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Abstract

The present study evaluated the storage stability of control lassi as well as lassi fortified with lemongrass distillate and
concentrated lemongrass extract (CLE) at 4+1°C for 21 days. During storage, the sensory attributes (flavour, texture,
appearance, acidity, and overall acceptability) significantly declined in all samples. CLE-enriched lassi showed the highest
total phenolic content and antioxidant activity (ABTS, DPPH), followed by lemongrass distillate and control lassi, although
these values decreased during storage. The pH declined in all samples, with a rapid decrease in control lassi. Lemongrass
added lassi remained acceptable for up to 21 days, while control lassi was acceptable up to 18 days.
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Introduction

Reactive oxygen species (ROS), which include free radicals
like superoxide anion radical (O2), hydroxyl radical (OH"),
and singlet oxygen, produce the oxidation products from
biological reactions or external substances in the body and
diet [ 21, Both free radicals and active oxygen species, like
the oxygen molecule, exhibit contradictory behaviours.
They are crucial for the synthesis of physiologically active
and necessary chemicals and are significant mediators in
signal transduction. They are also known to be toxic and
contributes to a number of illnesses 1.

There is growing evidence that ROS are involved in a
number of typical in-vivo regulation mechanisms. By
oxidising membrane lipids, cellular proteins, DNA, and
enzymes, an excess of free radicals can overwhelm defence
enzymes like superoxide dismutase, catalase, and
peroxidase and cause deadly cellular effects (apoptosis) by
stopping cellular respiration. Furthermore, oxidative stress
has been identified as a major contributor to certain age-
specific illnesses. Lipid peroxides and low molecular weight
molecules generated in the last stages of the oxidative
process are the factors responsible for these disorders. For
instance, numerous investigations have revealed elevated
oxidative damage to every major class of biomolecules in
Alzheimer's patients' brains [* %1, Atherosclerosis, diabetes,
and rheumatoid arthritis are other pathological disorders
linked to evidence of severe damage caused by free radicals
4671 Moreover, oxidative DNA damage is most likely the
cause of cancer.

In the upcoming years, India is expected to produce more
than 200 million tonnes of milk annually. Approximately
55% of the nation's milk production is used to make
different dairy products. Fermented milk products are
thought to make up around 7% of the total amount of milk
produced. In order to prevent milk solids from spoiling,
fermented milk products were created all over the world and
have endured for generations in underdeveloped nations.
The production scale varied from home-based to large-scale,
involving the utilisation of specific starter cultures,
automated procedures, and contemporary machinery.
Products made from fermented milk are well-liked due to
their unique flavour, refreshing taste, and enhanced
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digestibility, among other organoleptic qualities. It is easy to
modify the content of fermented milk products to satisfy
different nutritional needs. Due to their numerous nutritional
and medicinal qualities, Indian fermented milk products
have been shown to have dietetic relevance 81,

Lassi is a well-known traditional Indian fermented milk
product that is regularly consumed in practically every
household in our nation. It is made by fermenting milk with
lactic acid bacteria and is regarded as a functional food
because of its established nutritional benefits as well as its
therapeutic and health-promoting qualities. According to
empirical data, value-added goods with extra health
advantages are progressively making up the average Indian's
food basket [& 91,

Lemongrass (Cymbopogon citratus) is a kind of grass of the
Gramineae family. It is a tall, clumped perennial grass that
can reach a height of one metre. The leaf blade can reach a
maximum length of 50 cm and a maximum width of 1.5 cm.
It is linear and tapered at both ends. This tropical grass is
indigenous to Sri Lanka and western India. It produces
fragrant oil that is used in medicine, fragrance, and
flavouring. It has been utilised for centuries in South
America and India and is said to have a variety of
therapeutic properties. Although there are many species of
lemongrass, just a few are suggested for use in food and
medicine [,

The leaves and shoots of the lemongrass plant are used to
make lemongrass extract, which is utilised in a variety of
culinary items, such as frozen goods and drinks. According
to reports, lemongrass extract has a number of health
advantages. Only the essential oil extracted from fresh or
dried lemongrass leaves are utilised. Because of its strong
lemon flavour, lemongrass is frequently utilised as an
essential ingredient in Asian cuisines. Additionally, it is said
to be a beloved component of Thai food and recipes F1.

In India, lemongrass herbal tea is used as both an
immunostimulant and a sedative. Typically, lemongrass was
only recognised for its fragrant qualities. But it also has
several health advantages, making it a priceless herb.
According to reports, lemongrass extract has antioxidant,
antibacterial, and antifungal qualities, detoxifies the liver,
pancreas, kidney, bladder, and digestive tract, and



strengthens the immune system. Lemongrass flavour pairs
nicely with acidic items, just way citrus flavours do. Thus,
the suggested research study will try to create herbal lassi
with increased antioxidant activity by using lemongrass.

