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ABSTRACT

Betel leaves was evaluated as an antioxidant to enhance the shelf-
life of ghee (heat clarified milk fat) against oxidative
deterioration. Addition of betel leaves at final stage of heat
clarification was found more effective in controlling oxidative
deterioration of the ghee than that of the initial stage of heat
clarification. The optimum rate for use of betel leaves in treatment
of ghee was found 0.3%. The addition of betel leaves @ 0.3% of
the expected yield of ghee at the final stage of the heat
clarification in preparation of ghee found highly effective in
retarding its oxidative deterioration during storage. It was even
more effective than most popular synthetic antioxidant BHA.
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1. INTRODUCTION

India is well-known throughout the world for its
medicinal plants and spices. Both have many different
physiological and pharmacological characteristics.
The current biomedical research is concentrated on
their scientific merits, to generate functional foods or
nutraceuticals, to give science-based proof for the
traditional usage, and to do so. With more thorough
research into natural medicines over the past 10 years,
plants have long been a vital source of natural
ingredients to sustain human health.

Due to their potential for providing nutrition, safety,
and medicinal benefits, herbal foods have garnered
significant interest in recent years. The need for
herbal meals is rising as a result of public interest and
consumer demand, as well as ongoing research efforts
to identify the characteristics, bioactive components,
and prospective applications. Due to its safety, its use
in a variety of fields of study, including
pharmaceutics, ayurveda, and the food sector, is
expanding.
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Ghee oxidatively degrades while being stored in
ambient conditions. Synthetic antioxidants are
frequently added to ghee to extend its shelf life, but
their use has drawn attention away from natural
antioxidants because they may pose a health risk.
Although there has been very little research on the
use of herbs as potential antioxidants in ghee, they are
thought to be very good sources of natural
antioxidants. There have been some attempts to test
the effects of herbal extracts in organic solvents in
ghee.

However, using such extracts may give the product a
very unpleasant aroma. Furthermore, since some
minor components that are important to the activity
due to their synergistic effect may be lost during the
preparation of the extract, extracts are less effective in
their action compared to whole herbs (Shahidi, 2015;
Kapadiya et al., 2016). Another restriction is the
existence of residual organic solvents in the extract
(Pawar et al., 2012; Patel et al., 2013).
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In my previous work common herbs used in routine
diet were screened for their total phenolic content,
radical scavenging activity, compatibility in ghee
from sensory point of view and possibility to act as an
antioxidant in ghee. Among the fourteen different
herbs, betel leaves (Piper betle) was found most
promising (Kapadiya and Aparnathi, 2018). Curry
leaves was found to be capable of retarding oxidative
degradation in ghee but were less effective than BHA
(Kapadiya and Aparnathi, 2017). Liquorice was found
to be capable of retarding oxidative degradation in
ghee and even more effective than BHA (Kapadiya
and Aparnathi, 2017).

The piper betle is a well-liked plant in South Asia and
is known as the "Green Gold of India." It is a
perennial herb (Kumari and Rao, 2015). It was used
as a traditional medicine in South East Asia, China,
and India (Chiang Chan and Wong, 2014). Various
biologically active substances can be found in betel
leaves (Nirmala and Kumari, 2015). Polyphenols like
eugenol, chavicol, charvacrol, chevibetol, catechol,
and allyl pyrocatechol, which have strong antioxidant
activity, were discovered to be the primary chemical
components of Piper betel (Chauhan et al., 2016).

Therefore, the present study was planned to evaluate
the potential of dried betel leaves for enhancing shelf-
life of ghee against oxidative deterioration. The study
was divided into three phases: selection of stage for
addition, optimization of rate for addition and
comparison with synthetic antioxidant (BHA).

2. Materials and methods

2.1. Chemicals and glassware

All the chemicals and glassware used in the present
study were of analytical (AR) grade and standard
quality supplied by authorized dealers.

2.2. Collection and preparation of betel leaves
Betel leaves (Piper betle) were obtained from
Medicinal and Aromatic Plants Research Center of
the Anand Agricultural University. Leaves were
cleaned, vacuum dried, grinded to coarse particles,
transferred into zip lock plastic cover and stored in air
tight plastic bottle at refrigeration temperature. Fresh
and dried betel leaves are shown in Figure 1.

Dried betel leaves
Figure 1: Fresh and dried betel leaves

Fresh betel leaves

2.3. Evaluation of betel leaves for its antioxidant
potential

2.3.1. Preparation of extract

0.5 g powder of betel leaves was treated with 10 ml of
methanol-water (8:2, v/v) in a shaking water bath at
35°C for 24 h as described by Song et al. (2010). The
mixture was then centrifuged at 4,000 rpm for 10
min. The supernatant (betel leaves extract) was
recovered for the determination of the total phenolic
content and radical scavenging activity.

