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The antioxidant characteristics of Napier grass (Pennisetum
purpureum) can vary significantly depending on the age of the plant,
species, and environmental constraints. In this study, ultrasonic
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INTRODUCTION

Plant extracts are a rich source of phytochemicals that possess numerous
medicinal benefits such as flavonoids, essential oils, phenolic compounds,
terpenoids, saponins, tannins, alkaloids, and phytochemicals. These
phytochemicals come from easily available plant sources, such as tea, berries,
lemongrass, ginger, rosemary, basil, etc.,, and many others have been
considered as alternative therapy against various infectious diseases (Mostafa
et al., 2018; J. Kim et al., 2020; Doungsaard et al 2023). The extracts from
these sources provide several antioxidant and antimicrobial functions (Ahmed
et al., 2019). Some epidemiological studies have also indicated evidence of a
linkage between the antioxidant compounds and reduced chance of free radical
development in the body (Adesso et al., 2016). Moreover, these medicinal
plants also exhibit antimutagenicity and protective functions from oxidative
damage which are particularly crucial and desirable effects to protect the DNA
damage (Sirisa-ard et al., 2023; Meziane et al 2023).

Napier grass (Pennisetum purpureum) rich source of polyphenols and
flavonoids is a perennial grass of the Poaceae family that has gained high
attention due to its beneficial effects on animal health. Currently, Napier grass
is being used in livestock feed in various countries due to its health-promising
benefits. However, the composition and bioactive content present in plants
generally fluctuate depending on the plant sources, plant parts, growing
seasons, and growth periods (D.-S. Kim et al., 2020). The study of two
varieties of Napier grass (with dark-purple and green pigmentation) in Taiwan
was conducted on polyphenolic profile (anthocyanin, quercetin, rutin, coumaric
acid, and epicatechin) which concluded that this grass contains strong
antioxidant properties (Ojo et al., 2022). Since Napier grass is widely grown
and used in many countries, it should be explored at different growth periods
for the maximum production of bioactive compounds (Chemat et al., 2017). In
addition, the rich chemical diversity of Napier grass has not yet been fully
explored for antimutagenic and cytotoxic activity (Gullon et al., 2017).

There are some studies available on Napier grass about the proximate
analysis but there is no study on the extraction of bioactive compounds from
Napier grass at different growth periods to evaluate the antioxidant properties
at different age of plant. The antimutagenicity, antimicrobial, and cytotoxic
activity have also not been studied for Napier grass. Furthermore, ethanol
extraction of bioactive using an ultrasound-assisted extraction method has not
been used previously which can help extract the polyphenols, flavonoids, and
other compounds from grass. Thus, this study aimed at extracting the bioactive
compounds from Napier grass at different growth periods and optimizing the
extraction parameters such as ethanol concentration, volume, and extraction
time using the Box Behnken experimental design. The characterization of
bioactive extracts was performed along with the evaluation of antimutagenic
activity and cytotoxicity. This study can help identify the harvesting age of
grass plants with maximum bioactive properties and health benefits.

MATERIALS AND METHODS

Raw samples and chemicals

Fresh leaves of Napier grass (Pennisetum purpureum) at different growth
stages (50, 70, and 90 days old) were harvested from a plantation farm,
Department of Animal Science, Kasetsart University, Nakhonprathom,
Thailand. All the samples were cut into small pieces and dried in a hot air oven
at 40°C, for 72 h. These samples were ground by a high-speed blender
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(HR2115, Philips, Japan) into fine powders, sieved through a mesh size of 40,
and packed in high-density polyethylene (HDPE) bags for further analysis. All
the analytical grade chemicals were purchased from CTi & Science Co. Ltd.,
Thailand. Microorganisms including Staphylococcus aureus, Escherichia coli,
Salmonella spp, and Salmonella Typhimurium strain TA 100 purchased from
Thailand Institute of Scientific and Technological Research (TISTR).

