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Abstract

Flavour emulsion is used in a wide range of food products including carbonated
beverages, dairy products, confectionaries, and bakery products. Among its food
applications are extensive uses in bakery products due to its high heat resistant properties.
In flavour emulsion flavour oil is suspended in water phase and this water phase retains
flavour even if such flavour emulsion is used for high temperature food application like
baking. But flavour extracts are made by suspending flavour oil in alcohol. So, such
flavour extracts are not suitable for high temperature food processing, since alcohol
evaporates at high temperature. Thus, flavour emulsion is much better than flavour
extracts. The stability of flavour emulsion depends on the emulsifier used in making
flavour emulsion. Monocaprylin and dicaprylin are mono and diglyceride of medium-
chain fatty acids having very good emulsifying properties. The stability of flavour
emulsion can be improved by making use of mono and diglyceride as an emulsifier. The
present study focused on the development of stable flavour emulsion from fruit waste
using mono and diglyceride of medium-chain fatty acid as an emulsifier. The stable
flavour emulsion is made from orange oil, water and emulsifier using ultra high-pressure
homogenizer with 25 MPa pressure. Emulsifier mono and dicaprylin were synthesized by
the esterification reaction between glycerol and caprylic acid. The effect of various
combination of mono and dicaprylin is studied on the formation of stable flavour
emulsion. The higher monocaprylin content in the emulsifier combination showed
excellent results and a good synergistic effect on the stability of the emulsion. The
combination of mono: diglyceride which resulted in the formation of stable flavour
emulsion is 80:20 at 10% concentration, 2 passes and 25 mPa pressure in a high-pressure
homogenizer. The stability of flavour emulsion was investigated using a storage study.
The emulsion was found to be stable for 30 days at ambient temperature (25°C) and
refrigeration temperature (4°C) but showed low stability at 50°C.

1. Introduction

An emulsion is a mixture of two immiscible liquids

contains only one hydroxyl group it is more lipophilic
whereas monoglyceride which contains two hydroxyl

containing a continuous phase and dispersed phase.
Mono and Diglyceride are used as an emulsifier in
various food application. They account for about 70% of
world food emulsifier production and hence considered
as an important class of food emulsifiers (Norn, 2015).
When one position of glycerol is esterified with fatty
acid it forms monoglyceride. Monoglyceride contains
two hydroxyl group. In diglyceride two positions of
glycerol are esterified, hence diglyceride contains one
hydroxyl group. Depending on the hydroxyl group the
lipophilicity/hydrophilicity is decided. Since diglyceride
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group is more hydrophilic. This affects their
emulsification activity. Hence, they are wused in
combination. The emulsification effect of the