2.3.2. Analysis of total phenolic content

Total phenolic content of betel leaves extract was
analysed by Folin-Ciocalteu (FC) reagent according
to the procedure described by Singleton and Rossi
(1965).

0.03 ml betel leaves extract was taken in a test tube
and volume was made up to 1 ml with distilled water.
To this 0.5 ml each of diluted FC reagent (1:1) and 10
ml 7.5 % sodium carbonate solution were added. The
content was mixed using vortex mixer and incubated
under dark at room temperature for 30 min.

For blank preparation 1 ml of distilled water was
taken instead of sample. The absorbance was
measured against blank at 750 nm using
spectrophotometer. The result was expressed in terms
of mg of GAE per 100 gm of dried betel leaves.

2.3.3. Radical scavenging activity by DPPH (2, 2-
Diphenyl-1-Picrylhydrazyl) assay

The radical-scavenging activity of betel leaves extract

was determined as the ability to scavenge DPPH

radicals according to the procedure of Brand-

Williams et al. (1995).

0.05 ml of betel leaves extract was taken in a test tube
and the volume was made up to 1 ml with methanol. 3
ml of 0.1 mM methanolic solution of DPPH was
added to tubeand shaken vigorously. The tube was
allowed to stand at 37°C for 15 minutes in a water
bath. The control was prepared by taking 1 ml
methanol and 3 ml of 0.1 mM methanolic DPPH
solution. Methanol was used as a blank. Absorbance
of the control and sample was measured at 517 nm
using a spectrophotometer against blank (methanol).
DPPH activity was expressed as the inhibition
percentage and was calculated using the following
formula.

Radical-scavenging activity (% inhibition) =[(Ac—
A)/Ac] x 100

Where, Ac = Absorbance of control and A =
Absorbance of sample
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2.4. Preparation of ghee

Ghee was prepared by creamery butter method as
described by De (2004). White butter was procured
from commercial dairy plant, clarified at 120°C
temperature, followed by filtration through 6 layered
muslin cloth.

2.5. Selection of stage for addition

Betel leaves was added @ 0.5% during manufacture
of ghee at initial stage of the heat clarification (i.e.
when temperature reached 45°C) and at final stage of
the heat clarification (i.e. when temperature reached
105°C). The heating continued till temperature
reached to 120°C. The treated ghee samples were
filtered through 6 layers of muslin cloth. Ghee
without betel leaves was also prepared simultaneously
to serve as a control. All the ghee samples were tested
for stability against oxidative deterioration during
storage at 80°+2°C and monitored for changes in
peroxide value and flavour score at an interval of 2
days till peroxide values of all the ghee samples went
below acceptable level (< 6). The stage of addition
giving better stability was selected for further study.

2.6. Optimization of rate for addition

Betel leaves was added @ 0.0 (control), 0.1, 0.2, 0.3
and 0.4% of the expected yield of ghee at the stage in
heat clarification found better in the study described
under Section 2.4. All the ghee samples were stored
in an incubator at 80°+2°C and monitored for changes
in peroxide value and flavour score at an interval of 2
days till peroxide values of most of the ghee samples
went below acceptable level (< 6). The rate of
addition giving the best stability was selected for
further study.

2.7. Comparison with synthetic BHA

Ghee sample was prepared with betel leaves at the
selected stage and optimized rate. Simultaneously,
two samples of ghee were prepared without betel
leaves. In one of these samples BHA was added @
0.02% (w/w) and other was kept as control. All the
ghee samples were stored at 80°+2°C temperature.
Oxidative changes taking place in ghee samples were
analysed for peroxide value, carbonyl value, DPPH
radical scavenging activity and flavour score. Ghee
samples were monitored when fresh and after an
interval of 2 days at 80°£2°C till flavour score of all
the ghee samples went below acceptable level (< 6).

2.8. Determination of oxidative changes in ghee
The peroxide value of ghee was determined by
iodometric method as described in IS: SP: 18 (part
XI) (1981). The carbonyl value of ghee was
determined as per the method of Ronald (2001).
Sensory evaluation for flavour score was evaluated
using the 9-point hedonic scale (Mehta et al., 2015).
Data were analysed by completely randomized design

at 5% level of significance (p<0.05) as per the
procedure mentioned by Steel and Torrie (1980).

