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Abstract

The present study is proposed with the specific objectives to study the physico-chemical, rheological, and
sensory changes in Ghee during conventional and sub-baric frying and proposed the superiority of sub-
baric by repeated use of Ghee. For conventional methods the Gulabjamun balls were fried at 145 °C for
two different time periods of 5 min and 10 min, for sub-baric frying conditions three levels of frying
temperature viz. 120, 135 and 150 °C had been selected, and the product was fried at each of the selected
temperature for 5 min under a vacuum of 400 mm Hg. Thus, 15 samples of Ghee were collected after
each set of frying and used for Chemico-physical and sensory evaluation. Two-way ANOVA was
employed to determine the significance differences in data between the 3 temperatures and frying cycles
for sub-baric frying experiments. As the frying cycles progressed, the Peroxide value, TBA value and
viscosity of the Ghee samples increased over the frying cycles, while lodine value decreased over the
frying cycles. Generation of Free fatty acids in the Ghee samples were marginal, its appearance was
significantly delayed in the sub-baric processed samples at lower temperatures. The colour values,
primarily the L*, a* and b* values were indicative of a yellowish hue, the trend of Chroma and
Yellowness Index derived from the colour data were indicative of a loss of yellow colour was lesser with
progression of frying cycles under sub-baric frying condition. The study revealed that Ghee as a frying
medium was more stable during repeat frying cycles under sub-baric frying process when compared to
conventional frying, especially at the lower temperatures of sub-baric frying.
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Introduction

Ghee is a popular traditional dairy product in India and many countries in Middle East,
prepared by clarification of milk fat (cream or butter). Ghee is characterized with a typical
savoury, nutty and buttery flavour and is considered to be a superior cooking medium as
compared to oils, primarily because of the unique flavour it imparts to the product. Various
studies have been done on the thermal stability of Ghee under conventional heating process [*-
2]

Frying, a complex unit operation, is essentially a cooking process that has been widely used in
the food industry. Deep-fat frying (DFF) of food is a common cooking technique,
conventionally carried out by immersion of foods in frying oil, mostly at temperatures above
the boiling point of water, bringing about a counter-flow of water bubbles and oil on the
surface of the product (¥l DFF operations are usually performed at high temperature (> 140 °C)
under atmospheric pressure. The frying process triggers a chain of heat induced reactions in
the product such as gelatinization of 14 starch, denaturation of proteins, hydrolysis,
development of flavours, Maillard browning, caramelization and inactivation of enzymes
resulting in the development of typical physico-chemical, textural and sensory attributes, that
enhances the overall acceptability of the fried food .

The interactive effect of high temperatures employed during the frying process with the
atmospheric oxygen and moisture released during the frying process is reported to cause
thermal breakdown to the constituents of the fat/oil, especially for medium rich in
polyunsaturated fatty acids (PUFA). This breakdown sets a chain of reactions that ultimately
result in the formation of several oxidative and hydrolytic products, polymerization,
isomerization and/or cyclization of the constituents leading to irreversible changes to the
physico-chemical and sensory profile of the frying medium B,
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Since the frying process is a simultaneous heat and mass
transfer process, the alteration in the physical properties of the
frying medium, especially, viscosity and conductivity have a
direct impact on the heat and mass transfer efficiency of the
system. Also, during frying, a two-way mass transfer is
observed, moisture loss from the product to the frying
medium along with a simultaneous fat uptake by the fried
product . However, as the frying cycles progress, the
degradation products accumulate and is transferred to the
product through the fat uptake, hampering the flavour and
colour of the product. Further, the frying process has also
been widely implicated in producing adverse health effects
due to the chemicals formed in the product during frying (e.g.,
acrylamides) or due to degradation products generated in the
frying medium, especially, on repeated cycles of frying ['l.
Several attempts have been reported in literature to improve
the thermal stability of frying medium, primarily through
blending the PUFA rich oils with monounsaturated
counterparts in suitable proportions [ or by the addition of
antioxidants, both natural and synthetic . It has also evolved
that sub-baric frying or vacuum frying that is carried out at
pressures well below atmospheric level, could improve the
oxidative stability of the frying medium 1%, The enhanced
stability is attributed to the system being closed in nature,
lower boiling point due to reduced pressures and lower
exposure to oxygen. Concurrently, during sub-baric frying, it
is reported that the boiling points of frying oil and moisture in
food decreases, increasing the rate of heat transfer to the
interior of food and shortening the frying time. The effect of
sub-baric frying on the thermal stability of different vegetable
oils is widely reported [1*-12],