combination of mono and diglyceride will be more as
compared to their effect as a single emulsifier (Nicholson
and Marangoni, 2019). Jensen et al. (1961) reported
monoglyceride content in ice-cream as an emulsifier in
the range of 20.6 to 93.5%. Monoglyceride gave a
smooth texture and good emulsifying properties to ice-
cream. 20 different sample of ice-cream were collected
and were investigated for emulsifier content in it. Jenson
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et al. (1961) report a higher percentage of monoglyceride
which is used as an emulsifier. Monoglyceride and
diglyceride which are used as an emulsifier are mostly
containing long-chain fatty acid esterified to the glycerol
backbone. This includes oleic, linoleic acid (Jensen et
al., 1961). Hasan et al. (2014) investigated the formation
of a stable microemulsion of oil in water using mono and
diglyceride of medium-chain fatty acid along with
polyoxyethylene-25-glyceryl trioleate. Baer et al. (1997)
investigated the effect of emulsifier lecithin on the body
and texture of 2% fat containing ice-cream. The use of
an emulsifier also results in good consistency of ice-
cream and a reduction in time required for whipping. Loi
et al. (2019) studied the effect of various combination of
mono as well as diglyceride of saturated and unsaturated
fatty acid on protein stabilized model emulsions. More
monoglyceride content in the emulsifier mixture showed
a good result is achieving small droplet sizes. Food
industries across the globe make use of emulsifiers for
making a stable emulsion. Processed food products such
as ice-creams, sauces, carbonated beverages, cookies,
hard candy, soft candy etc. make use of emulsifiers
(Saifullah and Aziz, 2012). Flavours are used in food
industries for a very long time. Flavours are extracted
from plants, fruits etc. and they are stabilized using an
emulsifier (Saifullah and Aziz, 2012). These flavour oils
are extracted using solvent extraction, supercritical
carbon dioxide, cold pressing, ultrasound-assisted
extraction etc (Ropkins and Taylor, 1996; De Oliveira et
al., 2013; Mazzutti et al., 2020; Ordéiiez-Santos et al.,
2020). These extracted flavour oils are used in the form
of flavour emulsion or flavour extract in various
processed foods like beverages, bakery etc. The
benchmark of flavour emulsion in processed food is its
stability during processing and storage. This benchmark
can be achieved by using a good stabilizer and proper
emulsification process during the production of flavour
emulsion. In the present research, the higher stability of
flavour emulsion is ensured by use on ultrahigh-pressure
homogenizer. High pressure homogenizers are used to
make a homogeneous mixture of continuous phase and
dispersed phase. In homogenizers, mixture is forced to
pass through a small opening at high velocity. This
results in disruption of oil globules in to smaller ones.
Now, these small oil globules get dispersed in the water
phase as they pass through the homogenizer device.
These oil globules have ability to form cluster after first
stage of homogenization. To prevent the cluster
formation the mixture is passed through second stage of
homogenization. Thus, this process generates stable
emulsion. The final size of the resulting emulsion is
influenced by the viscosity of oil and water phases
(Wilde, 2019). Membrane emulsification techniques are
recent developments in emulsification processes that are
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widely used in foods, pharmaceuticals and cosmetic
products. These techniques have good control over the
stability of the final product (Spyropoulos et al., 2014;
Osorio-Arias et al., 2021). Fruit waste such as peels is
discarded after consumption. But these fruit peels are a
potential source of various bioactive including flavouring
compounds which are responsible for the aroma of fruits.
Citrus fruits are well known for their natural flavour and
mesmerizing aroma because of volatiles present which is
highly concentrated in peels of citrus fruits. The citrus
peels discarded after consumption of fruit can be utilized
for extraction of these flavours and their utilization in
processed foods (Wang et al., 2020). In the present work,
mono and diglyceride of medium-chain fatty acid are
used as an emulsifying agent for the formulation of a
stable flavour emulsion from fruit waste using ultrahigh-
pressure homogenizers.

2. Materials and methods
2.1 Material

Citrus peel oil was extracted in the lab, mono and
digcaprylin were synthesized in the lab by esterification
reaction, and distilled water was obtained from the
distillation unit present in the lab.

2.2 Collection of peels

Orange peels were collected and dried to reduce the
moisture content of orange peels to obtain maximum
extraction. The orange peels were dried in a drying oven
at 45°C for 5 hrs. The temperature was kept constant
during the drying process.

2.3 Extraction of oil from dried orange peels by cold
pressing

The cold pressing method is selected for the
extraction of oil since this process gives more yield and
retains the original properties of oil like fragrance,
flavour, purity and the resulting product is free from
impurities. The dried peels are milled into a paste using
heavy stones. As it is ground the oil is separated from the
peels. The oil is forced to move out from the press. The
oil is then transferred to a filter cloth for filtering oil to
remove impurities like part of the peel, fibre etc. After
filtration, oil is decanted to remove any sediments
present in the mixture. The obtained oil is further used
for the application. Since no heat is used in this process,
the natural volatiles aroma compound present in peels
are not lost and a higher yield is obtained.

2.4 Manufacturing of mono and dicaprylin

The emulsifier used in the process was manufactured
using an esterification reaction between glycerol and
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caprylic acid. The glycerol and caprylic acid on a molar
basis are taken in a three-neck flask along with a
catalyst. One neck of a reaction flask is connected to a
condenser for condensing water vapour in order for the
reaction to be conducted in a forward direction. The
reaction was carried out at 180°c for 8 hours. The
product obtained is a mixture of mono, di and tricaprylin.
These are separated by fractionation. The reaction
scheme is as followed:

Catalyst / Temperature

Glycerol + Caprylic acid Monocaprylin + H,O

Dicaprylin + H,O

Catalyst / Temperature

Glycerol + Monocaprylin

The obtained monocaprylin and dicaprylin were used
as an emulsifier for the development of flavour
emulsion.