Materials and Methods

Milk: Fresh, chilled, raw cow milk of Kankrej breed was
collected from the Livestock Research Station (LRS),
SDAU, Sardarkrushinagar.

Lemongrass: Lemongrass (Cymbopogon citratus) grown in
the Centre for Agro-Forestry, Forage Crops and Green Belt,
SDAU was used for the study. Fresh green matured leaves
of medium size were selected and cut from the plant.

Lactic cultures: Freeze dried DVS culture (Lyofast MS 059
ET) consisting of specifically selected blend of lactic acid
bacteria used for preparing the fermented milk products was
obtained from Sacco System, Italy.

Skim milk powder: Spray dried skim milk powder (SMP)
was procured from Banas dairy, Palanpur, Gujarat and was
used for standardization of solid not fat (SNF) level.

Sugar: Crystalline sugar procured from the local market
was used as the sweetening material in the preparation of
fermented product.

Method for preparation of lemongrass incorporated
herbal lassi

The herbal lassi was prepared by adding different levels i.e.
T1 (0.0%, control), T2 (1.0%), T3 (1.5%), T4 (2.0%) and
T5 (2.5%) of concentrated lemongrass extract (CLE)
possessing highest antioxidant activity. Optimization of
level of addition of CLE was carried out through sensory
evaluation using 9 points Hedonic scale by a panel of 7
semi-trained judges. The sensory attributes like flavour,
body and texture, colour and appearance, product acidity
and overall acceptability were used for sensory evaluation
of lassi. The scores were ascertained for each factor and
expressed numerically. Finally, based on the sensory
acceptability of the product, addition of CLE (2.0%) was
considered as the best level for incorporation into lassi .
The control lassi as well as lassi prepared with addition of
CLE (2.0%), adjudged as best optimized product on the
basis of sensory evaluation were packed in polypropylene
cups with lid and stored at refrigeration temperature
(4£1°C). The samples were drawn after every 3 days till its
acceptable sensory attributes and analyzed for change in
their total phenol content and antioxidant activity (ABTS
and DPPH assay). The samples were also analyzed for
changes in sensory attributes, pH and microbial load.

Analysis of control and optimized lassi

During storage study, the control and optimized lassi
samples were analyzed for sensory attributes viz. flavour,
body and texture, colour and appearance, product acidity
and overall acceptability. The pH was determined using
digital bench top pH meter %, The samples were also
analyzed for TPC I and antioxidant potential by ABTS
assay [*2 131 and DPPH assay [*4. Analysis of yeast and
mould counts and the coliform counts of the samples were
ascertained as suggested by [*51,

Statistical analysis

A completely randomized design (CRD) with 3 repetitions
was used for data analysis. The data are presented as
meanszstandard error of mean (SEm). Analysis of variance
(ANOVA) was used to determine the main effects of
treatments [16. 171,

Results and Discussions

Changes in sensory attributes

The control lassi as well as lassi prepared with addition of
CLE (2.0%) samples were stored at refrigeration
temperature (4+1°C) were monitored for changes in various
sensory attributes viz. flavour, body and texture, colour and
appearance, product acidity and overall acceptability after
every 3 days till its acceptable sensory attributes up to the
period of 21 days and the results are illustrated in Table 1.

A key sensory factor in determining the acceptability of
lassi is flavour. The results showed a substantial (P<0.05)
decline in the flavour of both the control and lemongrass
incorporated lassi over the storage period; however, the
decline was more noticeable in the control sample as
compared to CLE added lassi (Table 1). Even at low
temperatures, fermentation continues to alter the flavour
compounds 1€, In addition, lassi should be smooth-textured
and should have a good body. Regardless of the control or
experimental sample, it was found that the body and texture
scores significantly (P<0.05) declined during storage. The
loose body observed during the progress of storage period
may be the cause of decline in scores [*°1. During storage,
there was a noticeable difference between colour and
appearance of the control and CLE added lassi and the
scores of samples decreased significantly (P<0.05) till the
end of storage period. Similarly, the sensory scores for
product acidity of control and CLE lassi were significantly
(P<0.05) decreased throughout the storage period. The
declining trend might be caused by an increase in acidity,
which could be linked to the creation of organic acids as a
result of ongoing fermentation during storage °l. Unlike
other sensory characteristics, overall acceptability scores of
all samples significantly (P<0.05) declined over the storage
period; however, the control sample’s decline was more
rapid than that of the CLE lassi samples.