3. Results and discussion
3.1. Assessing the compatibility of betel leaves as
an additive in ghee

The first and foremost point for consideration was the
compatibility of betel leaves to be used for study.
Betel leaves was added at the rate of 0.5% w/w of
ghee and then the compatibility of betel leaves added
ghee sample was assessed based on their flavour.
Colour characteristic of betel leaves added ghee
sample was also examined by visual observation. The
results indicated that betel leaves treated ghee was
found acceptable for their flavour. The colour
characteristic of the fresh ghee samples (control ghee
and betel leaves added ghee) is presented in Figure 2.

Control ghee Betel leaves added ghee
Figure 2: The colour characteristic of the fresh
ghee samples

It was evident from the examination of the colour
characteristic of ghee samples that both the ghee
samples acquired golden yellow colour. Colour of
betel leaves did not impart any objectionable colour
to the ghee.

3.2. [Evaluation of betel leaves for its antioxidant
potential

To evaluate the antioxidant potential, betel leaves was
analysed for its total phenolic content and radical
scavenging activity. Total three replication were
conducted. Betel leaves gave 3653.33 + 18.86 mg
GAE/100 g total phenolic content and 87.31 +0.77%
DPPH radical scavenging activity.

Jamal et al. (2010) studied forty types of Malaysian
medicinal plants and found that Piper betel L. had
phenolic content of 8986.67 mg per liter GAE.
Jaiswal et al. (2014) collected six different variety of
betel leaf [Banarasisafeda (PA), Calcutta (PB),
Cuttack (PC), Desibagla (PD), Maharashtra (PE) and
Sofia (PF)] from Uttar Pradesh, West Bengal, Odisha,
Maharashtra and Bihar and were extracted using five
solvents (80% methanol, 80% ethanol, 80% acetone,
80% ethyl acetate and distilled water) to determine
total phenol content and radical scavenging activity.
The TPC for six variety betel leaf extract in five
different solvents were found in the range of 0.29 to
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2.62 mg GAE per g dw for PA, 0.08 to 2.59 mg GAE
per g dw for PB, 0.09 to 2.38 mg GAE per g dw for
PC, 0.07 to 2.87 mg GAE per g dw for PD, 0.16 to
2.07 mg GAE per g dw for PE and 0.04 to 1.16 mg
GAE per g dw for PF.

The total phenolics content and radical scavenging
activity of betel leaves evaluated in the study was
more or less within the range reported in the
literature. However, some deviations in total
phenolics content might be attributed to variations
variety of the herbs (Benabdallah et al, 2016),
prevailing agroclimatic conditions of the area in
which herb is grown (Jaiswal et al., 2014), agronomic
practises followed in the plant farming (Pakade et al.,
2013), maturity of the herb at the stage of harvesting
(Jinesh et al., 2010), method followed for post-
harvest processing of the herb (Pakade et al., 2013),
the type and concentration of solvent (Hasim et al.,
2015) as well as polarity of solvent (Basak et al.,
2014) used for analysis, the method followed for the
estimation of the total phenolics content (Rahman et
al., 2013), etc.

However, some deviations in radical scavenging
activity might be attributed to variations in chemical
composition of the different plants with respect to

phenolics and other antioxidants as well as pro-
oxidants content (Tupe et al., 2013).

3.3. Selection of stage for add betel leaves in
preparation of ghee

Based on procedure for production of ghee, two
different stages can be evinced for addition of betel
leaves: initial stage and final stage of the heat
clarification process. When betel leaves was added at
initial stage of the heat clarification, it remains in
contact with ghee for longer duration and leads to
better extraction of antioxidants. However, longer
exposure at elevated temperature may adversely
affect the stability of major and/or minor antioxidant
components, leading to decrease in effectiveness.
Therefore, it was decided to find appropriate stage for
addition of betel leaves in preparation of ghee.

Changes in peroxide value on storage of the ghee
samples treated with betel leaves at two different
stages are presented in Table 1 and the trend is
graphically presented in Figure 3(a). Similarly,
changes in flavour score on storage of the ghee
samples treated with betel leaves at two different
stages are presented in Table 2 and the trend is
graphically presented in Figure 3(b).