Proximate analysis

Total solids, protein, fat, and ash percentage were estimated using
standard AOAC methods number 923.10, 979.09, 920.39C, and 925.03
respectively with slight modifications (Umar et al., 2023).

Box-behnken design

Ultrasonic conditions of extraction including ethanol concentration (X1,
40, 50, and 60%, v/v), the volume of ethanol (X2, 10, 20, and 30 mL), and
extraction time (X3, 10, 30, and 50 min) were optimized through Box-Behnken
design using Design-Expert Software (Version 13.1, Stat-Ease Inc., USA)
according to method of (Jain and Anal, 2018). The bioactive extraction of
Napier grass at different growth stages (50, 70, and 90 days) was optimized
using total phenolic content (TPC), total flavonoid content (TFC), antioxidant
activity (FRAP, %DPPH inhibition and reducing power) as responses. The
experimental design consisted of 15 runs with one central optimized replication
point implemented in a randomized manner to decrease the chances of
unexpected variations. A quadratic polynomial regression model was used to
analyze the data as shown:

Y = Bo + XBiX; + XBuX? + TPy XiX;

Where Y represents the response variable, Bo is constant, B;, Bi,and Bi
are the linear, quadratic, and interactive coefficients determined by the model,
and X; and X; are the independent variables, respectively.

Ultrasonic assisted extraction of Napier grass

The bioactive compounds from Napier grass powder were extracted at
25°C using a probe ultrasonic reactor (UP200S, 200 W, Hielscher, Germany)
at a fixed 100% amplitude, 0.5 cycles, and frequency of 24 kHz. The extracts
were filtered with Whatman filter paper No. 1 and centrifuged at 5,000 rpm for
15 min to collect the supernatant (used as extract). For the evaluation of
antimicrobial properties, the ethanol from the extract was evaporated by
placing it in a hot air oven at 40°C for 4-6 hr. The extract obtained from the
optimized condition was dried in a freeze dryer (Scanvac Cool Safe 55-4,
Denmark) for 24 hr. and stored at 4°C in high-density polyethylene bags for
further analysis.

Determination of total phenolic content

The total phenolic content of the extract was estimated according to the
spectrophotometric method described by (Akbar et al., 2022) with slight
modifications, using the Folin-Ciocalteu’s reagent. The 10% (diluted in
deionized water) crude extract solution (0.5 mL) was mixed with the 2 mL of
Folin-Ciocalteu reagent. The 4 mL of sodium carbonate solution (7.5%, w/v)
was added to the solution for neutralization, mixed well, and placed at 25°C
for 30 min. The absorbance of the solution was measured at 765 nm using a
UV-VIS spectrophotometer (UNICAM, Alva, U.K.). A reference standard curve
was prepared by using gallic acid and a linear equation was used to determine
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the total phenolic contents of the samples expressed as mg gallic acid
equivalent (GAE) /g of crude sample.

Determination of total flavonoid content

The 10% (diluted in deionized water) crude extract solution (0.5 mL) was
mixed with 1.5 mL of ethanol (95%, v/v), and 0.1 mL of aluminum chloride
hexahydrate (10%). After five minutes of incubation at room temperature, 0.1
mL of potassium acetate (1M) was added, and the total volume was adjusted
to 2.8 mL by adding distilled water. The mixed solution was further incubated
for 40 min at 25°C and absorbance was measured at 415 nm using a UV-VIS
spectrophotometer (UNICAM, Alva, U.K.). The reference standard cure was
prepared using quercetin and a linear equation was used to determine the total
flavonoid content expressed as mg quercetin equivalent (QE) /g of crude
sample (Akbar et al., 2022).

Assay of 1,1- diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging activity

The 1.5 mL of DPPH solution (0.004% in methanol) was mixed with the
1.5 mL of crude extract and incubated at 25°C in a dark place for 30 min
(Govindappa et al., 2011). Then the absorbance was measured at 515 nm
using a UV-VIS spectrophotometer (UNICAM, Alva, U.K.), and the inhibition
percentage was computed using the following equation.