Reports indicate Ghee is susceptible to thermal oxidation
while conventional frying methods and products of
degradation include FFAs and polymers 81, But however,
there is no reported literature on the stability of Ghee under
vacuum frying conditions. So, to fill that research gap the
present study was conducted to analyse the effect of thermal
degradation on oxidative stability of Ghee under sub-baric
frying conditions and comparing with conventional frying
conditions.

Materials and Methods

Cow Ghee was procured locally from the Nandini Milk
Products, a subsidiary unit of Karnataka Milk Federation
(KMF), Bengaluru, India. For preparation of Gulabjamun,
cow milk sourced from the Experimental Dairy Plant of
ICAR-National Dairy Research Institute, Bengaluru, India
was standardized and converted to Khoa, which was used as
base material for the preparation of the product. Maida
(refined wheat flour) and baking soda were sourced from the
local supermarket.

Gulabjamun balls preparation

The procedure for preparation of Gulabjamun standardized by
(141 was adopted for the study. For that Khoa was prepared by
the continuous evaporation with constant stirring of the
standardized milk in an open steam-jacketed kettle (steam
pressure: 196.13 kPa) to a semi solid dough - like mass.
Figure 1 demonstrates the preparation of fried Gulabjamun
balls. At first, the prepared Khoa (100g) along with Maida
(30g), and 0.6% baking powder (only for conventional frying
samples) and water (as per the afore-mentioned computation)
was kneaded to a homogenous mass in an orbital mixer
(Make: M/s Lalith Industries, Bangalore, India) for 5 min to
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obtain the product dough.

Frying of Gulabjamun
conditions

The dough was manually divided into weighed portions of 10
g each and carefully rolled to smooth spherical balls. Ghee
was heated in a thermostatically controlled atmospheric mini-
fryer and the prepared Gulabjamun balls were carefully
immersed into the hot Ghee bath. The Gulabjamun balls were
fried at 145 °C for two different time periods of 5 min and 10
min, until a golden-\brown crust was obtained.

under conventional frying

Frying of Gulabjamun under sub-baric frying conditions
The product dough was prepared without the addition of
baking powder. Portioned and rolled Gulabjamun balls were
prepared and fried in an in-house fabricated sub-baric thermal
processor (SBTP) unit.

Raw milk

!

Standardization

Transfer to Khoa kettle (196.13 kPa pressure)

!

Continuous heating and desiccation
Khoa
Add Maida (@ 30% of khoa)

Knead in orbital mixer

!

Portioning into round balls (10 g, dia - 25 mm)

!

Frying in Ghee

Fried Gulabjamun balls

Fig 1: General flowchart for preparation of fried Gulabjamun

Three levels of frying temperature were selected for the study,
viz. 120, 135 and 150 °C, and the product was fried at each of
the selected temperature for 5 min under a vacuum of 400 mm
Hg. Frying experiments for each of the frying experiments,
both under conventional and sub-baric conditions, the product
was fried for three consecutive shifts for the prescribed
duration (5 min / 10 min) for 5 cycles at hourly intervals, i.e.,
on the first day, for the first cycle, Gulabjamun balls were
fried for 5/ 10 min, fried balls were withdrawn and a sample
of 40 ml of the frying medium (Ghee) was collected for
analysis after cooling of the Ghee bath. After a lapse of one
hour from the end of the first frying cycle, fresh Gulabjamun
balls were loaded into the fryer and the process repeated for
the second cycle of frying and so on and so forth for five
cycles for either method of frying. Adequate care was taken to
ensure that for each frying cycle, the ratio of mass of product
to Ghee was maintained constant. The five cycles of frying
were repeated over three shifts spaced 8h apart to complete
one set of frying experiments. Thus, 15 samples of Ghee were
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collected after each set of frying, which were immediately
stored at -20 °C before analysis. Analysis of each sample was
carried out within 3-5 days from collection.