Table 1: Effect of stage for addition of betel leaves on changes in peroxide value of ghee during

storage at 80°+2°C
e Peroxide value of ghee on storage at 80°+2°C (meq of Oy/kg fat) -
period (ay9)  Control 4y e of darification. tage of clarification
0 0.19 0.63 0.60
2 0.53 1.50 1.28
4 1.44 2.31 1.62
6 1.93 3.07 2.46
8 4.04 4.23 2.81
10 6.19 5.43 3.72
12 9.33 7.09 5.05
Source of Storage period Treatment (T) Interaction
variation (P) (Days) (Stage of addition) (PxT)
SEm 0.18 0.12 0.31
CD(0.05) 0.51 0.34 0.89
CV% 20.19
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Figure 3(a): Changes in peroxide value of betel leaves treated ghee during storage

The peroxide value of all the three types of ghee samples increased at a steady rate up 6™ day of the storage. The
rate of rise in peroxide value became steep after 6™ day onwards in case of control ghee and betel leaves treated
ghee at initial stage of clarification. On the other hand in ghee treated with betel leaves at final stage of
clarification, no steep rate of rise in peroxide value was noticed at any stage during the entire storage period.

After 2™ day of the storage peroxide values of ghee sample treated with betel leaves at initial stage of
clarification were significantly higher than that of ghee sample treated with betel leaves at final stage of

clarification.

Table 2: Effect of stage for addition of betel leaves on changes in flavour score of ghee during storage
at 80°+2°C

Flavour score of ghee during storage at 80°+2°C (out of 9)

Storage period —
Betel leaves added at initial Betel leaves added at final
(GEVS)) Control o .
stage of clarification stage of clarification
0 9.00 8.80 8.83
2 8.58 8.30 8.33
4 7.75 7.88 7.90
6 6.60 7.48 7.53
8 5.60 7.05 7.15
10 4.10 6.68 6.70
12 2.40 6.20 6.35
Source of variation Storage period Treatment (T) Interaction
(P) (Days) (Stage of addition) PxT)
SEm 0.04 0.03 0.07
CD (0.05) 0.12 0.08 0.21
CV% 2.11
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Figure 3(b): Changes in flavour score of betel leaves treated ghee during storage

The flavour score of all the three types of ghee samples declined at a steady rate up 6™ day of the storage. On
subsequent storage in control ghee and ghee treated with betel leaves at initial stage of clarification, the rate of
decline in flavour score became sharp. On the other hand in ghee treated with betel leaves at final stage of
clarification, no sharp decline in flavour score was noticed during the entire storage period. At the end of the
storage the flavour score of ghee treated with betel leaves at final stage of clarification was significantly higher
than the ghee treated with betel leaves at initial stage of clarification.

Thus, it was evident that the addition of betel leaves at the final stage of heat clarification in preparation of ghee
was significantly more efficient in controlling oxidative deterioration of ghee during storage, compared to the
addition of betel leaves at initial stage of heat clarification. No report is available in the literature effect of stage
for addition of betel leaves on changes in peroxide value of ghee during storage. However, similar work carried
by Kapadiya and Aparnathi (2017) on evaluation of curry leaves (Murraya koenigii) for enhancing shelf-life of
ghee against oxidative deterioration, found that the addition of curry leaves at final stage of heat clarification
were found more effective than at initial stage of heat clarification. Thus, results obtained in present study were
in accordance with the results reported by this author.

Kim et al. (2006) studied the effect of heat on the antioxidant capacity of grape seed extracts and concluded that
the antioxidant capacity of these extracts increased through the liberation of phenolic compounds by heat.
According to Nicoliy et al. (1999) polyphenols with an intermediate oxidation state can exhibit higher radical
scavenging efficiency than the non-oxidized ones. The higher antioxidant properties of the partially oxidized
polyphenols could be attributed to their increased ability to donate a hydrogen atom from the aromatic hydroxyl
group to a free radical and/or to the capacity of their aromatic structures to support the unpaired electron through
delocalization around the z-electron system. Therefore, in present study better performance of betel leaves used
at final stage of clarification during preparation of ghee compared to an initial stage of the clarification might be
attributed to increased liberation of phenolic compounds, easy partitioning, spreading evenly and formation of
polyphenols with an intermediate oxidation state of antioxidants by heat. Thus, findings of present study were in
corroboration with findings reported by various authors.

