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Abstract
Background and objectives: Because of its extraordinary phytomedicinal potential and numerous potential health benefits, 
lemongrass (Cymbopogon citratus), a well-known medicinal and aromatic plant, is of paramount significance. It is typically used 
as a drug replacement.

Methods: The present study was comprised of drying lemongrass into powder and determining the proximate and mineral 
composition, and then developing ethanolic extracts of powder to determine total phenolic contents (TPC), total flavonoid con-
tents (TFC), total carotenoids (TC), and DPPH free radical scavenging activity. Next, lemongrass powder (LGP) was replaced 
at 0, 2.5, 5, 7.5, and 10% levels to develop nutritional biscuits.

Results: The results revealed that lemongrass powder contained higher fiber (8.34 ± 0.04%) and ash (7.26 ± 0.06%) quantities, 
than wheat flour. Similarly, essential minerals Ca, Mg, K, Fe, and Zn contents in LGP were 36.80 ± 0.12, 64.89 ± 0.13, 54.65 ± 
0.18, 12.68 ± 0.05, and 8.46 ± 0.07 mg/100 g dry weight, respectively, which were significantly higher than that calculated in 
wheat flour. Phytochemical analyses of lemongrass ethanolic extracts documented TPC as 240.46 ± 0.20 mg gallic acid equiva-
lent/100 g, TFC as 98.45 ± 0.15 mg catechin equivalent/100 g, TC as 62.36 ± 0.12 mg/100 g, and DPPH activity as 60.18 ± 0.14 
mg AAE/100 g, with such values being significantly higher than those in wheat flour.

Conclusion: Incorporation of LGP at different levels in wheat flour resulted in boosted phytochemical profiles of nutritional 
biscuits, but upon sensory evaluation of biscuits 2.5% level of LGP provided good scores for taste, flavor and overall accept-
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ability, while for color and flavor 5% LGP was also found to be suitable with highest sensory scores.
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Introduction
Lemongrass (Cymbopogon citratus) is a warm-season grass, that is 
a sub-tropical, as well as, tropical plant that is a perennial grass of 
Graminaceae family and genus Cymbopogon. It is a native plant 
with medicinal and fragrant characteristics. At local levels, it is 
identified with various names, such as ‘Gawati Chah’, ‘Nibugrass’, 
and ‘Puthiganda’. In the subcontinent region, approximately three 
lemongrass species have been identified. The lemongrass that is 
grown in the eastern region of India is well known for its oil and 
has a growing market.1 Lemongrass, a potential source of essential 
oils, is also a good potential source of phytochemicals that have 
pharmacological activities.2

As implied by its name, the plant is unique because it contains 
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unstable oil that gives off a beautiful lemon scent. It is used as 
a healing ointment worldwide. Over 16,000 acres of lemongrass 
have been developed globally producing approximately 1,000 
tonnes of lemongrass. Such production includes bulbous stems 
100 cm long and 2 cm broad terete and glabrous leaf sheaths with 
a pointy edge, a narrow base, and a dramatic apex.3,4 Several bio-
active compounds can be found in the decoction, infusion, and es-
sential oil isolates of lemongrass. Lemongrass tea has been shown 
to have antioxidant, anti-inflammatory, antibacterial, antiobes-
ity, antinociceptive, anxiolytic, and other properties that support 
pharmacological claims about its properties. In several developing 
nations, alternative medicine practitioners widely embrace lemon-
grass tea because it is non-toxic, non-mutagenic, and safe.5

The aqueous extracts of lemongrass leaves possess hypoglyce-
mic and hypolipidemic potential.6 Lemongrass extracts have been 
reported to cure dermatitis. Depending on the age of the grass the 
composition of the oil changes. Fresh lemongrass produces 0.67% 
essential oil, which has a high citral content, while dry lemongrass 
produces 0.4% essential oil, which has a citral content of 72.3%.7 
Several studies confirmed that people of the subcontinent used 
lemongrass to cure headaches, nausea, colds, and rheumatic pain.8 
High concentrations of antimicrobial and antioxidant components 
are present in lemongrass extracts and oils.9 Flavonoids, alkaloids, 
tannins, terpenes, phenolics, anthocyanins, steroids, saponins, iso-
flavones, coumarins, lignins, catechin, isocatechins, and ascorbic 
acid are among the many beneficial bioactive compounds present 
in lemongrass oil.10

From ancient times, herbal teas belonging to a range of scientific 
families, are typically used to cure fevers, hacking, colds, and as 
a pleasant tonic or beverage.11 Herbal plants like lemongrass have 
been used to ease stomach pain, encourage perspiration, and produce 
mucus, as well as, being widely used for the treatment of gout.12 
Freshly cut and, to some extent, dried leaves of lemongrass are used 
for medical purposes and are the source of therapeutic oil. Many 
medicinal properties of Cymbopogon citratus include anti-amoebic, 
anti-bacterial, protection against intestinal looseness, anti-filarial, 
and anti-parasitic properties.13 For different efficacy investigations 
to evaluate various health effects, Wang et al.14 reported that extracts 
from lemongrass leaves have health-protective mechanisms.

Ethanolic and acetone extracts in polyphenols of lemongrass 
powder (LGP) had significantly higher antioxidant activities of 
their ethanolic extracts as compared to their acetone extracts.15 
Lemongrass leaves are a source of essential oils, which have an 
extraordinary role as natural preservatives due to their antimicrobi-
al and antioxidant potential.16 Due to their qualities as anticancer, 
antiviral, calming, anti-microbial, as well as, allopathic properties, 
phenolics and flavonoids are two types of polyphenols present in 
lemongrass, which have exhibited antioxidant and antimicrobial 
behavior in chicken sausages.17

As the world emerges from the destructive pandemic period, 
eating the right foods can help to develop and strengthen adap-
tive immunity. Plant-based foods, due to the presence of functional 
and nutraceutical components, are a useful part of a daily diet. 
In the post-COVID era, a sufficient supply of healthy foods that 
are balanced with pharmaceutical foods may play a fundamental 
role in boosting the immune systems of the populace.18 As part of 
this functional food covenant, global communities are looking for 
fresh, nutritious food items that are rich in bioactive ingredients 
like fiber, minerals, vital amino acids, and phenols.19 Worldwide 
consumption of bakery products like biscuits and cookies is high; 
however, such foods lack adequate nutritional value. To enhance 
bakery products with phytochemicals like phenolics, flavonoids, 

vitamins, minerals, carotenoids, natural colorants, and fiber, the 
substances from powdered plants, herbs, fruits as well as veg-
etables may be used as functional ingredients.20 Different parts 
of plants may be extracted to obtain condensed phytochemicals, 
which exhibit strong antioxidant potential upon consumption.21