Peroxide value: For determination of peroxide value of Ghee
samples, the method as described in IS: 3508 (1966) was
applied.

Thiobarbituric acid (TBA) value: For determination of
thiobarbituric acid (TBA) value of Ghee samples, colorimetric
method proposed 84 by 6 was applied. For that molten Ghee
sample (0.1 g) was accurately weighed into a 15 ml stoppered
centrifuge tube, to which 1 ml of trichloroacetic acid and 2 ml
of TBA reagent were added. The contents were incubated in a
boiling water bath for 15 min and then cooled under running
tap water. Solvent (1 ml of glacial acetic acid and 2 ml of
chloroform) was added to the tube and the contents were
mixed well using a vortex mixer. It was then centrifuged for
4-5 min at 3000 rpm to obtain two clearly separated layers.
The supernatant layer was decanted carefully into a cuvette
and its OD was measured at 532 nm using a
spectrophotometer. Readings were also recorded for a Blank
sample prepared using only the reagents used for this analysis.

lodine value: Todine value was determined using the Wij’s
method as described 1. A sample of clear Ghee (0.4 to 0.45
g) filtered of suspended residues was transferred into an
Erlenmeyer flask. Carbon tetrachloride (20 ml) was added to
the flask and the sample was dissolved in it by swirling the
flask; this was followed by the addition of 25 ml of Wij’s
reagent. The flask was stoppered, its contents properly mixed
and left standing in the dark for 1 hour. At the end of the hold,
20 ml of potassium iodide solution was added followed by
addition of 150 ml of distilled water. The solution was
properly mixed and then titrated against 0.1 N sodium
thiosulfate solution until yellow-brown colour almost
disappeared. About 1-2 ml of 1% starch indicator was added
and titration was continued until the disappearance of the blue
colour. An estimation of the blank sample using all the
reagents listed above (without Ghee) was also carried out
simultaneously.

Free fatty acid (FFA) value: The FFA content of the Ghee
samples were determined by the titration method described in
(151, About 5 g of molten Ghee sample was taken in 250 ml
conical flask along with 50 ml of freshly neutralized 95%
ethanol and 1 ml of phenolphthalein indicator. The mixture
was heated for about 5 min in a boiling water bath and titrated
while hot against standard 0.1 N sodium hydroxide solution
with vigorously shaking. The FFA content of the sample,
expressed as % oleic acid.

Colour parameters: The colour parameters of the Ghee
samples were derived using image analysis. The Ghee
samples (5 g) were accurately weighed in to steriplan
petridish (50 mmx15 mm), placed on the flat bed of the
scanner (Canoscan 9000F mark 11) and the scanned images of
the Ghee samples were acquired following the protocol
standardized by 81, The images of the samples were acquired
in photo mode using the supporting software of the scanner,
imported to Adobe Photoshop and the Lightness (L) and
chromatic parameters (a and b) of the image were obtained
through the histogram method in Lab mode as described in
(191 The value obtained was converted in terms of CIELAB,
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lightness (L*) ranging from zero (black) to 100 (white), a*
ranging from +60 (red) to -60 (green) and b* ranging from
+60 (yellow) to -60 (blue). These values were used to derive
colour descriptors like chroma, yellowness index by
computation using appropriate equations 21,

Viscosity of Ghee: The viscosity of the Ghee samples was
determined using a clean Cannon-Fenske viscometer. The
viscosity of the Ghee samples was determined in terms of its
kinematic viscosity following the standard procedure for
recording efflux time for free-flowing sample equilibrated to
40 °C through a fixed distance in the viscometer stem %, The
kinematic viscosity was calculated by multiplying the efflux
time by the viscometer constant, determined by using
viscosity of known liquid.