3.4. Optimization of rate for addition of betel leaves in preparation of ghee

The effect of antioxidant depends on its concentration, both at low and high concentration they may become pro-
oxidant (Gordon, 1990). Moreover, aroma associated with herb alters typical aroma of ghee to some extent.
Therefore, work was carried out to optimize rate of betel leaves for the use. Changes in peroxide value of ghee
during storage at 80°+£2°C after treating with betel leaves at different rates are presented in Table 3 and the trend
is presented in Figure 4(a). Similarly, changes in flavour score of ghee during storage at 80°+2°C after treating
with betel leaves at different rates are presented in Table 4 and the trend is graphically presented in Figure 4(b).
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Table 3: Effect of different rates of betel leaves on changes in peroxide value of ghee during storage at

80°£2°C
Storage Peroxide value of ghee on storage at 80°+2°C (meq of O,/kg fat)
period Rate of betel leaves used (%)
(days) 0.0 0.1 0.2 0.3 0.4
0 0.19 0.39 0.32 0.19 0.26
2 0.77 0.90 0.78 0.58 0.64
4 1.67 1.69 1.48 1.17 1.16
6 3.68 1.80 1.85 1.20 1.24
8 4.73 3.61 2.41 2.18 2.18
10 6.71 4.39 2.76 2.35 2.41
12 8.71 4.76 3.19 2.53 2.54
13 10.88 5.01 3.56 2.66 2.82
14 12.79 5.41 4.17 2.71 3.28
15 14.72 5.91 5.34 2.75 3.65
16 17.41 7.41 6.64 2.81 4.03
17 20.35 8.91 7.09 2.87 4.33
18 24.71 10.44 7.57 2.92 5.38
19 27.76 11.71 11.31 297 6.39
20 31.02 13.03 13.32 3.12 7.57
21 32.97 15.56 14.89 3.31 9.48
22 35.80 18.95 17.16 3.51 11.91
Source of variation | Storageperiod ®) | - Wreatment (1) - Interaction
SEm 0.25 0.13 0.55
CD (0.05) 0.69 0.37 1.53
CV% 13.79

Among the fresh ghee samples control ghee had lower peroxide value compared to ghee samples treated with
betel leaves at different rate of addition except 0.3 per cent treated ghee sample. The peroxide value of control
ghee became significantly (P<0.05) higher than that of betel leaves treated ghee samples from 6" day of storage
and on subsequent storage up to end it remained significantly (P<0.05) higher than that of betel leaves treated

ghee samples.

Peroxide Valoe

(meq of O, per kg fat)

——0.00%

4 6 B

| Period of storage at 80°+2°C {da:.,'s]ll

—a—0.10%

0.20%

—==0.30%

—=—0.40%

0 12 13 14 15 18 17 18 1% 20 21 22

Figure 4(a): Changes in peroxide value of ghee during storage after treating with betel leaves at
different rates
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Among the betel leaves treated ghee samples at different rate of addition, peroxide values of all the betel leaves
treated ghee samples were statistically at par up to 4 day of the storage. On further storage peroxide values of
ghee sample treated with 0.3% betel leaves was significantly (P<0.05) lower than the ghee samples treated with
0.1 and 0.2% betel leaves. Similarly, after 13" day of storage period peroxide value of ghee sample treated with
0.3% cent betel leaves was significantly (P<0.05) lower than 0.4% betel leaves treated ghee sample. It can be
sum-up that treatment of ghee with betel leaves at different rates, best control of peroxide formation in ghee
during storage was given by the treatment @ 0.3%. Therefore, 0.3% betel leaves was considered as optimum and
selected for further study.

Patel and Rajorhia (1979) studied the antioxidative effects of betel leaves in ghee. Fresh betel leaves were added
to different lots of melted butter and then heated to clarification temperature (120°C). The betel leaves were
added 0.2, 0.5 and 1% (w/v). Ghee samples were packed, sealed in lacquered tins and stored at 30°C. The
authors reported that the control ghee showed a steep rise in peroxide with value after 60 days of storage.
However, ghee samples treated with betel leaves 1 per cent concentration proved to be most stable even up to
147 days of storage at 30°C. These authors used fresh betel leaves and ghee samples were stored at 30°C,
whereas, in the present study dried betel leaves was used and samples were stored at 80°C.

Table 4: Effect of different rates of betel leaves on changes in flavour score of ghee during storage at
80°+2°C

Flavour score of ghee during storage at 80°+2°C (Out of 9)

Storage period Rate of betel leaves used in the treatment

(days) 0.1% 0.2% 0.3% 0.4 %
0 9.00 9.00 9.00 8.90 8.73
2 8.70 8.67 8.73 8.83 8.50
4 7.97 8.07 8.23 8.73 8.23
6 6.77 7.33 8.50 8.00 7.63
8 5.57 6.27 8.23 7.70 7.40
10 4.53 5.40 6.93 7.47 7.23
12 3.27 4.80 6.27 7.27 6.93
13 2.67 4.23 6.00 7.00 6.77
14 2.00 3.73 543 6.80 6.63
15 1.53 3.53 5.17 6.67 6.23
16 1.37 2.97 4.93 6.47 5.93
17 1.23 2.33 4.47 6.20 5.73
18 1.00 1.93 4.17 6.03 5.47
19 1.00 1.20 3.73 6.00 5.27
20 1.00 1.00 2.93 6.00 4.53
21 1.00 1.00 2.53 6.00 3.83
22 1.00 1.00 2.00 6.00 3.00