Despite the use of extracts, essential oils, and isolates from 
lemongrass for medicinal purposes, the scientific community has 
only started to realize the importance of pharma foods, such as 
those equipped with phytochemicals that are transferred from me-
dicinal plants. For such purposes, recent advances have been made 
including, the manufacture of functional yoghurt with lemongrass 
extracts,22 the development of lemongrass-flavored high-nutrient 
cookies,23,24 and the production of lemongrass-incorporated meat 
sausages.17 Compared with previous food product development, 
in current studies comparatively high levels of LGP were inves-
tigated for the development of nutritional biscuits, which were 
analyzed for phytochemical and sensory characteristics. To fulfil 
the need for healthy, pharma foods, the objectives of the current 
research were to convert lemongrass leaves into powder and then 
into ethanolic extracts for estimation of phytochemical composi-
tion. Such undertaking was done to create nutritional biscuits using 
different replacement levels of LGP and to analyze the phytochem-
icals, mineral profiles, and proximate composition of such biscuits. 
The evidence regarding the phytochemistry of lemongrass and the 
possible applications of LGP in food products were taken into con-
sideration when completing the research.

Materials and methods

Collection of raw material
Fresh health leaves, uniform in size, were collected from the bo-
tanical garden of district Sargodha of province Punjab, Pakistan. 
The basis for raw material selection was color and physical status, 
i.e., green color and healthy, disease-free leaves. After raw mate-
rial collection, the specimen was submitted to the Department of 
Botany, University of Sargodha, for identification. For the biscuit 
preparation, ingredients were obtained from the resident market 
in district Sargodha. For each trial ingredients of the same brand 
were used.

LGP preparation
After the selection of healthy, disease-free, and matured leaves of 
lemongrass, the leaves were then subjected to washing (with clean 
water), cutting, blanching and then, subsequently, drying. The 
lemongrass leaves were dried using the cabinet dryer (TS-2266, 
Biobase, China), at 45 °C for almost 7 hours. Once the leaves were 
dried thoroughly, by following the methodologies of Thorat et 
al.,24 they were ground into a fine powder by using a spice grinder 
(PS-110, Panasonic, Japan), sieved (80 mesh), and then, packed 
and stored for further analyses.

Preparation of lemongrass extracts
After Lemongrass (Cymbopogon citratus), was ground into a 
fine powder the instructions of Irfan et al.,15 were followed for 
the preparation of ethanolic extracts. Briefly, the powder was ex-
tracted in 70% ethanolic solution with 30% water (1 g leaf pow-
der with 20 mL ethanol and water solvent) overnight above room 
temperature. Via gravity filtration, the extracts were filtered using 
the P8 uneven filter, which was tailed by the vacuum clarification 
using a 0.45 µm filter. The extracts were dispersed at 40 °C in a 
rotary evaporator and again constituted in ethanol to obtain the fi-
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nal stock of 200 mg/mL concentration. The ethanolic extracts were 
then passed through an Acro disc of 0.2 µm DMSO-safe syringe 
filter in a biosafety filing cabinet.

Development of formulated biscuits with various replacement 
levels of LGP
The method used to make the biscuits by Hussain et al.25 was mod-
ified in a few key areas. In brief, the ingredients were measured, 
combined, and sheeted to create the batter. With the aid of molds, 
biscuits were then shaped and set in the stainless-steel trays. The 
heating process took place in a baking oven set to 180 °C for 20 
minutes. Wheat flour was used to make biscuits, with each replace-
ment containing a varying amount of LGP. Control biscuits were 
developed with 100% wheat flour and in further treatments, wheat 
flour was replaced with LGP at 2.5, 5, 7.5, and 10% levels to assess 
the impact of LGP on the quality of biscuits.

Chemical analysis of LGP, wheat flour and developed biscuits
The chemical analysis of LGP, wheat flour, and developed biscuits 
was performed by following their respective protocols of method-
ologies.

Proximate analysis:
According to the procedures prescribed by the AAAC,26 the proxi-
mate analyses of the LGP were carried out for ash, fat, fiber, mois-
ture, and protein content, by following their respective methods. 
Such methods include the percentage of moisture method no. 44-
15A, protein method no. 46-12, fat method no. 30-10, fiber method 
no. 32-10, and ash method no. 8-01 of the AACC26 were all used, 
after required modifications. Similarly, the proximate analyses of 
wheat flour and LGP-incorporated biscuits were determined by 
adopting the same procedures, also with required modifications.

Mineral analysis
The analyses of essential minerals present in LGP, wheat flour, and 
formulated biscuits were carried out by using atomic absorption 
spectrophotometer (Perkin-Elmer Model 303, Canada), after the 
breakdown of samples with the acid mixture using air acetylene 
flame, by following the guidelines given by Alemayehu et al.27 
Briefly, a small quantity of the powder (1 g) sample was taken and 
then dissolved in the mixture of acids (nitric and perchloric acid) at 
180–200 °C until the mixture solution of acids and powder turned 
clear. To make the final volume, 100 mL of double distilled water 
was added to the solution mixture. Using the atomic absorption 
spectrophotometer, the elemental analysis of the mixture solutions 
was performed. After performing each trial three times, mean val-
ues were determined.

Determination of total phenolic content (TPC)
Following the methodology as proposed by Shen et al.,28 total phe-
nolic contents in the ethanolic extracts of LGP, wheat flour, and de-
veloped biscuits were determined using a VIS-spectrophotometer 
(UV-1900i, Shimadzu, Japan), with some required modifications. 
In brief, 1 mL aliquots of the standard solution were mixed with 
0.5 N Folin-Ciocalteu reagent (0.5 mL), and then by using 75 g/L 
sodium carbonate, the reaction was neutralized at 23 °C for ap-
proximately 2 hours. With the help of a gallic acid solution, a cali-
bration curve was prepared. The phenolic contents were expressed 
as mg gallic acid equivalent per 100 g of dry weight.

Determination of total flavonoid content (TFC)
The colorimetric method used by Bao et al.29 was followed for 

TFC determination, with some modifications. Explaining the pro-
tocols, aliquots (0.5 mL) of approximately diluted solution were 
taken in 15 mL polypropylene conical tubes that contained double 
distilled water (2 mL) and 5% NaNO2 (0.15 mL). Then, 1 mL 
of 1 M NaOH was added after 5 minutes. The reaction solution 
was thoroughly mixed and kept for another 15 minutes. Using 
the catechin curve the total flavonoid contents were determined 
by using VIS-spectrophotometer (UV-1900i, Shimadzu, Japan), in 
triplicate and expressed as mg of catechin equivalent per 100 g of 
dried weight.