2.5 Development of flavour emulsion

Initially, the oil phase and water phase are prepared.
The oil phase was added into the water phase along with
an emulsifier. The mixture was then kept on a magnetic
stirrer for mixing before the homogenization process.
70% of distilled water was mixed with 20% orange oil
and 10% emulsifier. The premixed mixture is then
homogenized using an ultra-high-pressure homogenizer.
Approximately 30 mL mixture is taken in a glass beaker.
This beaker is kept in a homogenizer and a collecting
pipe is inserted in the beaker. 9 mL mixture is collected
at a time, it is homogenized and the emulsified mixture is
dropped in another beaker kept at an outlet. The effect of
various passes and operating pressure was studied.
Passes are varied from 1-4 and pressure up to 25 mPa.

2.6 Analysis
2.6.1 Viscosity

Viscosity was performed using Brookfield
viscometer with LV 2 spindle for the best combination of
mono: dicaprylin. Viscosity measurement was carried
out in duplicate for all the sample of flavour emulsion.
The average viscosity was expressed as apparent
viscosity. Measurements of viscosity were observed with
a shear rate up to 100 s'. The shear rate of 100 s
resembles processes that are commonly used in food
industries like pouring, mixing, pumping, agitation
during the preparation of food emulsions (Shama and
Sherman, 1973). Viscosity was measured before and
after homogenization, to clearly understand the effect of
the homogenization process on the flowability of
emulsion.

2.6.2 pH

The pH of all the flavour emulsion was measured
using a pH meter at room temperature.
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2.6.3 Creaming index

The creaming index was determined by the visual
observation technique (McClements, 2007). All the
samples of flavour emulsion were poured into glass
bottles and these glass bottles were closed with a tight
lid; the glass bottles were stirred mildly to ensure proper
mixing and to make a homogeneous mixture and was
stored at 30°C. The creaming index refers to the ratio of
the height of cream over the total height of emulsion
when it is kept undisturbed.

2.6.4 Stability study

A stability study of all three flavour emulsion was
carried out at room temperature, cold temperature (4°C)
and high temperature (50°C) for 30 days. The sample
was kept in a glass beaker with screw caps. These bottles
were stored at three different temperatures i.e. room
temperature (25°C), refrigeration temperature (4°C),
oven temperature (50°C). The glass beakers were kept
undisturbed for 30 days with extra care not to disturb the
formed cream layer above the aqueous layer to get the
exact stability of emulsion over the storage period of 30
days.

3. Result and discussion
3.1 Effect of mono. dicaprylin on stability of emulsion

During the study, the effect of the ratio of mono:
dicaprylin on emulsion stability the homogenizer
pressure was kept constant at 25 Mpa. Three
combinations of mono: dicaprylin were made i.e.,
monocaprylin: dicaprylin 30:70, 50:50 and 80:20. It is
known that the synergistic effect shows good results as
compared to a single emulsifier (Nicholson and
Marangoni, 2018). The stability of flavour emulsion
during 30 days storage is represented in Figure 1. The
percentage stability is calculated using the following
expression

Original height of sample — Separation height

% Stability = * 100

Original height of sample

100
20
80
70
60
50
40
30

% STABILITY

30:70
20

10

50:50

80:20
5 10 15 20 25 30
STORAGE DAYS

Figure 1. Effect of emulsifier combination on the stability of
flavour emulsion
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It is clear from the figure that as the content of
monocaprylin increases in the combination of emulsifier
the stability of flavour emulsion also increases. For
30:70 combination of mono:dicaprylin there was a slight
separation in two layers at day 5 and stability was seen
as 95.5% which slowly decreased with an increase in
storage days and was observed as 70.37% after 30 days.
The % stability increased to 75.18% for the 50:50
combination after 30 days and was 92.59% for the 80:20
combination of mono: dicaprylin. This may be due to the
fact that monocaprylin contains two hydroxyl group as
compared to dicaprylin which has only one hydroxyl
group. Monoglyceride has more HLB value and is more
surface-active. Thus, the combination containing a
higher ratio of monocaprylin showed higher stability for
30 days, where other emulsifier ratios of mono and
dicaprylin showed moderate stability and there was a
decrease in the emulsion stability after 20 days.