Source of Variation | Storage period (P) (Days) (l;l; I;Za;t{lf(;l(;igil(;) Int&l,‘:,i‘t)l on

SEm 0.08 0.05 0.19

CD (0.05) 0.24 0.13 0.53
CV% 6.09

The flavour score of fresh ghee samples treated with 0.3 and 0.4% betel leaves was lower than other ghee
samples. The typical aromatic flavour of betel leaves is due to presence of phenol and terpene-like compounds
(Uddin et al., 2015; Nirmala and Kumari, 2015). Therefore, decrease in flavour score of fresh ghee with 0.3 and
0.4% betel leaves may be attributed to such constituents of betel leaves.
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The flavour score of control ghee decreased at a rapid rate from beginning of the storage and showed steep
descale on 17" day. Among the samples of ghee treated with betel leaves at different rate of addition, the flavour
score of ghee treated with 0.1 per cent betel leaves followed trend almost parallel to control ghee and with its
values slightly higher than that of the control ghee. The flavour score of ghee treated with 0.2 and 0.4 per cent
betel leaves followed trend almost parallel to each other and the values of 0.2 per cent betel leaves treated ghee
slightly lower than that of the 0.4 per cent betel leaves treated ghee. The flavour score of ghee treated with 0.1
per cent betel leaves remained lowest and 0.3 per cent betel leaves remained highest all throughout the storage.

1

B
=]
2
=
=

o 2 4 w5 8 10 ¥r 13 14 15 I6 17 18 15 20 231 227

IPuriud of storage at 80" +2°C (days) |
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Figure 4(b): Changes in flavour score of ghee during storage after treating with bé-tel leaves at
different rates

Flavour score of control ghee went below the acceptable level on g™ day of the storage that of the ghee treated
with 0.1, 0.2 and 0.4% betel leaves on 10", 14™ and 16™ day respectively. However, flavour score of ghee
treated with 0.3% per cent betel leaves was acceptable event on 2oM day. It is clearly evident from the results
that treatment of ghee with 0.3% betel leaves was most effective in retarding flavour deterioration of ghee during
the storage.

The variation in effectiveness of betel leaves in controlling oxidative deterioration of ghee during storage with
variation in its rate of use may be attributed difference in its behaviour at low and high concentration. The low
effectiveness of betel leaves at 0.1 and 0.2% might be attributed insufficient antioxidant principles available for
action and/or their possible pro-oxidant effect at lower concentration. Similarly, low effectiveness of betel leaves
at 0.4% might be attributed possible pro-oxidant effect due to presence in higher concentration. Duga (1976)
pointed out that some antioxidants provide increased protection with increasing concentration, while others have
optimal levels after which higher levels exert pro-oxidant effects. According to Fukumoto and Mazza (2000)
most phenolic compounds had pro-oxidant activity at low concentrations. Moure et al. (2001) suggested that
potent antioxidants can autoxidize and generate reactive substances and thus also act as pro-oxidants, depending
on the systems. According to Bouayed and Bohn (2010) at high concentrations of antioxidant, their pro-oxidant
effects could arise due to the involvement of the phenolic compounds in initiation reactions.

3.5. Comparison of betel leaves with synthetic antioxidant BHA

After selecting appropriate stage for addition of betel leaves and optimizing rate of the addition, work was
carried out to compare its effect with most popular synthetic antioxidant (BHA). In process of lipid oxidation,
during primary stage of the oxidation peroxides are formed. The peroxides are unstable and generate secondary
oxidation products including aldehydes, ketones, epoxides, etc. These compounds are major contributors to off-
flavours developed due to oxidative rancidity of many foods (Mehta et al., 2015). Therefore, in final phase of
this study oxidative changes in ghee samples during storage were monitored by changes in peroxide value,
carbonyl value, radical scavenging activity and flavour score of the ghee samples during storage at 80°+2°C till
flavour score of almost all the ghee samples went below the acceptable level (< 6). The results obtained for
effect of antioxidants on changes in peroxide value and carbonyl value of ghee during storage at 80°+2°C are
presented in Table 5 and trends are graphically presented in Figure 5(a) and Figure 5(b). The results obtained for
effect of antioxidants on changes in radical scavenging activity and flavour score of ghee during storage at
80°£2°C are presented in Table 6 and trends are graphically presented in Figure 5(c) and Figure 5(d).
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Figure 5(a): Changes in peroxide value of ghee during storage at 80°+2°C after treating with different

antioxidants

Table 5: Effect of antioxidants on changes in peroxide value and carbonyl value of ghee during

storage at 80°+2°C
Peroxide value of ghee on storage at Carbonyl value of gheeon storage at 80°+2°C
Storage 80°+2°C (meq of O,/kg) (umol carbonyl/g)
period Antioxidants used in ghee Antioxidants used in ghee
days Control Control