Butyro-refractometer (BR) reading: BR reading of the
samples were determined by the method described in IS,
S.18 (Part XI)-1981. The temperature of refractometer was set
to 40£0.1 °C using a thermostatically controlled hot water
bath. The prism of the instrument was cleaned with a cotton
plug moistened with ethyl alcohol and allowed to dry, and
refractometer was calibrated with the standard provided by
the company. A drop of molten Ghee sample was placed on
lower prism of the refractometer and closed by placing upper
prism over it and held for 2 min. The most distinct reading
(after adjusting the mirror) at 40 °C was recorded as the BR
reading of the sample.

Sensory evaluation of Ghee: The organoleptic quality of
Ghee samples drawn in the study was also evaluated
subjectively. A small volume of each sample of Ghee was
presented to a panel of judges who were asked to rate the
samples for its sensory attributes in terms of colour and
appearance, flavour, body and texture, and overall
acceptability on a 9-point hedonic scale, wherein a score of 1
represented ‘dislike extremely’ and score of 9 represented
‘like extremely’.

Statistical analysis: Two-way ANOVA was employed to
determine the significance differences in data between the 3
temperatures and frying cycles for sub-baric frying
experiments. Two-way ANOVA was also applied to
distinguish the data between sub-baric frying at 150 °C and
conventional frying at 145 °C across the frying cycles. A
value of p<0.05 was considered to be significant.

Results and Discussion

During deep-fat frying, various deteriorative chemical
processes, such as hydrolysis, oxidation, and polymerization
take place and Ghee decompose to form volatile products and
non-volatile monomeric and polymeric compounds. Chemical
changes during frying increase FFA, carbonyl compounds,
and polymeric compounds and decrease fatty acid
unsaturation. Ghee samples drawn from the lot following the
frying protocols across 5 frying cycles in 3 shifts for
conventional and sub-baric frying were individually analyzed
for its stability based on the selected chemical and physical
parameters and sensory evaluation. In this study, to analyze
the degree of thermal degradation of Ghee peroxide value,
TBA value, iodine value, FFA value, viscosity, BR reading,
colour index was employed.

Peroxide value: Peroxides (R-OOH) are known to be the
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primary reaction products of the fat oxidation and are formed
during the initial stages of oxidation Y. Hence, peroxide
value (PV) is widely considered as an indicator of the
progress of lipid oxidation. The mean value of peroxide value
of Ghee samples subjected to conventional frying and sub-
baric process across the selected 15 frying cycles is presented
in Figure 2. It was observed that the average initial values of
PV observed in Ghee (before frying was 0.79 meq O2 / kg fat.
As the frying progressed, during the first 5 cycles of frying
(i.e., shift 1) there was a marginal increase in the PV values to
1.4 to 2.6 meq O2 / kg fat for the Ghee subjected to sub-baric
frying. Comparatively, the values for the samples subjected to
conventional frying under atmospheric pressure, the PV
values were obtained as 10.30 and 15.10 meq O2 / kg fat after
frying for 5 and 10 min. The effect of temperature on the lipid
oxidation process was observed in the sub-baric process in the
2nd shift and after the 10th cycle of frying the value for the
sub-baric process was 3.20, 4.20 and 8.50 meq O2 / kg fat at
120, 135 and 150 °C, respectively.