Table 1: Effect of refrigerated storage on sensory attributes of lassi

Control lassi
Storage Days Flavour Body and Texture Colour and Appearance Product Acidity Overall Acceptability
0 8.07+0.09°A 8.30+0.11°A 7.82+0.14% 7.86+0.13% 7.96+0.16™
3 8.01+0.128A 8.14+0.14%A 7.73£0.12% 7.61+0.08" 7.74+0.14%
6 7.8620.13%A 7.9420.07%9A 7.58+0.09¢" 7.49£0.11°% 7.41+0.15%A
9 7.51+0.08%A 7.76+0.11¢A 7.23+0.16% 7.18+0.09%A 7.04£0.11%A
12 7.30+0.10%A 7.41+0.08°A 6.88+0.15% 6.74+0.13A 6.68+0.07°A
15 6.53+0.16° 7.12+0.13%A 6.45+0.13%4 6.42+0.10°4 6.36+0.11°4
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18 5.15+0.09%A 6.84+0.1134 5.69+0.15% 6.10+0.12%4 5.83+0.13*
Optimized lassi
Storage Days Flavour Body and Texture Colour and Appearance Product Acidity Overall Acceptability
0 8.58+0.16°8 8.28+0.08® 8.23+0.11°8 8.34+0.15°%8 8.49+0.10™®
3 8.53+0.12¢8 8.16+0.14°® 8.19+0.13°%® 8.26+0.11°8 8.33+0.14"®
6 8.45+0.10%E 7.87+0.07%8 7.95+0.08%E 8.13+0.09%8 8.260.09°™
9 8.21+0.12%8 7.69+0.11%%8 7.730.14%%® 7.84+0.13% 8.01+0.12%8
12 7.86+0.15%8 7.44+0.08%8 7.6520.09Pd8 7.51+0.12¢8 7.81+0.08%®
15 7.78+0.098 7.05+0.138 7.51+0.07°8 7.29+0.09°B 7.64+0.16°8
18 7.46+0.13%8 6.86+0.11%8 7.39+0.10°8 6.95+0.13"8 7.35+0.1208
21 7.11+0.08° 6.72+0.15° 7.04+0.132 6.51+0.112 7.03+0.112
Means with different superscripts in each column (a, b, c, d, e, f) and (A, B) differ significantly (P < 0.05) from each other. Data are
presented as means + SEm (n = 18).

Changes in total phenolic content (TPC) and antioxidant
capacity (ABTS & DPPH)

The changes in TPC and antioxidant capacity (ABTS,
DPPH assay) of control as well as CLE incorporated lassi
were determined after every 3 days up to the period of 21
days and the results are shown in Table 2. The results
delineated significant (P<0.05) decrease in TPC (UM
GAE/100 g) of control and CLE lassi from 27.45+0.03 and
50.28+0.04, of fresh product to 13.26+0.02 and 34.57+0.04
of 21 day stored product, respectively. Similarly, the
antioxidant capacity (UM TE/100 g) of control and CLE
lassi measured by ABTS assay was significantly (P<0.05)
decreased from 9.67+0.02, 19.46+0.03 at 0 day to

3.08+0.03, 11.53+0.02 at 21% day, respectively, whereas
DPPH values were observed to decrease significantly
(P<0.05) from 13.934#0.03, 33.53+0.05 at 0 day to
7.26+0.03, 23.61+0.05 at 21% day, respectively. Although,
the TPC and antioxidant capacity of CLE incorporated lassi
was decreased during the storage period, but according to
reports, even minute levels of phenolic compounds found in
fruits and medicinal plants may have positive impacts on
human health, including antioxidant, antibacterial, anti-
inflammatory, anticarcinogenic action and are also
associated with a lower mortality risk due to cardiovascular
diseases 2% 22,

Table 2: Effect of refrigerated storage on TPC and antioxidant capacity (ABTS, DPPH) of CLE incorporated herbal lassi

Total phenolic content ABTS - Antioxidant capacity DPPH - Antioxidant capacity
Storage (UM GAE™/100 g) (UM TE#/100 g) (UM TE#/100 g)
period (days) CLE incorporated CLE incorporated CLE incorporated

Control herbal lassi Control herbal lassi Control herbal lassi
0 27.45 + 0.039° 50.28 + 0.04%® 9.67 + 0.027 19.46 + 0.03%8 13.93 + 0.03 33.53 + 0.05¢8
3 26.63 + 0.02f9A 49.91 +0.03® 9.15 + 0.04™ 19.21 + 0.06°8 13.65 + 0.04% 33.36 + 0.04°8
6 25.78 + 0.03™ 49.36 + 0.04°® 8.09 + 0.02¢A 18.77 + 0.04B 12.48 + 0.02¢A 32.91 + 0.06°8
9 23.71 £ 0.02¢A 48.42 + 0.05°8 7.72+0.03%A 17.51 £ 0.02%8 12.15 + 0.05%A 32.64 + 0.04%8B
12 20.39 + 0.04% 45.67 + 0.02% 6.63 + 0.03% 16.86 + 0.05% 11.34 +£0.03% 31.72 +£0.03%
15 17.56 + 0.03A 41.13 + 0.05°® 5.38 + 0.05% 15.64 + 0.02°B 10.17 + 0.04A 28.53 +0.04°8
18 15.11 + 0.02°4 37.84 + 0.06"8 4.24 +0.02A 13.75 + 0.04°8 8.87 +0.03" 25.88 + 0.05°8
21 13.26 + 0.023A 34.57 +0.04%® 3.08 +0.03*A 11.53 + 0.02% 7.26 +0.0324 23.61 + 0.05%