Determination of total carotenoid content (TC)
For carotenoid determination, the spectrophotometric technique 
was used as used by de Carvalho et al.,30 with some modifica-
tions. Powder samples of lemongrass, wheat flour, and different 
biscuits, 25 g each, were poured into acetone/n-hexane (80 mL, 
1:1, vol/vol) and were thoroughly mixed and filtered under vacu-
um. The process was repeated several times until the samples were 
colorless. The organic phase was removed by using the separa-
tion technique to prevent emulsion formation. After the aqueous 
phase was discarded, the process was repeated many times until no 
residual solvent was left. With the help of anhydrous sodium sul-
fate organic dehydration phase was carried out. Carotenoid values 
were expressed as mg/100 g dried weight, and next, all readings 
were calculated in triplicate by using VIS-spectrophotometer (UV-
1900i, Shimadzu, Japan), and the mean values were calculated.

Determination of DPPH free radical scavenging activity
DPPH free radical scavenging activity was determined using the 
standards illustrated by Brand Williams et al.,31 with necessary 
modifications. DPPH of a small quantity of 0.01 g was poured into 
a 25 mL flask having methanol and water solution (80:20 vol/vol). 
An ascorbic acid calibration curve was also made. In microplates, 
100 µl of each sample was taken and then 2 mL solvent and 250 µl 
DPPH were added. The whole mixture was shaken and mixed thor-
oughly and placed in the dark at ambient temperature for approxi-
mately 30 minutes. The results were expressed as mg of ascorbic 
acid equivalent/100 g powder for 30 minutes in the reaction after 
the mean value was computed for each sample.

Sensory evaluation of developed biscuits
The developed products that included LGP-incorporated biscuits, 
were sensory evaluated using a nine-point hedonic rating scale as 
outlined by Tsikritzi et al.32 In a nutshell, a group of 20 specialists 
with an average age of 45 and representation from both genders 
were given sheets with ratings from 1 to 9, where 1 represented an 
extreme dislike and 9 represented an extreme like. The specialists 
were given sample biscuits with particular codes along with dis-
tilled water bottles for mouth washing and neutralizing after each 
test. The gathered information underwent calculation and analysis.

Ethics approval and consent to participate
This study does not involve any experiments on humans and ani-
mals. However, for sensory evaluation of developed products, as 
there are no mandatory national laws, appropriate protocols for 
protecting the rights and privacy of all participants were utilized 
during the execution of the research. Participants gave informed 
consent via the statement “I am aware that my responses are con-
fidential, and I agree to participate in this survey” where an af-
firmative reply was required to enter the survey. They were able to 
withdraw from the survey at any time without giving a reason. The 
products tested were safe for consumption.
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Statistical analyses of the data
Results were reported as means ± standard deviations, and all anal-
yses were carried out in triplicate to obtain determinations. The 
one-way ANOVA method was used for the statistical study. To dis-
tinguish between the mean numbers, Duncan’s multiple-range test 
was utilized by following the protocols elaborated by Steel et al.33

Results

Proximate composition analyses of wheat flour and LGP
Results regarding the proximate composition of LGP and wheat 
flour have been shown in Table 1 that illustrates LGP contained 
higher contents of ash (7.26 ± 0.06%), fiber (8.34 ± 0.04%), and fat 
1.89 ± 0.04%), whereas moisture and protein contents were greater 
in wheat flour.

Mineral composition of wheat flour and LGP
A comparison of important minerals present in wheat flour and 
LGP has been shown in Table 2, where it was evident that con-
tents of Fe (12.68 ± 0.05 mg/100 g), Zn (8.46 ± 0.07 mg/100 g), 
Ca (36.80 ± 0.12 mg/100 g), Mg (64.89 ± 0.13 mg/100 g), and 
K (54.65 ± 0.18 mg/100 g) were significantly greater in LGP as 
compared to wheat flour, which opened the route of incorporation 
of LGP in wheat flour as an efficient source of minerals to meet the 
mineral deficiencies of bakery items.

TPC, TFC, TC and DPPH free radical scavenging activity of 
wheat flour and LGP
Results presented in Table 3 provided the values of TPC, TFC, 
TC, and DPPH free radical scavenging activities of wheat flour 

and LGP. From the results, it is evident that values of TPC, TFC, 
TC, and DPPH free radical scavenging activities of wheat flour 
were 50.30 mg GAE/100 g, 20.38 mg CE/100 g, 12.36 mg/100 
g, and 24.36 mg AAE/100 g, respectively, whereas in LGP they 
were 240.46 mg, GAE/100 g, 98.45 mg CE/100 g, 62.36 mg/100 
g, and 60.18 mg AAE/100 g, respectively. Comparing the bioac-
tive compounds of wheat flour with those present in LGP, it can 
be concluded that LGP has many more phenolics, flavonoids, and 
carotenoids. Such high values of bioactive compounds found in 
extracts of lemongrass have been associated with the medicinal 
potential of lemongrass as phenolics, flavonoids, and carotenoids 
have strong antioxidant and antimicrobial activities.

Proximate composition of LGP- incorporated biscuits
Table 4 presents the results for moisture, ash, fat, fiber, and protein 
contents, both in control biscuits and the LPG-developed biscuits. 
From the results, it was clear that the incorporation of LGP in-
creased ash, fat, and fiber contents of formulated biscuits, whereas 
protein and moisture contents were decreased. Contents of ash and 
fiber in control biscuits were 1.89 ± 0.01 and 0.43 ± 0.01%, respec-
tively, which were significantly increased to 3.10 ± 0.04 and 3.25 ± 
0.06% respectively in 10% LGP-incorporated biscuits, which oc-
curred due to higher ash and fiber contents present in LGP. The de-
crease in moisture and protein contents was due to lower moisture 
and protein contents in LGP, as compared to wheat flour.

Mineral composition of LGP- incorporated biscuits
Results of mineral contents present in LGP-incorporated biscuits 
have been presented in Table 5, from where it was clear that the 
fortification of LGP in different ratios significantly increased the 
mineral contents of fortified biscuits. Values of Ca, Mg, K, Fe, and 

Table 1.  Analysis of moisture, ash, protein, fat and fiber contents in wheat flour and LGP

Flours
Proximate analyses (%) of wheat flour and LGP

Moisture Ash Protein Fat Fiber

Wheat Flour 12.95 ± 0.04a 1.15 ± 0.01b 10.36 ± 0.06a 0.82 ± 0.02b 0.92 ± 0.04a

LGP 8.12 ± 0.02b 7.26 ± 0.06a 8.18 ± 0.04b 1.89 ± 0.04a 8.34 ± 0.04a

Column-wise values with similar alphabetical letters indicate non-significant results, while values with dissimilar alphabetic letters indicate significant results. LGP, lemongrass 
powder.