Comparatively, the values for conventional frying for 5 and
10 min were significantly higher at 28.30 and 48.50 meq O2 /
kg fat. After the 3rd shift, i.e., at the end of 15 cycles of
frying, the peroxide values were 4.30, 8.00 and 17.50 meq O2
/ kg fat for the sub-baric frying samples at 120, 135 and 150
°C, respectively, while for the conventional samples, the
values were 46.30 and 72.80 meq O2 / kg fat after frying for 5
and 10 min. Thus, the trend obtained clearly indicated that
sub-baric frying reduced the rate of lipid oxidation in Ghee
during frying even at high temperatures and is attributed to
the reduced O2 present within the fryer environment. These
results are in accordance with the studies on changes in
characteristics of palm oil during vacuum and atmospheric
frying conditions reported during frying of sweet potato 22,
The lower peroxide value for sub-baric frying has been
attributed to the less amount of oxygen was in contact with
frying medium while frying.

Peroxide value (meq. of O, /kg of fat)
80
70
60
50
40
30
20
10

0 2 4 6 8 10 12 14 16
No. of frying cycles

Atm (5 min) 120°C 135°C 150°C

=== Atm (10 min)

Fig 2: Peroxide value distribution of Ghee subjected to conventional
and sub- baric frying

TBA value: Estimation of TBA value, as an indicator of lipid
oxidation, is considered a very sensitive and useful method
for quantifying lipid oxidation [l The TBA value of Ghee
subjected to conventional and sub-baric frying is presented in
Figure 3.

The fresh Ghee samples reported a mean TBA value of 0.014
and at the end of the 5th cycle of frying, the TBA value of the
sample subjected to conventional frying for 5 and 10 min was
0.20 and 0.47, respectively.
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In contrast, the values obtained for the samples drawn during
sub - baric frying at 120, 135 and 150 °C was 0.017, 0.032
and 0.044, respectively, clearly pointing to a 90% reduction in
the increase in TBA value due to sub-baric frying. For the
samples processed under sub-baric condition at 120 and 135
°C, showed a progressive increase in its values, reporting a
TBA values of 0.033 and 0.148, respectively at the end of the
15th cycle of frying. In comparison, the values for the Ghee
drawn from the conventional frying process for 5 and 10 min
and sub-baric frying process at 150 °C was similar at 0.46,
0.49 and 0.48, respectively. The interesting trend to note from
Fig. 2 is that the conventional frying samples achieved a peak
TBA values of 0.58 and 0.65 at the end of the 9" cycle of
frying, thereafter, recording diminishing values with
progressive frying cycles. This reduction in TBA value after
reaching a critical threshold value could be attributed the
effect of various factors such as high temperature interaction
of malondialdehyde with multiple compounds rather than the
development of secondary lipid oxidation products alone [23-
25]. Sub-baric frying at 150 °C resulted in continued increase
in TBA value up to the 15 cycle, implying that the sample
was Yet to reach the critical value.

TBA value (OD at 532 nm)
07
06
0.5
0.4
03
02
0.1

0.0
0 2 4 6 8 10 12 14 16

No. of frying cycles

=@ Atm (10 min) Atm (5 min) 120°C 135°C 150°C

Fig 3: TBA value distribution of Ghee subjected to conventional and
sub-baric frying

Free fatty acids (FFA): Presence of free fatty acids (FFA) in
Ghee is considered as an indication of hydrolytic rancidity,
though it is also postulated that some free fatty acids may
appear in the oils because of oxidative breakdown pathways.
During frying, the moisture released by the fried product
combined with the high temperature trigger the hydrolytic
breakdown of fat constituents 211, Once generated, the amount
of FFAs in the frying medium increase with each cycle and its
oxidative product led to development of off-flavour.

