d) where band at 380 nm loaded positively
while at 525 nm loaded negatively. It shows that separation
between two ghee samples is based on the difference in rela-
tive concentration of biomolecules appearing at emission band
positions of 380 and 525 nm induced by MB and MS extrac-
tion methods.

It can thus be concluded from above discussion that three
extraction methods cast prominent effects on the cow ghee
composition. The above qualitative analysis therefore sug-
gested that MS extraction method appears to conserve rela-
tively higher concentration of beta-carotene at 525 nm while
DC and MB methods are a good choice for preserving rela-
tively more concentrations of vitamins (D, E and K) at
380 nm. However, regarding CLA, no prominent spectral var-
iations were found in cow ghee samples extracted by three
methods.

Effect of Extraction Methods on Molecular
Composition of Buffalo Ghee

The comparison of buffalo ghee spectra extracted through DC,
MB and MS methods with spectra of vitamin A, K, D, E and
CLA have been displayed in Fig. 6a, where average of 5
spectra of each ghee type has been displayed. It shows that
the band appearing at 390 nm in buffalo ghee samples may be
assigned to vitamin D, K and CLA. It is evident that the
spectrum of vitamin D partially overlaps with the shoulder
of spectra of all three types of buffalo ghee samples.
Spectrum of vitamin K also overlaps partially with the emis-
sion band at 390 nm and CLA spectra centred at 410 nm,
overlaps strongly with a large portion of buffalo ghee spectra
and ensure its presence in all three types of ghee samples.
Vitamin E shows a strong overlap with the bands at 390,
410 and 440 nm in all three ghee types and verifies its pres-
ence. Vitamin A shows overlapping with the ghee spectra at
band position of 470 nm.

The spectral variations shown in Fig. 6a are not much
prominent, therefore, chemometric analysis was imperative
for the sake of visual classification among buffalo ghee sam-
ples obtained by three methods. Principal component analysis
(PCA) has been employed on the spectra shown in Fig. 6a and
results are shown in Fig. 6b, where PC1 explains 75% vari-
ance and PC2 explains 21% variance in the data set. It shows
clustering of buffalo ghee samples extracted through DC and
MB methods towards the negative side and by MS method

towards positive side of PC1 axis. This fact leads to the con-
clusion that methods DC, MB and MS leaves the ghee sam-
ples with slightly different nutritional values. The clustering of
ghee samples extracted through DC and MB method on neg-
ative side of PC1 axis shows that they have more similar
molecular composition as compared to ghee samples extracted
by MS method.

The variations in intensity between the emission peaks of
buffalo ghee samples show different concentration of the same
molecular structures. Therefore, the relative intensity of ghee
samples extracted through MS methods looks slightly higher
at band positions of 410 nm as compared to DC and MB
samples. This can be used to infer that MS method might
retain relatively higher concentration of CLA as evidently
shown in Fig. 6a.

In order to distinguish the buffalo ghee samples on the
basis of DC, MB and MS methods, loading vectors were pro-
duced and analysed to find the molecular basis for the separa-
tion of data shown in Fig. 6b. The loading vectors for PC1 and
PC2 were produced between three pairs of buffalo ghee sam-
ples extracted by DC & MB, DC & MS and MB & MS
methods, as shown in Figs. 7, 8 and 9. Figure 7a shows com-
parison of spectra of buffalo ghee samples extracted through
DC and MB methods. Minute spectral variations can be ob-
served at 390, 440 and 475 nm. Figure 7b shows PCA scatter
plot with 88% variance in PC1 and 5% variance in PC2 where
buffalo ghee samples extracted though DC method clustered
on the positive side while ghee samples extracted throughMB
method clustered towards negative side of PC1 axis. The cor-
responding loading vectors shown in Fig. 7 (c, d) depicted that
the spectral features associated with DC samples are loaded
positively while those of MB samples are loaded negatively.