Table 2.  Analysis of important minerals (calcium, magnesium, potassium, iron and zinc) present in wheat flour and LGP

Flours
Mineral composition (mg/100 g) of wheat flour and LGP

Calcium Magnesium Potassium Iron Zinc

Wheat Flour 30.44 ± 0.08b 42.98 ± 0.9b 38.68 ± 0.15b 2.75 ± 0.04b 2.52 ± 0.04b

LGP 36.80 ± 0.12a 64.89 ± 0.13a 54.65 ± 0.18a 12.68 ± 0.05a 8.46 ± 0.07a

Column-wise values with similar alphabetical letters indicate non-significant results, while values with dissimilar alphabetic letters indicate significant results. LGP, lemongrass 
powder.

Table 3.  Total phenolic contents, total flavonoid contents, total carotenoids and DPPH free radical scavenging activity of wheat flour and LGP

Flours Total Phenolic Con-
tent (mg GAE/100 g)

Total Flavonoid Con-
tent (mg CE/100 g)

Total Carotenoids 
(mg/100 g)

DPPH free radical scaveng-
ing activity (mg AAE/100 g)

Wheat Flour 50.30 ± 0.13b 20.38 ± 0.08b 12.36 ± 0.14b 24.36 ± 0.09b

LGP 240.46 ± 0.20a 98.45 ± 0.15a 62.36 ± 0.12a 60.18 ± 0.14a

Column-wise values with similar alphabetical letters indicate non-significant results, while values with dissimilar alphabetic letters indicate significant results. AAE, ascorbic acid 
equivalent; CE, catechin equivalent; DPPH, 2,2-diphenyl-1-picrylhydrazyl; GAE, gallic acid equivalent; LGP, lemongrass powder.
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Zn in control biscuits were 22.46 ± 0.16, 15.68 ± 0.09, 49.23 ± 
0.09, 2.08 ± 0.02, and 1.18 ± 0.02 mg/100 g biscuits, respectively, 
which were significantly higher in 10% LGP incorporated biscuits 
at 25.50 ± 0.04, 26.83 ± 0.16, 56.26 ± 0.18, 7.02 ± 0.04 and 4.27 
± 0.02 mg/100 g biscuits, respectively. Significantly high amounts 
of minerals, especially Zn and Fe in 10% LGP incorporated bis-
cuits, were aspects of this study, to be taken as positive for the 
development of pharma foods. The provision of zinc and iron to 
the malnourished populations, a challenging task, could be accom-
plished through the development, marketing and consumption of 
LGP-incorporated biscuits.

TPC, TFC and total carotenoids and DPPH free radical scaveng-
ing activity of LGP-incorporated biscuits
Results presented in Table 6 provide the TPC, TFC, TC and DPPH 
free radical scavenging activity of control and LGP incorporated 
biscuits. Amounts of TPC, TFC, TC and DPPH free radical scav-
enging activities of control biscuits were significantly lower than 

those of 10% LGP incorporated biscuits and the values were 
50.30 mg GAE/100 g, 20.38 mg CE/100 g, 1.96 mg/100 g, and 
5.88 mg AAE/100 g, respectively. On the other hand, the values 
were significantly boosted in 10% LGP incorporated biscuits and 
were 260.45 mg GAE/100 g, 62.80 mg CE/100 g, 5.03 mg/100 
g and 17.42 mg AAE/100 g, respectively. From the experimental 
values, a positive correlation can be observed among phenolics, 
flavonoids, carotenoids, and antioxidant activity, as an increment 
of the bioactive compounds caused an increment in the antioxidant 
capacity of biscuits.

Sensory evaluation of LGP-incorporated biscuits
Results containing scores of sensory evaluation of different treat-
ment biscuits have been shown in Table 7, from where it can be 
easily analyzed that for color and flavor of biscuits, a 5% replace-
ment level of LGP was preferred by judges, whereas a 2.5% level 
of LGP got best scores for texture, taste and overall acceptability. 
On the other hand, higher replacement levels, although improving 

Table 4.  Analysis of moisture, ash, protein, fat and fiber contents in LGP-incorporated biscuits

Substitution 
Plan of Biscuits

Proximate composition (%) of LGP-incorporated biscuits

Moisture Ash Protein Fat Fiber

0% (Control) 5.36 ± 0.04a 1.89 ± 0.01e 7.28 ± 0.04a 26.32 ± 0.05c 0.43 ± 0.01e

2.5% LGP 5.12 ± 0.02b 2.06 ± 0.01d 7.20 ± 0.02a 26.75 ± 0.08b 0.89 ± 0.03d

5% LGP 4.92 ± 0.01c 2.46 ± 0.01c 7.02 ± 0.01ab 26.97 ± 0.02bc 1.56 ± 0.02c

7.5% LGP 4.50 ± 0.02d 2.83 ± 0.01b 6.92 ± 0.02ab 27.15 ± 0.07ab 2.48 ± 0.03b

10% LGP 4.26 ± 0.03e 3.10 ± 0.04a 6.62 ± 0.03c 27.62 ± 0.04a 3.25 ± 0.06a

Column-wise values with similar alphabetical letters indicate non-significant results, while values with dissimilar alphabetic letters indicate significant results. LGP, lemongrass 
powder.

Table 5.  Analysis of important minerals (calcium, magnesium, potassium, iron, and zinc) present in LGP-incorporated biscuits

Substitution Plan 
of Biscuits

Mineral Composition (mg/100 g) of LGP-incorporated biscuits

Calcium Magnesium Potassium Iron Zinc

0% (Control) 22.46 ± 0.16e 15.68 ± 0.09e 49.23 ± 0.09e 2.08 ± 0.02e 1.18 ± 0.02e

2.5% LGP 23.39 ± 0.12d 18.45 ± 0.10d 51.73 ± 0.14d 3.14 ± 0.07d 1.92 ± 0.04d

5% LGP 23.98 ± 0.09c 20.45 ± 0.11c 52.82 ± 0.12c 4.42 ± 0.08c 2.69 ± 0.04c

7.5% LGP 24.76 ± 0.08b 23.76 ± 0.12b 54.10 ± 0.12b 5.84 ± 0.03b 3.56 ± 0.05b

10% LGP 25.50 ± 0.04a 26.83 ± 0.16a 56.26 ± 0.18a 7.02 ± 0.04a 4.27 ± 0.02a

Column-wise values with similar alphabetical letters indicate non-significant results, while values with dissimilar alphabetic letters indicate significant results. LGP, lemongrass 
powder.