Means with different superscripts in each column (a, b, c, d, e, f, g) and in row (A, B) differ significantly (LSD test, P < 0.05) from each

other. Data are presented as means * SE (n = 3). " - GAE- gallic acid equivalent, # - TE- trolox equivalent

Changes in pH

The control lassi as well as lassi prepared with addition of
CLE (2.0%) samples stored at refrigeration temperature
(4+1°C) were analyzed for changes in pH after every 3 days
till its acceptable sensory attributes and the results are
illustrated table 3. The results depicted decreasing trend in
the pH values of all samples during the entire period of

storage study, however rapid decrease was observed in the
control lassi as compared to CLE lassi. Phattayakorn and
Wanchaitanawong (2009) %] reported that the gram-positive
bacteria are susceptible to antimicrobial activity which may
be related to the slower rate of pH decrease of developed
products, that could have been caused by phenolic
compound’s inhibitory effect on the starter cultures.

Table 3: Effect of refrigerated storage on pH of CLE incorporated herbal lassi

Storage Days - pH - -
Control lassi CLE incorporated herbal lassi

0 4.65 + 0.019A 4.71 £ 0.01M8

3 4.57+0.03" 4.63+0.02%

6 4.48+0.01°A 4,52+0.017

9 4.35+0.049% 4.42+0.04°8

12 4.21+0.02A 4.33+0.04%8

15 4.06+0.01°A 4.24+0.01°8

18 3.88+0.04% 4.12+0.028

21 4..01+0.012

Means with different superscripts in each column (a, b, ¢, d, e, f, g, h) and in row (A, B) were significantly different (P<0.05) from each data.
Data are presented as mean * SE (n=3).
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Microbiological analysis of control and CLE
incorporated herbal lassi

The microbiological analysis (LAB, coliforms and yeast and
moulds) of control as well as CLE incorporated herbal lassi
samples stored at refrigeration temperature (4+1°C) was
performed after every 3 days till their acceptable attributes.

The effect of storage on LAB and yeast and mould counts of

control and CLE lassi are given in table 4. The results of
microbiological analysis revealed that the coliform counts
(cfu/g) were absent in both control as well as CLE
incorporated herbal lassi samples during the entire period of
storage study at refrigeration temperature. Coliform could
not grow in fermented dairy products because of their high
acidity and low pH 24251,

Table 4: Effect of refrigerated storage on LAB and yeast and mould counts of control and CLE incorporated herbal lassi

Storage period Control lassi (log cfu/g) CLE incorporated herbal lassi (log cfu/g)
(days) LAB Yeast and Mould LAB Yeast and Mould
0 8.162+0.17 Nil 8.218+0.14 Nil
3 8.492+0.21 Nil 8.412+0.18 Nil
6 7.81°+0.24 0.78%+0.05 8.26%+0.14 0.17%+0.01
9 7.53°+0.16 0.899+0.11 8.09%+0.14 0.25+0.03
12 7.36P+0.13 1.25°+0.10 7.8720+0.24 0.319+0.05
15 7.28%+0.18 1.43°+0.07 7.465+0.21 0.57°£0.12
18 7.02¢0+0.19 1.812+0.13 7.320+0.20 1.025+0.05
21 6.89%°+0.15 1.98%+0.09 7.04%°+0.15 1.51%+0.11
General Mean 7.56+0.14 1.02+0.08 7.82+0.11 0.48+0.10
SE 0.28 0.03 0.29 0.041
CD (0.05) 0.54 0.19 0.54 0.22
CV% 7.00 18.69 7.27 20.26

Means with different superscripts in each column (a, b, ¢, d) differ significantly (LSD test, P < 0.05) from each other. Data are presented as
means = SE (n = 3).

Conclusion

The present study concludes that lassi prepared with
addition of CLE (2.0%) has 21 days shelf life, when stored
at refrigeration temperature (4+1°C). Storage has led to
decline in sensory quality as well as physico-chemical
parameters. During storage study, the average scores for
flavour, body and texture, colour and appearance, product
acidity and overall acceptability of all samples were
significantly decreased. Similarly, the decrease in pH, TPC
and antioxidant capacity (ABTS, DPPH) was also recorded.
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