0 0.19 0.29 0.10 3.25 3.37 3.36

2 0.82 0.53 0.29 3.92 3.68 3.64

4 1.52 0.74 0.52 4.42 3.89 3.98

6 3.43 1.17 0.91 5.74 4.16 4.34

8 5.15 1.46 1.16 7.81 4.56 4.88

10 7.20 1.71 1.66 8.20 5.04 5.36

12 9.00 2.03 2.93 10.05 5.67 5.95

14 11.22 2.49 4.92 10.84 6.14 6.59

16 15.81 2.84 6.30 12.32 6.96 7.58

18 18.98 3.10 9.53 14.74 7.51 8.50

20 27.26 3.44 10.79 16.43 7.95 9.50

22 37.76 3.83 12.64 18.72 8.64 10.31

24 44.17 4.22 14.51 21.93 9.05 11.25

26 36.34 4.73 15.78 25.92 9.46 12.51

28 31.62 5.43 16.74 29.66 9.91 13.37

30 37.75 5.96 17.90 34.23 10.49 14.94

32 43.36 6.38 19.36 36.00 11.29 16.61
St g )| (et (0 Vi | St o) 0| i

(Days) PxT) (Days) (Antioxidant) | (PxT)

SEm 0.42 0.18 0.73 SEm 0.10 0.04 0.18
CD (0.05) 1.18 0.50 2.05 CD (0.05) 0.29 0.12 0.50

CV% 14.43 CV% 3.47
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Table 6: Effect of different antioxidants on changes in radical scavenging activity and flavour score of
ghee during storage at 80°+2°C
Radical scavenging activity of ghee Flavour score of ghee during storage at

s (% inhibition) 80°£2°C(Out of 9)
e () Antioxidants used in ghee Antioxidants used in ghee
Control Betel leaves BHA Control Betel leaves BHA
0.3%) (0.02%) 0.3%) (0.02%)
0 43.36 61.98 61.35 9.00 8.82 9.00
2 42.06 60.68 59.14 8.60 8.58 9.00
4 40.99 57.92 57.11 8.13 8.28 9.00
6 38.44 56.06 54.35 6.98 8.10 8.50
8 34.85 54.27 52.46 5.45 7.90 8.15
10 32.87 52.63 49.71 4.85 7.75 7.55
12 29.53 49.19 47.12 4.38 7.63 6.73
14 26.10 47.55 44.24 3.35 743 5.25
16 23.92 44.08 41.86 2.90 7.33 4.13
18 21.52 41.38 37.75 1.88 7.18 2.93
20 18.11 39.01 35.54 1.43 7.03 243
22 14.44 35.19 31.75 1.25 6.83 1.88
24 12.21 31.49 26.97 1.05 6.75 1.65
26 9.93 28.52 23.20 1.00 6.33 1.33
28 7.69 25.89 20.01 1.00 6.10 1.25
30 5.94 23.84 16.71 1.00 6.00 1.25
32 4.60 21.77 12.10 1.00 543 1.13
Storage Storage
Source of | period | Treatment (T) | Interaction | Source of | period | Treatment (T) | Interaction
variation P) (Antioxidant) (PxT) variation P) (Antioxidant) (PxT)
(Days) (Days)
SEm 0.71 0.30 1.23 SEm 0.13 0.05 0.22
CD CD
(0.05) 1.98 0.83 3.42 (0.05) 0.36 0.15 0.62
CV% 6.91 CV% 8.44

In initial stage of storage peroxide value of ghee treated with 0.3% betel leaves was slightly higher compared to
ghee added with BHA. However, upon further storage, the rise in peroxide values of BHA added ghee overtook
peroxide value of betel leaves treated ghee. From 12" day of the storage peroxide value of BHA added ghee was
significantly higher than of the betel leaves treated ghee and remained so during rest of the storage period.
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Figure 6: Changes in carbonyl value of ghee during storage at 80°+2°C after treating with different
antioxidants
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In starting of storage carbonyl value of the ghee treated with 0.3% betel leaves was almost at par with carbonyl
value of the ghee added with BHA. However, upon further storage, the rise in carbonyl values of BHA added
ghee overtook carbonyl value of betel leaves treated ghee. From 6™ day of the storage carbonyl value of BHA
added ghee was significantly higher than of the betel leaves treated ghee and remained so during rest of the

storage period.
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Figure 5(c): Changes in radical scavenging activity of ghee during storage at 80°+2°C after treating
with different antioxidants