Table 6.  Total phenolic contents, total flavonoid contents, total carotenoids and DPPH free radical scavenging activity of LGP- incorporated biscuits

Substitution Plan 
of Biscuits

Total Phenolic Con-
tents (mg GAE/100 g)

Total Flavonoid Con-
tents (mg CE/100 g)

Total Carotenoids 
(mg/100 g)

DPPH free radical scaveng-
ing activity (mg AAE/100 g)

0% (Control) 50.30 ± 0.12e 20.38 ± 0.04e 1.96 ± 0.03e 5.88 ± 0.02e

2.5% LGP 140.46 ± 0.10d 38.45 ± 0.02d 3.58 ± 0.02d 8.20 ± 0.02d

5% LGP 155.78 ± 0.17c 46.35 ± 0.04c 3.96 ± 0.02c 10.79 ± 0.03c

7.5% LGP 210.30 ± 0.13b 53.89 ± 0.03b 4.28 ± 0.02b 14.25 ± 0.02b

10% LGP 260.45 ± 0.13a 62.80 ± 0.09a 5.03 ± 0.04a 17.42 ± 0.03a

Column-wise values with similar alphabetical letters indicate non-significant results, while values with dissimilar alphabetic letters indicate significant results. AAE, ascorbic acid 
equivalent; CE, catechin equivalent; DPPH, 2,2-diphenyl-1-picrylhydrazyl; GAE, gallic acid equivalent; LGP, lemongrass powder.
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the nutritional values of the developed biscuits, had their sensory 
scores significantly decreased for all parameters. Overall accept-
ability scores were just 5.42 ± 0.48 for 10% LGP incorporated bis-
cuits, which were significantly lesser than 7.6 ± 0.52, the scores of 
2.5% LGP incorporated biscuits. The optimum replacement level 
of LGP to develop good quality biscuits, which were not only of 
nutritional and medicinal importance but also liked well by con-
sumers, a 2.5 to 5% level of replacement could be recommended 
that might prove effective for both food producers and consumers 
alike.

Discussion
Higher contents of ash and fiber were positive indications for uti-
lizing LGP as a source of functional components in food prod-
ucts. Radwan and Elmaadawy34 provided the values of ash, fat, 
fiber, protein, and moisture contents of LGP, which did not differ 
significantly from those currently documented. Hussain et al.25 
performed a proximate analysis of white flour before the develop-
ment of nutritional biscuits and provided values of moisture, ash, 
fat, fiber, and protein contents in white flour as 13.56, 1.05, 0.97, 
0.72, and 10.11 mg/100 g, respectively. Such values were closely 
related to the results of the present study where the authors identi-
fied lesser amounts of ash, fat and fiber contents in wheat flour as 
compared to LGP. Figure 1 presents the summarized work plan 
conducted on lemongrass and lemongrass powder incorporated 
biscuits.

Thorat et al.24 produced LGP and determined proximate com-
position of lemongrass fresh leaves and then developed powder, 
with values of moisture, ash, fat, protein, and carbohydrates re-
corded at 7.01, 11.28, 1.45, 11.15, and 65.78%, respectively. Re-
ported higher values of ash and protein may be due to cultivation 
and climate differences of the lemongrass that affect the chemical 
composition among the same varieties of the same crops. From the 
results of Thorat et al.,24 it was evident that there is a decrease in 
moisture, protein, and fat content and an increase in carbohydrates, 
fiber, and ash content of wheat flour-based bakery products that 
occurred due to the specific proximate composition of LGP. Simi-
lar results for proximate analysis of LGP were also present in the 
research work of Irfan et al.,15 highlighting the higher contents of 
ash and fiber.

Performing similar experiments on lemongrass, Asaolu et al.35 
reported moisture, protein, ash, and fiber contents in LGP as 5.76, 
4.56, 20.30, and 55%, respectively. Higher values of fiber and ash 
contents in their study might be due to environmental and agricul-
tural land factors. Alemayehu et al.27 evaluated another medicinal 
plant, nettle leaves (Urtica simensis) flour for proximate compo-

sition and results revealed that this plant contained a sufficient 
amount of ash, protein, and fiber, to be utilized in wheat flour for 
the development of noodles, and this can be connected with the 
present research, as use of medicinal plants powders could prove 
helpful in the development of pharma foods.

Birhanu et al.36 determined some important minerals present 
in lemongrass and the results supported our study. Significant 
amounts of iron, zinc, magnesium, calcium, and potassium were 
found in lemongrass. According to the results, lemongrasses are an 
important origin of essential minerals. The mineral concentrations 
in the examined samples fell under WHO’s maximum allowable 
limits, making them safe for consumption by people. Their data 
reflected the average content of calcium, magnesium, potassium, 
iron, and zinc in LGP, which were closely related to the present 
findings. Giving findings just in line with current ones, Ranade and 
Thiagarajan37 reported that LGP contained high calcium, phospho-
rus, and potassium values. The deficiency of wheat flour for zinc 
and iron was reported by Hussain et al.25 when they provided the 
respective values of iron and zinc as 2.85 and 2.63 mg/100 g of 
white flour, which was closely related to the findings given in the 
current work, and these values were much less than present in LGP.

Several earlier investigations have provided strong scientific 
evidence about the presence of both trace and macro minerals in 
wild and domestic medicinal plants, due to which these plants and 
their powders find their route into pharma foods. Asaolu et al.35 
explored some macro and trace minerals in LGP and found suffi-
cient quantities of Se, Zn, Fe, Ca, Cu, and K. They reported slightly 
higher values of Fe and Zn in LGP as compared to current results, 
and such variation in results might be due to several factors in-
cluding maturity stage of the plant used, cultivation environment, 
genotype, and techniques adopted for analysis. While performing 
similar research work, Alemayehu et al.27 explored mineral con-
tents in a wild medicinal plant powder, before its utilization in ex-
truded product. They reported that nettle leaves (Urtica simensis) 
flour possessed sufficient amounts of iron, zinc, and calcium.