Evidently, positive loadings can be observed at fluores-
cence bands appearing at 390 and 475 nm and negative load-
ings at 425 nm which shows that features identified in Fig. 7b
are also featured in loadings of PC1 and PC2. This explana-
tion suggested that the classification of data in Fig. 7b is based
on the difference in relative concentration of molecular com-
position in both ghee samples extracted through DC and MB
methods which mainly appeared at band positions of 390 nm
(vitamins D, E and K), at 410 (CLA) and 475 nm (vitamin A).
Loadings of PC2 is noisy and can be ignored.

Similarly, Fig. 8a shows comparison of buffalo ghee sam-
ples extracted through DC and MS methods with prominent
spectral variations at band positions of 410 and 475 nm.
Figure 8b shows PCA scatter plot of buffalo ghee samples
obtained by DC method clustered towards negative side and
by MS method towards positive side of PC1 axis which fol-
lows from the spectral features of former are loaded negatively
while of the later are loaded positively as shown in Fig. 8 (c,
d). PC1 explains 97% variance while PC2 explain 1% vari-
ance in data set, which shows that PC1 persist maximum
variance between two data set showing that both ghee types
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are different from each other. Loadings of PC1 shows that
band at 410 nm loaded positively while at 475 nm loaded
negatively. The loading vectors shows that both ghee types
extracted by DC and MS methods differ slightly in relative
concentration of biomolecules emerging at these two band
positions of 410 nm (CLA) and 475 nm (vitamin A) which
also feature in the emission spectra shown in Fig. 8a. There is
no separation between buffalo ghee samples extracted by DC
and MS methods along PC2 axis because the loading of PC2
is noisy and does not show any spectral signatures which
varies along positive and negative of PC2.

In third comparison between buffalo ghee samples extract-
ed through MB and MS methods is shown in Fig. 9a with
prominent spectral variations evolving at band positions of
410 and 475 nm. Figure 9b shows PCA scatter plot between
PC1 and PC2 for buffalo ghee samples extracted through MB
and MS methods. PC1 shows variance of 96% and PC2 2%
between two data set. PCA scatter plot completely separates
two data set verifying the fact that buffalo ghee samples ex-
tracted by MB and MS methods are different from each other.
Loadings of PC1 are shown in Fig. 9c where band position at
410 nm loaded positively while at 475 nm loaded negatively.
It means that separation between two ghee samples is based on
the difference in relative concentration of biomolecules
appearing at similar band positions of 410 nm (CLA) and
475 nm (vitamin A) induced by MB and MS extraction
methods. Figure 9d shows loadings of PC2 where emission
band at 440 nm is loaded positively which verifies the fact that
MS extraction method may retains relatively different concen-
tration of CLA appearing around 440 nm as compared to MB
method.

Above discussion suggested that the methods MB, DC and
MS produce buffalo ghee with varying nutritious values.
Overall, MS extraction method can be proposed to appear
with higher concentration of vitamins appearing at emission
band position of 390 nm and CLA at 410 nm. DC extraction
method looks to preserve relatively higher concentration of
vitamin Awhile MB method retains relatively low concentra-
tion of CLA and vitamins as compared to other two methods.

Conclusion

The potential of Fluorescence spectroscopy along with
chemometrics has been utilized to investigate the effect of
ghee extraction methods on the molecular composition of buf-
falo and cow ghee. It has been found that the extraction
methods cast prominent effects on the nutritional values of
ghee, which have been verified qualitatively. Results have
shown that for cow ghee, MS extraction method retains rela-
tively higher concentration of beta-carotene as compared to
DC and MB methods while DC and MB methods can be
chosen for preserving relatively more concentrations of

vitamins D, E and K. However, no spectral variations were
observed for CLA in cow ghee obtained by three methods.

Similarly, for the extraction of buffalo ghee, MS method
found to retains relative higher concentration of CLA, DC
extraction method preserves relatively higher concentration
of vitamin A and MB extraction methods evidenced to pre-
serve relatively low concentration of vitamins and CLA as
compared to other methods. As a result, present studies sug-
gested that MB or desi method is not superior among others
and every method has some benefits upon others regarding
vitamins, beta-carotene and CLA.
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