The free fatty acid of Ghee subjected to conventional and sub-
baric frying process in the study is presented in (Table 1). It
can be seen from the data presented, that there was no
significant change in the FFA content for all the frying
treatments evaluated (conventional and sub-baric) after the 1%
shift of frying. The first increase in FFA content was from
0.338 to 0.367% Oleic acid was reported after the 6th cycle of
frying under conventional process for 10 min. The first
increase in FFA content in the Ghee sample subjected to
conventional frying process for 5 min was observed at the end
of 8th cycle. In contrast, the Ghee subjected to sub-baric
frying did not report any change in its FFA content till the end
of the 13th, 11th and 9th cycle for frying at 120, 135 and 150
°C, respectively.
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Table 1: Mean free fatty acid value (% Oleic Acid) for Ghee subjected to conventional and sub-baric frying for 15 frying cycles

No. of frying cycles Conventione_ll fryi_ng (145 °C) Sub-baric fr_ying (400 mm Hg, 5 min)
Frying Time Frying Temperature

5 min 10 min 120 °C 135°C 150 °C

0 0.338° 0.338° 0.338° 0.338% 0.338%
1 0.338° 0.338° 0.338° 0.338% 0.338%
2 0.338° 0.338° 0.338° 0.338% 0.338%
3 0.338 2 0.338° 0.338° 0.338% 0.338%
4 0.338° 0.338° 0.338° 0.338% 0.338%
5 0.338° 0.338° 0.338° 0.338% 0.338%
6 0.338° 0.367° 0.338° 0.338% 0.338%
7 0.338° 0.367° 0.338° 0.338% 0.338%
8 0.367° 0.395°¢ 0.338° 0.338% 0.338%
9 0.367° 0.395°¢ 0.338° 0.338% 0.367°
10 0.395°¢ 0.395°¢ 0.338° 0.338% 0.395°¢
11 0.395°¢ 0.4231 0.338° 0.367° 0.395°¢
12 0.395°¢ 0.4231 0.338° 0.395°¢ 0.395°¢
13 0.423¢ 0.451°¢ 0.367° 0.395°¢ 0.395°¢
14 0.423¢ 0.451 ¢ 0.395° 0.395°¢ 0.395°¢
15 0.451°¢ 0.451°¢ 0.395° 0.395°¢ 0.395°¢

Data with identical superscripts in a column are not significantly different, p<0.05

Viscosity: The viscosity of Ghee samples subjected to
conventional and sub-baric frying is presented in Figure 4.
From the Fig. it is observed that the viscosity of Ghee
progressively increased across all treatments evaluated with
each frying cycle. However, the increase in viscosity was
more rapid when the Ghee was heated under the conventional
process for 10 min. The initial viscosity of Ghee samples was
recorded as 34.58+0.61 cP; the viscosity of the Ghee samples
at the end of 15th cycle of frying was 38.23+0.20, 38.23
+0.37, 38.98 +0.25 and 38.48+0.42 cP for conventional frying
for 5 min and sub-baric frying at 120, 135 and 150 °C,
respectively. The corresponding reading obtained for the
conventional frying for 10 min was 40.22+0.28 cP. It has
been reported that the increase in viscosity of the frying
medium is closely correlated to the polymerization of fat
constituents 22 261, Had reported that the viscosity of frying oil

under vacuum showed no significant change even after 8 days
of frying cycles. However, the results recorded in the
experiments contrasted with this report.

Butyro refractometer reading (BR)

Butyro refractometer reading is a measure of the index of
refraction between air and liquid fat and varies with the nature
of fat [¥7], It was anticipated that the degradation of the fat
constituents of Ghee during the frying cycles would alter its
optical properties, influencing the BR value. However, it was
observed that the frying protocols for both conventional and
sub-baric process through the 15 cycles did not exert any
significant influence on refractive index of Ghee and the
value recorded remained steady at 41 at 40 °C through all the
replications recorded in the study.