Phenolics, flavonoids, and carotenoids are among the important 
phytochemical classes, known for their health-promoting poten-
tial, as they stop the onset of many diseases. Bioactive substances 
are essential for human nutrition and health.38 In greater amounts, 
the antimicrobial and antioxidants are present in lemongrass oil. 
Extracts and oils of lemongrass, both rich in several beneficial 
bioactive substances other than phenolics and flavonoids, which 
are alkaloids, tannins, anthocyanins, steroids, terpenes, saponins, 
isoflavones, coumarins, lignins, catechin, isocatechins, as well as, 
ascorbic acid, and all such components have their positive role in 
scavenging free radicals thus acting as antioxidants.9,10 Thorat et 
al.24 analyzed phenolic and flavonoid components in lemongrass 

Table 7.  Sensory evaluation of LGP- incorporated biscuits

Substitution 
Plan of Biscuits

Sensory evaluation parameters LGP-incorporated biscuits

Color Flavor Taste Texture Overall acceptability

0% (Control) 7.30 ± 0.70b 7.10 ± 0.71b 7.40 ± 0.70b 7.25 ± 0.67b 7.40 ± 0.70b

2.5% LGP 7.60 ± 0.52a 7.80 ± 0.52a 7.80 ± 0.71a 7.65 ± 0.52a 7.60 ± 0.52a

5% LGP 7.62 ± 0.52a 6.75 ± 0.52a 7.20 ± 0.52c 6.78 ± 0.70c 7.36 ± 0.48b

7.5% LGP 6.38 ± 0.52c 7.20 ± 0.63b 6.40 ± 0.63d 6.32 ± 0.48d 5.85 ± 0.48c

10% LGP 5.20 ± 0.52 d 6.22 ± 0.63c 5.50 ± 0.63e 5.25 ± 0.48e 5.42 ± 0.48d

Column-wise values with similar alphabetical letters indicate non-significant results, while values with dissimilar alphabetic letters indicate significant results. LGP, lemongrass 
powder.
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extracts and the results did not differ greatly from this study. Simi-
lar findings have also been documented in the experiments of Irfan 
et al.,15 as they used acetone and ethanol as solvents for extraction 
of LGP and observed higher contents of TPC and TFC in ethanolic 
extracts with higher antioxidant activity, strengthening the use of 
ethanol as an effective solvent for maximizing phytochemicals 
from LGP. Falah et al.39 reported that the extract of lemongrass 
in 70% ethanol had the lowest IC50 value (79.4) and the highest 
DPPH inhibition, which displayed the strong antioxidant potential 
of this important herb, just as was proven by our experiments.

In another similar study, Asaolu et al.35 investigated lemongrass 
extracts for the presence of phytochemicals and found appreci-
able values of phenolics, flavonoids, alkaloids, saponins, tannins, 
and steroids, which have a strong relationship with health benefits. 
Further, they reported that extracts of lemongrass exhibited strong 
antibacterial activities also, against selected bacterial species. Rel-

evant findings were also seen when Lu et al.9 used three different 
methods to determine the antioxidant activity of lemongrass extracts 
and reported that lemongrass extracts possess significant antioxidant 
activity very compatible with ascorbic acid, gallic acid, and querce-
tin. As in the current experiment phenolics, flavonoids, and antioxi-
dant activity were calculated in equivalence to the same standards. 
Polyphenols, which are renowned for their anti-inflammatory and 
antioxidant properties, are abundant in lemongrass. In an experiment 
exploring lemongrass oils and extracts, an aqueous residue was pro-
duced after hydro-distilling lemongrass essential oil and was found 
to have a similar phenolic profile as lemongrass extracts and oils. 
Aqueous waste and extracts of lemongrass, both exhibited strong 
DPPH free radical scavenging and anti-inflammatory activities in 
safe modes, without any toxicity,10 which proved that ethanolic ex-
tracts, as well as, aqueous extracts of lemongrass have sufficient bio-
active compounds to be utilized as medicinal agents.

Fig. 1. Summarized work plan, conducted on lemongrass and lemongrass powder incorporated biscuits. 
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The medicinal importance of lemongrass extracts has been 
widely recognized around the globe. Lemongrass extracts, when 
applied to animals, exhibited hypoglycemic and hypolipidemic 
activities, which might be attributed to the bioactive components 
present in this medicinal herb.6 Boeira et al.17 extracted bioac-
tive components from lemongrass and incorporated them in meat 
products to check their antimicrobial and antioxidant activities. 
They stated that phenolics and flavonoids are the major bioactive 
compounds responsible for such medicinal properties. To reduce 
the risk of drug-related toxicity and improve the effectiveness of 
the therapy, lemongrass extracts may be used in conjunction with 
chemotherapeutics. Lemongrass extract has been shown in a clini-
cal trial to have selective anticancer activity.40 Mohamed et al.41 
proved that as compared to the gentamicin group alone, the rats 
treated with LGP and gentamicin exhibited substantial alterations 
in blood urea, nitrogen, and creatinine. During the blood biochem-
ical studies, the use of lemongrass extract to treat the liver and 
kidney tissues improved the health of rats. Such findings can be 
related to the presence of phenolics and flavonoids, which have 
antioxidant potential in animals.

In a food material ash content is the non-organic compounds 
in the food that contain mineral content. Nutritionally, it helps in 
the process of metabolism of other organic compounds such as 
carbohydrates and fats.42 Kukade et al.23 performed a similar ex-
periment by developing lemongrass-flavored high-nutrient cook-
ies. Three cookies were prepared by the substitution of wheat flour 
with poppy seed flour and LGP in different ratios and then were 
tasted for moisture, ash, protein and crude fiber, etc. The results 
showed that calorific values like fat, moisture, and fiber, among 
others were increased by using enriched wheat flour in place of 
refined wheat flour. Outcomes from the study of Radwan and El-
maadawy34 were in line with current results where investigators 
developed nutritional bread by incorporating LGP at various levels 
to find a remarkable increase in ash and fiber contents of the devel-
oped bread. Ash and fiber contents in control bread were 1.20 and 
5.72% respectively, which were increased to 1.48 and 6.34% in 
bread developed with 10% LGP. Supportive findings were also in 
the studies of Thorat et al.24 when they incorporated LGP in cook-
ies at different levels and observed increases in ash, fat, and fiber 
contents of cookies. The increment of ash and fiber contents of 
biscuits developed as a result of the incorporation of lemon pom-
ace powder was recently reported in the study of Hussain et al.43

The development of herbal cookies by Yadav et al.44 also indi-
cated that the addition of organic herbs reduced the moisture con-
tents in the developed cookies. The low contents of moisture in 
supplement cookies were because of the low water absorbability 
and low water contents of incorporated herbs, which also support 
our research, as the addition of LGP into the developed biscuits 
reduced the moisture contents in LGP fortified cookies. Similar 
results obtained from the work of Dias et al.,45 can also be used 
here to support our findings as they performed the nutritional as-
sessment of composite cookies of wheat flour incorporated with 
herbal plant powder. The level of ash, fat, protein, carbohydrate, 
and fiber of the herbal powder incorporated biscuits was in the 
range of USDA National Nutrient Database for Standard Refer-
ence. This research was also an indication that the fortification of 
lemongrass increases the ash, fat, and fiber contents.