In starting of storage radical scavenging activity of the ghee treated with 0.3% betel leaves was almost at par
with radical scavenging activity of the ghee added with BHA. From 2™ day of the storage radical scavenging
activity of ghee treated with 0.3% betel leaves was significantly higher than that of the ghee added with BHA

and remained so all throughout the storage period.
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Figure 8: Changes in flavour score of ghee during storage at 80°+2°C after treating with different
antioxidants

During initial stage of storage flavour score of ghee
treated with 0.3% betel leaves was slightly lower
compared to ghee added with BHA. However, upon
further storage, the flavour score of BHA added ghee
became lower than that of the betel leaves treated
ghee. From 10" day of the storage flavour score of
BHA added ghee was significantly lower than of the
betel leaves treated ghee and remained so during rest
of the storage period. The results of changes in
flavour score on storage of the ghee samples were
very well in corroboration with changes in peroxide
value, carbonyl value and radical scavenging activity
of the ghee samples.

Pradhan et al. (2013) studied polyphenols compounds
in betel leaf extract and its ability to inhibit radiation
induced lipid peroxidation process. They found that
the presence of polyphenols compounds in betel leaf
extract inhibited the radiation induced lipid
peroxidation process effectively. This could be
attributed to its ability to scavenge free radicals
involved in initiation and propagation steps. The
extracts reduced most of the Fe’* ions and possess
strong reductive ability. The extract also showed
strong hydroxyl radical and superoxide anion radical
scavenging property when compared with different
standards such as ascorbic acid and BHT. Uddin et al.

@ IJTSRD | Unique Paper ID — IJTSRD52355 | Volume — 6 | Issue —7 | November-December 2022

Page 481



International Journal of Trend in Scientific Research and Development @ www.ijtsrd.com eISSN: 2456-6470

(2015) and Nirmala and Kumari (2015) reported that
the major terpenoids and phenols in betel leaves
include 1,8-cineole, cadinene, camphene,
caryophyllene, limonene, pinene, chavicol, allyl
pyrocatechol, catechol, carvacrol, safrole, eugenol
and chevibetel. Therefore, antioxidant properties of
betel leaves in ghee as exhibited in present study
might be attributed these compounds.

Patel and Rajorhia (1979) carried out the study
dealing with the antioxidative effects of betel leaves
when added to melted butter during clarification. The
amount of betel leaves were 0.2, 0.5 and 1 per cent
(w/v). A mixture of BHA and BHT (1:1) at
concentration of 0.02 per cent by weight was also
used. Ghee samples were stored at 30°C. The authors
found that the initial flavour score of control sample
and BHA+BHT added ghee sample was 8.33 and 8.3
respectively. Whereas, initial flavour score 0of 0.2, 0.5
and 1 per cent betel leaves added samples was 8.5,
8.2 and 8.4 respectively. After storage for 147 days
the flavour score of control sample and BHA+BHT
added ghee sample was 2.16 and 6.15 respectively.
Whereas, after storage for 147 days flavour score of
0.2, 0.5 and 1 per cent betel leaves added samples
was 2.2, 5.8 and 6.5 respectively. Therefore, results of
present study are in line with the report. However,
some deviation attributed to form of betel leaves
used, stage of addition of betel leaves and
temperature employed for storage of ghee. The
authors used fresh betel leaves at initial stage of
clarification and samples were stored at 30°C,
whereas, in the present study betel leaves was used at
final stage of clarification and samples were stored at
80°£2°C.

4. Conclusion

The study was conducted to evaluate potential of
betel leaves (Piper betel) as an antioxidant in ghee to
extend the shelf-life by retarding oxidative reactions
during the storage of ghee. For addition of betel
leaves in treatment of ghee final stage of heat
clarification was found more effective than the initial
stage of heat clarification. Treatment of ghee with
different rate of betel leaves (0.1%, 0.2%, 0.3% and
0.4%), 0.3% rate was found more effective in
reducing oxidative deterioration of ghee even more
effective than BHA at 80°+2°C. Hence, betel leaves
could be a very promising natural alternative over
BHA.
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