40
39

38

37 A=
36 _
35 /
34

33

0 2 - 6

@ Atm (10 min)

Viscosity (cP)

8 10
No. of frying cycles
Atm (5 min)

12 14 16

120°C 135°C 150°C

Fig 4: Viscosity distribution of Ghee subjected to conventional and sub-baric frying

Colour index: Colour is an important physical index for the
quality and acceptance of frying medium, in fact it is
generally accepted that visual observation (primarily colour)
in addition to flavour is one of the criteria based on which
frying oils are rejected during repeated cycles. The change in

colour of the frying medium is attributed to two pathways,
either due to the accumulation of polymers in the frying
medium over the frying cycles or due to the migration or
leaching of colour pigments from the fried product into the
frying medium 2271,
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The colour of the Ghee subjected to conventional and sub-
baric frying at the end of each shift for all combination was
quantified using image analysis, the primary L, a, b data
obtained through the software was then converted to the
standard colour numerical values of L*, a* and b" values as
indicated by Yam and Papadakis (2004). L" values represent
the lightness of the sample, ranging from dark (L* = 0 being
black) and light (L* = 100 being white). The a"value
represents the green - red chromaticity, negative values
moving towards the green spectrum on the colour scale and
positive values channelling towards the red hue. Similarly, the
b* values represent the blue - yellow components on the
colour scale, yellow being represented by positive values and
the negative values indicating a blue colour scheme [28].
Among all the colour values expressed in terms of the L*, a"
and b" values only b" was significantly affected which was
extracted for the Ghee samples subjected to conventional and
sub-baric frying process as per the frying protocols identified
for this study, presented in Table 2.

It was noticed that as the frying cycles progressed, the b*
values progressively reduced indicating a shift in sample
colour from a brighter to a lighter shade of the same hue of
yellow (since the a* values are constant). The decrease in the
b* values was more prominent in the higher temperature
frying samples (both conventional and sub-baric) from the 6th
frying cycle onwards and there was no significant difference
between the samples from conventional frying (for both 5 and
10-min durations) (7.53 and 9.65, respectively) and the
sample subjected to sub-baric frying at 150 °C (8.00). The
values indicate that the samples reached a near grey shade of
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colour. Conversely, the samples subjected to sub-baric frying
at lower temperatures (120 and 135 °C), retained their colour
better than the other samples, the b™ value at the end of the
15" frying cycle was 38.59 and 21.88, respectively. This trend
was further elucidated by deriving the yellowness index of the
samples. (Figure 5)

The plot clearly indicates a rapid loss of yellowness in the
samples subjected to frying at higher temperature when
compared to the samples processed at 120 and 135 °C. Even
though the sample processed under sub-baric frying at 150 °C
equilibrated with the conventionally processed samples
towards the 3rd shift, its progression towards that value of
yellowness index was clearly slower than the conventionally
processed samples. The interactive effect of temperature and
oxygen was also found to be statistically significant for
yellowness index.

The yellow hue of cow Ghee is attributed to its carotene
content 81 and the loss of yellow colour and resultant
bleached appearance of the Ghee on repeat frying cycles is
indicative of a breakdown of this component due to thermal
oxidation.

Chroma is a measure of the saturation of the colour and is
representative of the vividity of the colour of the sample. The
basic colour values obtained for the Ghee samples processed
by the frying protocols were converted to chroma values and
the results is presented in Figure 6. Since the a* values of the
samples were near negligible, the chroma values closely
correlated with the b* values obtained and followed the same
trend.

Table 2: Mean values of yellow-blue colour index (b*) for Ghee subjected to conventional and sub-baric frying for 15 frying cycles

No. of frying cycles | Conventional frying (145°C) | Sub-baric frying (400 mm Hg, 5 min)
Frying Time Frying Temperature

5 min 10 min 120 °C 135°C 150 °C
0 48.94 49.65 53.65 53.88 47.53
1 46.59 47.76 49.41 47.53 44.71
2 44.47 42.82 47.06 45.41 40.00
3 40.71 32.94 46.59 43.53 39.53
4 34.82 24.47 43.76 40.94 34.35
5 24.00 16.71 47.06 40.71 32.94
6 23.06 11.53 46.12 37.88 31.06
7 20.71 9.41 42.82 36.00 27.76
8 18.35 8.71 41.88 36.00 22.12
9 13.18 9.18 38.59 34.35 18.35
10 10.82 8.71 40.00 32.94 13.65
11 8.47 8.94 44.24 32.00 9.88
12 8.00 9.18 40.47 29.41 8.94
13 7.76 9.41 41.41 26.82 8.94
14 7.53 8.94 39.53 25.41 8.00
15 7.53 9.65 38.59 21.88 8.00