Development of some other food products by incorporation of 
herbal plants powders was also observed in some studies, as Ale-
mayehu et al.27 incorporated wheat flour with dried nettle leaves 
(Urtica simensis) flour to develop noodles and noticed a notewor-
thy increase in moisture, ash, protein, and fiber contents of formu-

lated noodles, whereas carbohydrates and fat contents were found 
in decreasing order. Their results supported the findings of the pre-
sent research, that wild and medicinal plant powders can be used 
as nutritional ingredients in bakery and extruded snack products.

Minerals are essential for human nutrition to regulate various 
metabolic processes in the body and also provide support to the 
skeleton. Higher consumption of cereal-based bakery items has led 
to the deficiencies of important minerals in humans, which can be 
encountered by the incorporation of non-wheat flour from plants, 
fruits, and vegetables into wheat flour for the development of nu-
tritional food products.46 The high mineral contents of lemongrass 
are the foundation for the rise in calcium, iron, zinc, and other 
minerals in incorporated biscuits. Infants and young children need 
calcium for healthy growth and development, while iron and zinc 
are essential for metabolism and immunity. Magnesium is another 
mineral that is abundant in carrots. Magnesium is necessary for 
the synthesis of bone, protein, and new cells, the activation of B 
vitamins, the relaxation of muscles and nerves, blood coagulation, 
as well as many other human metabolic processes.47

Birhanu et al.36 experimented to study the levels of trace 
and major minerals in lemongrass. After analysis of lemongrass 
through wet acid digestion, it was evaluated for minerals, utilizing 
the recovery test. Lemongrass was stated as the efficient source of 
minerals as the recovery percentage ranges from 86.9% to 106% 
and was all obtained from identified metals. The concentrations 
of metals K, Ca, Mg, Fe, Mn, Cu, Zn, and Pb range from 743.8 
to 1,020, 123.1 to 129.3, 23.9 to 36.3, 10.35 to 22.3, 10.0 to 12.7, 
1.48 to 2.53, and 0.59 to 1.07 mg/ kg, respectively. The results 
of this research showed that lemongrass was a beneficial and ef-
ficient source of essential metals, and variations in quantities of 
minerals are dependent upon several factors like cultivar, geno-
type, maturity, purity of chemical used and techniques adopted for 
analysis. Similar, increments in the mineral contents can also be 
taken from the work of Bolarinwa et al.,48 in which nutritional 
values and acceptability of the bread fortified with moringa were 
determined. Their study reported that the fortification of organic 
herbal plant powders significantly increased the mineral contents 
of wheat bread. Similar research was conducted by Boriy et al.19 
when herbal extracts fortified pan bread were developed, and the 
results of this finding were quite supportive of our work, as the 
chia seeds fortified bread had high values of minerals like magne-
sium, iron, zinc, and potassium.

Agrahar-Murugkar,49 created fortified bread and biscuits by 
substituting refined wheat flour with herbage, African millet, seed, 
and spices, for enhancing the bio-accessibility and improvement of 
Ca, Zn, and Fe, among others. Their study’s findings demonstrated 
the effectiveness of fortified bread and biscuits as a source of bio-
accessible minerals and their role in enhancing dietary mineral sta-
tus. Another example of the incorporation of herbal plant powders 
for the development of nutritional food items was observed when 
Alemayehu et al.27 dried nettle leaves (Urtica simensis) to develop 
nutritional flour and incorporated in wheat flour for the develop-
ment of noodles. By comparing the formulated noodles with the 
control sample, they concluded that a significant increase in essen-
tial minerals like calcium, iron, and zinc was observed in noodles, 
which was credited to the high mineral contents in the powder of 
the medicinal plant used. The observations of Hussain et al.25 also 
produced similar outcomes to those herein, as they reported an in-
crease in iron and zinc contents of wheat biscuits when incorpo-
rated with different portions of pumpkin powder.

Lemongrass methanolic extracts were involved in antioxidant 
and antimicrobial activities, which was probably due to their high 
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TPC and TFC values.50 In another study, three different varieties 
of lemongrass were tested for their phytochemical and antioxidant 
potential, and the results were promising, indicating the directly 
proportional relation between TPC and DPPH free radical scav-
enging activities of lemongrass extracts.51 Revealing the medici-
nal importance of this medicinal herb, fresh and dried lemongrass 
leaves were compared with commercially available teas for the 
presence of phytochemicals and antioxidant activities, and results 
showed that this herbal plant has sufficient amounts of TFC and 
TPC with high antioxidant capacities.52 The antioxidant effect 
of lemongrass was tested in another study, when lemongrass oils 
were introduced in soya bean oil, and DPPH assay was performed 
to calculate free radical scavenging activity. Further, the TPC and 
TFC of formulated oils were also higher.53

While baking cookies, made with the incorporation of different 
nutritional flours with high TPC and TFC values, it was observed 
that baking did not affect the TPC of the flour or dough, but slight-
ly decreased the level of TFC, nonetheless benefitting consumers 
by increasing nutrition through the incorporation of different plant 
flours in cookies. In addition, it was shown that the developed 
cookies contained high phytochemicals.54 Another study by Dias 
et al.45 reported the presence of phytochemicals including flavo-
noids, phenolics, alkaloids, saponins and tannins in herbal cookies, 
developed to promote human health.