3.2 Effect of homogenization passes on Flavour
emulsion stability

The ultra-high-pressure homogenizer is used for the
homogenization of flavour emulsion with a pressure of
25 MPa. The effect of homogenizer passes on storage
stability of flavour emulsion is shown in Figure 2. The
passes used for homogenization of flavour emulsion
were 1,2,3,4. The effect of number of passes was studied
keeping emulsifier combination constant as 80:20
(mono: dicaprylin). It is observed that when mixture of
flavour emulsion was passed twice from the high-
pressure homogenizer it showed good storage stability.
The flavour emulsion showed 99.2%, 95.5%, 91.85%
stability after 10, 20 and 30 days of storage respectively.
From Figure 2 it is observed when mixture of flavour
emulsion was given three and four passes there was only
marginal increase in the stability of flavour emulsion.
Three passes showed 99.6%, 95.5%, 92.2% stability after
10, 20 and 30 days of storage which was 100%, 95.5%,

100
99
98
97
96

95

% STABILITY

94
93

92
2 passes

91 3 Passes

4 Passes
90
5 10 15 20 25 30

STORAGE DAYS

Figure 2. Effect of homogenization passes on flavour
emulsion stability
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92.5% for sample which was given four passes in
homogenizer. The results obtained revealed that with
increase in the homogenization passes there is only
significant increase in the stability of flavour emulsion.
But keeping in mind the economy of the process on large
scale, the optimum homogenization pass for good
storage stability of flavour emulsion was optimized as 2
passes in the present study. The homogenization passes
varies greatly with the type and amount of oil phase used
for making of flavour emulsion.

3.3 Viscosity

Viscosity is resistance to flow. The viscosity of
flavour emulsion containing 80:20 combination of
monoglyceride:  diglyceride =~ was noted before
homogenization and after homogenization process which
is represented in Figure 3. From the figure, it is observed
that homogenization process has not affected the
viscosity of the flavour emulsion. Figure 3 shows a linear
relationship between shear stress and shear strain. Hence,
the flavour emulsion behaves like a Newtonian fluid
before and after homogenization process. There is no
shear thinning or shear thickening observed. Such
flavour emulsion can find wide application in beverages,
dairy, bakery and confectionery industries. From the
figure, it is observed that the plot between shear rate and
shear stress shows a linear relationship. According to
Newton’s law of viscosity, any fluid showing linear
behaviour are Newtonian fluids. Hence, flavours
emulsion is Newtonian fluid before and after the
homogenization process. The expression for newton’s
law of viscosity is given below (Franco and Partal,
2000).

ldu
o

Where 1 = Shear stress (MPa), 1L = Viscosity , :—j = Shear
rate (s™).

250

T=

200

-
%)
=]

-
o
S

SHEAR STRESS (MPA)

50 Before homogenization

After Homogenization

0
0 10 20 30 40 50 60 70 80 90 100

SHEAR RATE

Figure 3. The viscosity of flavour emulsion before and after
homogenization

It is very likely that the flavour emulsion shows
Newtonian behaviour since the amount of water used for
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the formulation of flavour emulsion was higher as
compared with the other ingredients. The use of ultra-
high-pressure homogenizer has a negligible effect on the
viscosity of the resulting flavour emulsion. Since the
process did not affect the viscosity of the flavour
emulsion its texture and flow properties were very well
maintained. The flavour emulsion was able to flow easily
before and after the homogenization process and has not
shown any characteristics of shear thinning and shear
thickenin.

3.4 pH

The pH was measured using a pH meter. The pH of
all the three combinations of emulsifier was found to be
between 6.5 — 6.9. The use of monocaprylin and
dicaprylin as an emulsifier has no effect on the pH of
flavour emulsion. This is because the monocaprylin and
dicaprylin are non-ionic emulsifiers and hence they did
not have any notable effect on the pH of flavour
emulsion. Thus, the pH of the flavour emulsion remained
very close to the neutral scale.