Data with identical superscripts in a column are not significantly different, p<0.05

Sensory evaluation of the Ghee samples: The samples of
Ghee subjected to the frying protocols (both conventional and
sub-baric) after each frying cycle was presented to a panel of
judges for sensory evaluation and the mean values obtained
for the attributes of colour and appearance, flavor, body and
texture. From that overall acceptability (OA) was calculated,
which is presented in Table 3. From the data, it was clearly
deduced that the conventional frying samples recorded poorer

scores from the 1% shift itself, primarily due to poor color and
flavor. On the other hand, the sub-baric samples were more
acceptable to the panel of judges. Fat uptake in the fried
product is an important step in developing the quality
attributes of the product 1, and poorer sensory profile of the
frying medium may result in poorer quality attributes of the
fried product also.
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Fig 5: Yellowness index distribution of Ghee subjected to
conventional and sub-baric frying
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Fig 6: Chroma distribution Ghee subjected to conventional and sub-
baric frying

Table 3: Sensory Scores obtained for overall acceptability of Ghee
subjected to conventional and sub-baric frying

No. of . . o Sub-baric fryin

frying cycles Conventional frying (145°C) (400 mm Hg, 5ym?n)
Frying Time Frying Temperature
5 min 10 min 120 °CJ|135 °C|150 °C

0 8.9 8.9 89 | 89 9

1 8.3 8.3 87 | 85 | 85

2 8.0 7.8 85 | 85 | 85

3 7.5 7.2 85 | 82 | 82

4 6.8 6.5 83 | 82 | 82

5 6.0 5.5 82 | 82 | 78

6 5.5 5.2 80 | 78 | 77

7 5.2 4.7 80 | 7.7 | 6.8

8 4.8 4.5 80 | 73 | 6.7

9 4.7 4.3 7.5 7.2 6.3

10 4.2 3.8 75 | 70 | 6.0

11 3.8 3.2 73 | 68 | 53

12 3.8 3.0 72 | 65 | 52

13 3.7 3.2 70 | 62 | 52

14 3.3 2.8 6.7 | 6.2 | 50

15 3.3 2.5 63 | 58 | 5.0

Data with identical superscripts in a column are not significantly
different, p<0.05

Conclusions

As the frying cycles progressed, the peroxide value, TBA
value and viscosity of the Ghee samples increased over the
frying cycles, while iodine value decreased over the frying
cycles. The BR values were unaffected by the frying protocols
evaluated. Generation of Free fatty acids in the Ghee samples
were marginal, its appearance was significantly delayed in the
sub-baric processed samples at lower temperatures. The

https://www.thepharmajournal.com

colour values, primarily the L*, a" and b" values were
indicative of a yellowish hue in the Ghee samples, the trend of
chroma and yellowness index derived from the colour data
were indicative of a loss of yellow colour with progression of
frying cycles, possibly due to breakdown of the carotene
content of the samples on repeat frying. An interactive effect
of temperature and sub-baric environment on the physico-
chemical indices was deduced from the trends of the
experimental data and established by statistical significance.
Sub-baric frying was observed to significantly slow down the
degradation changes; at higher temperatures the rate of
changes equilibrated for the 3 shift. Sensory Analysis of the
Ghee samples indicated that the samples subjected to
conventional frying (at atmospheric pressure) were
unacceptable after the 1%t shift, while the sub-baric samples
were found acceptable up to the 3 shift. The overall
acceptability scores were influenced by the colour and flavour
of the Ghee samples after frying. The study revealed that
Ghee as a frying medium was more stable during repeat
frying cycles under sub-baric frying process when compared
to conventional frying, especially at the lower temperatures
recommended for sub-baric frying.
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