Polyphenols are the most prevalent and easily available phe-
nolic contents in plants, and according to Valenzuela et al.,55 plants 
contain large amounts of polyphenol compounds, which give them 
many of their antioxidant qualities. The amount of DPPH free radi-
cals that can be scavenged is directly proportional to the polyphe-
nol content. Euphorbia eriophora, a medicinal plant, was shown to 
have DPPH free radical scavenging activity, and it was established 
that a lot of products can benefit from using this native plant as a 
natural antioxidant agent.56

Many examples from earlier studies showed that adding plant 
powders to biscuits increased their TPC equated to normal wheat 
flour biscuits. In a study, Ismail et al.57 measured the TPC and 
DPPH free radical scavenging activities of the developed cookies 
by adding pomegranate peel powder in various ratios to straight-
grade flour. Cookies made with 100% straight-grade flour had a 
TPC of 90.70 mg GAE/100 g, and as the replacement amount of 
pomegranate peel flour was raised, a discernible rise in the TPC 
of cookies was observed. By adding pumpkin peel, flesh, and 
seeds powders in various quantities to nutritional biscuits, Hus-
sain et al.58 achieved results that were remarkably similar to those 
of the current study in terms of the biscuits’ capacity to scavenge 
free radicals, as TPC, TFC, TC, and DPPH activity were raised. 
Choi59 made pine needle cookies that were shown to have a modest 
DPPH activity (6%) when made with 100% wheat flour, but a large 
increase (60%) was seen when up to 5% pine needle flour was 
added. Also, he concluded that cookies with higher total phenolic 
contents exhibit greater antioxidant activity.

The sensory properties of the herbal biscuits incorporated with 
LGP, including color, flavor, taste, texture, and overall acceptabil-
ity, were evaluated using a 9-point hedonic scale. Increased LGP 
content over 3% has a negative impact on the sensory quality of 
cooked cookies, as was reported by Thorat et al.,24 after an experi-
mental study, whereas our experiments concluded that up to 5% 
level could be acceptable for the development of good quality bis-
cuits. Supportive findings were also present in the trials of Hussain 
et al.25 observing the use of fruits and vegetable powders at lower 
levels proved beneficial to develop acceptable bakery products. 
The current study’s findings were also supported by the sensory 

analysis of a study by Bolarinwa et al.,48 which showed that the 
bread made with 5% moringa was not significantly different from 
the bread made with 100% wheat flour, in terms of the majority of 
the quality attributes assessed. Similar findings were also present 
in the research work by Boriy et al.19 during the development of 
pan breads, as suitable levels of incorporated powders can provide 
the required quality of bread.

Similarly, the sensory attributes of lemongrass and lime juice in-
corporated beverages developed by Kieling and Prudencio60 were 
significantly positive on the 9-point hedonic scale. The results de-
rived from the acceptance levels, based upon the characteristics of 
color, flavor, and aroma, among others, of that study suggested the 
high-level possibilities of incorporation of lemongrass constitutes 
in various food commodities would possibly bring positive accept-
ance outcomes. This would also help the consumers to attain better 
health and nutrition status by utilizing the properties of various 
constituents present in these fortified commodities. Findings of a 
recent study by Hussain et al.43 also witnessed that suitable re-
placement levels of flour from lemon pomace provided optimum 
quality biscuits with high nutritional components.

According to Abdel-Naeem et al.,61 using powders from lemon, 
orange, grapefruit, and banana peels increased the organoleptic 
scores for chicken patties in terms of color, aroma, appearance, and 
tenderness. The developed final products were well received by the 
judges, opening up new avenues for the development of dairy, bak-
ery, beverage, and meat products by using non-wheat powders from 
medicinal plants. Similar results were also present in the studies 
of Alemayehu et al.27 when they developed noodles with different 
formulations of wheat flour and a medicinal plant powder. They 
reported that a 5% incorporation level was found to be acceptable 
as this product produced good scores, close to the control. The pres-
ence of more flavoring compounds and polyphenols in LGP may 
account for the decreased flavor and taste scores of biscuits with 7.5 
and 10% LGP replacement, while the presence of more fiber may 
also contribute to the decreased texture scores with higher LGP lev-
els. Low scores of overall acceptability and appearance are a result 
of the 10% LGP biscuits’ more yellow to greenish hue, which is a 
result of natural pigments found in lemongrass.

Lemongrass is a safe food additive with no toxicity
Lemongrass is believed to be harmless for both human health and 
the environment due to its non-toxic mechanism of action. The ma-
jority of non-target animals, including humans, are not poisoned 
by LGP or extracts, a common culinary ingredient in many cui-
sines. Lemongrass extracts are GRAS (Generally Recognized as 
Safe) food additives. The European Chemical Agency (ECHA) has 
recognized lemongrass oil as a chemical under the REACH (Reg-
istration, Evaluation, Authorization and Restriction of Chemicals) 
regulation. Lemongrass extracts guard food’s sensory qualities and 
suppress microbial activity, avoiding food deterioration, maintain-
ing product quality, and increasing shelf life.16 In Pakistan there is 
no legal approval required to use lemongrass as a food additive, 
and from the literature reviewed, no toxicity effects of the use of 
lemongrass were observed. As lemongrass leaves used in the cur-
rent study were manually harvested from the botanical garden of 
district Sargodha, Pakistan, and no use of any pesticide on lemon-
grass was confirmed by the management of the garden.

Conclusion
The predominance of phytochemicals in lemongrass draws sci-
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entists and researchers to use this cost-effective and nutritious 
herb for the development of functional foods. Lemongrass con-
tains beneficial components that can be extracted, separated, and 
used in the manufacturing of medicines. In current research work, 
lemongrass leaves were converted into powders, which were fur-
ther extracted using 80% ethanol to find out the presence of phy-
tochemicals in this herb. Concluding the major findings, signifi-
cantly higher amounts of ash, fiber, Zn, Fe, Ca, Mg and K were 
present in LGP, as compared to wheat flour, which resulted in an 
increment of these parameters in developed biscuits. Results re-
vealed that lemongrass extracts were rich in polyphenols, espe-
cially phenolics and flavonoids, which have strong antioxidant 
properties. Phytochemical analyses of extracts provided values of 
TPC 240.46 ± 0.20 mg GAE/100 g, TFC 98.45 ± 0.15 mg CE/100 
g, TC 62.36 ± 0.12 mg/100 g and DPPH free radical scavenging 
activity as 60.18 ± 0.14 mg AAE/100 g. During the development 
of LGP-incorporated biscuits, it was observed that as the level of 
LGP was increased in biscuits, values of TPC, TFC, TC, minerals, 
and DPPH free radical scavenging activity were also increased. 
Sensory panel experts preferred a 2.5% level of LGP as optimum, 
for good texture, taste and overall acceptability, whereas a 5% 
level was recommended best for color and flavor of the biscuits. In 
the end, it could be concluded that a 2.5 to 5% replacement level 
is suitable for developing good quality and acceptable biscuits, 
which could be consumed as pharma foods, due to the presence 
of high amounts of phytochemicals. Further, in vivo and in vitro 
trials with LGP-incorporated biscuits are recommended to find the 
health-promoting and disease-lowering capacity of lemongrass.
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