3.5 Creaming index

The creaming index of flavour emulsion is calculated
using the following expression (Loi et al., 2019).

Creaming Index = 100 x Hg / Hg

Where CI = Creaming Index, Hs = Height of cream
and Hg = Total height of Emulsion

The creaming index of flavour emulsion obtained
from the combination of emulsifier monocaprylin:
Dicaprylin with the ratio of 80:20 was evaluated. It is
shown in Figure 4. From the figure, it is seen that in the
initial storage period the creaming index is observed to
be zero. The creaming index slowly increases which
means there is a separation of oil phase from the
continuous phase, but the effect is negligible. After 30
days, the flavour emulsion was quite stable. The

10

CREAMING INDEX

5 10 15 20 25 30
STORAGE DAYS

Figure 4. Creaming index of flavour emulsion made by 80:20
combination of mono: dicaprylin
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creaming index should be zero for a good emulsion
(McClements, 2007). However, the flavour emulsion
showed a slow increase in the creaming index over a
storage period of 30 days. For the first few days, the
creaming index was zero for the flavour emulsion. Then
gradually, the creaming index increased to 0.0033,
0.0055, 0.96, and 0.94 after 15, 20, 25, 30 days
respectively. The obtained result showed that a higher
ratio of monocaprylin in the emulsifier combination has
an excellent effect on the stability of the emulsion, hence
they can be effectively utilized in various food and
related applications.

3.6 Stability study

Stability study of flavour emulsion made from
emulsifier with the combination of monocaprylin:
dicaprylin at ratio 80:20 was studied at three different
conditions viz ambient temperature (25°C), high
temperature (50'C) and refrigerator temperature (4°C).
The effect of emulsifier and homogenization on flavour
emulsion at different storage temperature is shown in
Figure 5. It was investigated that the flavour emulsion
was more stable at room temperature and cold
temperature. A cold temperature study was done by
keeping the sample in the refrigerator at 4°C, whereas
high temperature study was done by keeping the sample
in the oven at 50°C. The flavour emulsion was found to
be less stable at oven temperature as compared to cold
and room temperature. Since flavour compounds are
volatile and less stable at high temperature, which
decreases their stability at high temperature. But the
flavour compounds are stable at ambient temperature and
refrigeration temperature. The flavour emulsion stored at
room temperature showed higher stability of 100% up to
10 days after that there was a slow decline instability as
98.8%, 96.6%, 95.18% and 92.59% after 15, 20, 25, 30
days respectively. The same trend was observed for
flavour emulsion stored at 4°C, it also showed 100%
stability for 10 days which gradually decreases to 96.6%,
93.7%, 91.8%, 89.25% at 15, 20, 25, 30 days

100
20
80
70
60

50

% STABILITY

40
Ambient temperature (
30 Room Temperature)

Thermal Stability (Hot)
20
10 Thermal stability (Cold)

0
5 10 15 20 25 30

STORAGE DAYS

Figure 3. The viscosity of flavour emulsion before and after
homogenization
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respectively. But the flavour emulsion sample stored at
50°C showed 100% stability only up to 5 days and then
the stability decreased at a faster rate with the stability of
less than 82% after 30 days of storage.

4. Conclusion

The present study evaluates the effect of different
monocaprylin and dicaprylin combination on the stability
of flavour emulsion. It is investigated that high
monocaprylin content was effective in achieving the
lowest creaming index with stable flavour emulsion for
30 days of storage time. Further, the application of non-
thermal technique like ultra-high-pressure
homogenization also had an excellent effect on the
stability of flavour emulsion without effecting the
rheological characteristics of flavour emulsion. The
flavour emulsion exhibited Newtonian characteristics
before and after the homogenization process at 25 MPa
and two passes. The flavour emulsion with higher
monocaprylin content showed zero creaming index for
10 days which came down to 0.94 after 30 days which is
negligible. The flavour emulsion showed higher stability
at ambient temperature (25°C) and refrigeration
temperature (4°C) making it more suitable for dairy and
beverages applications. The present result is useful in
developing food products using flavour emulsion that
allows the flavours in processed foods to remain stable
on the shelf for a longer period of time, thus increasing
the acceptability of the processed foods.
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