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ABSTRACT

Desi ghee (clarified butter fat) has been an integral part of Indian traditional foods and medicine
systems. It is highly cherished in food and pharmaceutical industries and consumed widely in Asian
and middle east countries. Ghee contains about 65% saturated fatty acid, 32% mono-unsaturated fatty
acid, and 3% polyunsaturated fatty acid. Higher intake of saturated fat and cholesterol increases the
risk of cardiovascular diseases, obesity and type 2 diabetes. Yet the craving for that natural flavour
and aroma associated with desi ghee food products still lingers. Instead of avoiding direct
consumption of ghee, it would be more practical, significant and scientific to modify structure,
texture, and functionality of desi ghee while maintaining the acceptability and flavour components
comparable with the original product. Isolation and encapsulation of volatile flavour compounds from
desi ghee for development of low fat and reduced cholesterol food products would be a novel
approach to provide the flavour of desi ghee to people who cannot consume it owing to health
constraints. With this background, the present research was designed to understand the rheological
properties of desi ghee, isolate and encapsulate its volatile flavour compounds, and estimate the shelf-
life stability and sensory quality attributes of the encapsulating powder desi ghee flavour.

Rheological characteristics of desi ghee were analysed using a dynamic rotational and oscillatory
rheometer. Headspace (HS), simultaneous distillation extraction (SDE), sub-critical CO, extraction-
headspace (SCF-HS) and sub-critical CO; extraction-simultaneous distillation extraction (SCF-SDE)
were compared for GC/MS analysis of volatile profile of desi ghee. Effect of sub-critical CO;
extraction process on recovery of volatile flavour compounds viz., &-dodecalactone, &-
tetradecalactone, 3-ethyl-3-methyl heptane, myristic acid (C14:0), palmitic acid (C16:0) and total
extraction yield were studied. Encapsulation of the obtained extract was carried out by spray drying.
Whey protein concentrate (15 to 22% w/w) and guar gum (0.1 to 0.5% w/w), were used as wall
material and binding agent, respectively. The concentration of the ghee extract was varied from 10 to
15% (w/w) to maintain the total solid level in the emulsion within the range of 25 to 38% (w/w). A
Box-Behnken experimental design was used for conducting the experiments. Encapsulation
efficiency, process yield, solubility index, and flavour retention were measured as responses.

Moisture sorption isotherms of the encapsulated particles were determined at 25, 35 and 45 °C over a
water activity range of 0.11 to 0.93 using saturated salt solutions. Guggenheim-Anderson-de Boer
(GAB), Brunauer—Emmett—Teller (BET) and Caurie models were fitted to sorption data. Accelerated
shelf-life of the encapsulated particles packed in aluminium foil laminated polyethylene package was
estimated at 35°C and 90% relative humidity. Stickiness moisture content at which caking was
observed, was considered the limiting value for shelf life estimation of the particles based on moisture
absorption, while a peroxide value of 0.3 mEqg. of O, per kg fat was taken as the threshold limit for
oxidative rancidity. Sensory evaluation of the encapsulated particles when reconstituted, was carried
out using Fuzzy comprehensive modelling.

Results showed that the flow behaviour of desi ghee samples tend to shift from pseudo-plastic to
Newtonian nature with increase in temperatures and shear rate. Out of four rheological models,
Ostwald model was found to be superior in predicting the shear rate-stress data at 18°C, whereas
Ostwald-de Waele and Herschel-Bulkley models predicted all the data points over the temperature
range of 24 to 30°C. The value of flow behaviour indices ranged from 0.224 to 0.911 over the entire
range of temperature, inferring that desi ghee samples displayed non-Newtonian shear thinning. The



value of activation energy was found to be 1.98x10° kJ.mol=over the entire temperature range and the
Cox—Merz rule was found be not applicable to the ghee samples.

Application of four isolation techniques followed by GC/MS analysis i.e., HS-GC/MS, SDE-GC/MS,
SCF-HS-GC/MS, and SCF-SDE-GC/MS could identify a total of 129 nos. of volatile compounds in
desi ghee. The volatile compounds identified were mainly lactones, aldehydes, ketones, esters, acids,
hydrocarbons, and alcohols. Among the four analytical approaches, HS-GC/MS, SDE-GC/MS, SCF-
HS-GC/MS, and SCF-SDE-GC/MS could individually detect 5, 41, 4, and 110 nos. of compounds,
respectively. The key volatile flavour compounds such as 6-dodecalactone, -tetradecalactone, and 8-
octadecalactone could be detected in the concentration of 121.3, 69.34 and 130 ng.g?, respectively.
Minimum and maximum values of extraction recovery of &-dodecalactone, 6-tetradecalactone, 3-
ethyl-3-methylheptane, myristic and palmitic acid were found to be 0-288.22, 0-503.12, 0-142, O-
1894.86, and 73.6-4270 ng.g?, respectively. The extraction yield was observed to vary from 1.83-
17.14 % (w/w). Extraction pressure had a positive effect on the extraction recovery of all the five
flavour compounds. Optimum SC-CO; extraction parameters with respect to maximum recovery of 5-
dodecalactone, 6-tetradecalactone, 3-ethyl-3-methyl-heptane, and total extraction yield, and minimum
recovery of myristic and palmitic acid in the extract were found to be pressure = 7 MPa, temperature
=10°C, and time =66 min.

The optimum combination of whey protein concentrate, guar gum and ghee extract for maximum
process yield, encapsulation efficiency, solubility index and flavour retention were found to be 15%
(w/w) ghee flavour, 15.76% (w/w) whey protein concentrate and 0.1% (w/w) guar gum. At this
optimum combination, the encapsulation efficiency, process yield, solubility and flavour retention for
d-dodecalactone and d-tetradecalactone were predicted to be 53.24%, 79.03%, 81.46%, 66.38%, and
78.32%, respectively, which were observed to be very close to the respective measured values.

The sorption isotherms reflected Type Il BET sorption characteristics at 25, 35 and 45°C. GAB and
Caurie models were found superior in predicting the moisture adsorption of encapsulated particles
over the entire range of water activity. The monolayer moisture content values calculated by the best-
fitted GAB and Caurie models were found to be 0.055, 0.052 and 0.047, and 0.053, 0.051, and 0.049
kg per kg dry solids at 25, 35 and 45 °C, respectively. Stickiness moisture content of the ghee flavour
containing powder was observed to be 0.80 kg per kg dry solids. Out of two criteria viz., caking and
oxidative rancidity, occurrence of caking was observed to take place prior to rancidity. The predicted
shelf life of the powder was found to be 298.98 days while the actual shelf life was observed to be
288 days. The sensory quality attribute ranking of the encapsulated particles was: aroma > taste >
colour.

In conclusion, the ghee flavour encapsulated with whey protein concentrate and guar gum could be
utilized for the formulation of low fat and reduced cholesterol based food products. Also, the
encapsulated ghee flavour could be utilized as an additive or ingredient in formulation of various food
products such as mayonnaise, spread, etc., as and when desired to provide the taste and flavour of desi
ghee. Also, the study would improve food safety and quality of desi ghee widening its value addition
and utilization pattern in food and pharmaceutical industries.

Keywords: Desi ghee; Flavour; Rheology; Volatile isolation; Subcritical fluid extraction; Flavour
encapsulation; Spray encapsulation; Encapsulation efficiency; Moisture sorption isotherms
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