Absorbance of control — Absorbance of test
%DPPH inhibition =

Absorbance of control

Assay of ferric reducing antioxidant power (FRAP)

FRAP reagent was prepared in acetate buffer (pH 3.6), TPTZ solution
(10 mmol) was prepared in HCI (40 mmol) and FeCl3.6H20 solution (20 mmol)
in 10:1:1 (v/v) ratio, respectively. The 1.5 mL of the FRAP reagent was mixed
with 50 pL of liquid crude extract (diluted 10 times in deionized water) and
incubated at 25°C for 4 min. The absorbance was recorded at 593 nm using a
UV-VIS spectrophotometer (UNICAM, Alva, U.K.) (Proestos et al., 2013). The
standard curve was prepared using FeSO4 solution and results were expressed
as pmol of FeS04 per g of crude sample.

Antibacterial activity

The bacteria (Staphylococcus aureus, Escherichia coli, and Salmonella
spp.) were inoculated into broth Mueller Hinton Broth (MHB) and incubated for
16-18 hr. at 37°C. The microbial suspensions were diluted in sterilized distilled
water and the concentration of 1x10° cfu/mL was obtained with the McFarland
standard method. The spread plate was performed using cotton swabs on
Mueller Hinton agar plates (MHA) and plates were punched for 10 mm diameter
to create wells. The freeze-dried extract was dissolved in DMSO (20% v/v) to
obtain a concentration of 150 mg/mL. It was further diluted using Mueller
Hinton Broth (MHB) to a final concentration of 1.17 mg/mL. The 100 pL of each
extract was added to the prepared wells and incubated for 24 hrs. at 37°C.
The growth was observed after incubation to calculate the diameter of the
inhibition zone.

The minimal inhibitory concentration (MIC) was calculated by adding
50 uL of bacterial suspension (1x10° cfu/mL) to each test tube (Figure 1)
containing 10 mL of sample prepared in MHB. The 1 mL from each tube was
spread on Mueller Hinton Agar plates and incubated at 37°C for 18 hrs. to
observe the growth of bacteria (Shaw et al., 2019). The lowest concentration
which showed no growth on the plate was considered as MBC for bacteria and
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MFC for fungal growth and the next concentration which showed little growth
was MIC.

Antimutagenicity of napier grass extract

Salmonella typhimurium TA 100 was inoculated in nutrient broth and
incubated at 37°C in an orbital shaking incubator (Ohaus ISHD16HDG, USA) at
150 rpm for 18 hrs. After incubation, it was diluted in distilled water to obtain
the optical density of 0.3-0.4 measured at 620 nm using a spectrophotometer
(UNICAM, Alva, U.K). Sodium azide (1 pg/pL) was sterilized as a positive
mutagen without a metabolic activation system. Different concentrations of
dried extract (100, 75, and 50 mg/mL) were prepared in DMSO (20% v/v).
The 100 pL of sodium azide (1 pg/pL) was mixed with 500 pL of potassium
phosphate buffer (0.1M, pH 7.4), 100 pL of each concentration of extract
sample, and 100 pL of inoculum. These samples were incubated in a shaking
water bath at 37°C, 150 rpm for 20 min. After incubation, 2 mL of top agar
containing histidine and biotin (10 pL) was added into each sample before
pouring on a glucose minimal agar plate and incubated again at 37°C for 72
hrs. (Saengprakai et al., 2015; Shaw et al., 2019). The colonies were counted
after incubation using a digital colony counter (DCC-1, 230 V, China).

% Antimutagenic activity = [(A — B)/A] x 100

Where, A = Number of positive mutagens revertant colonies, B = Number
of revertant colonies after adding the test sample

Cytotoxic activity of extract

Caco2 cell line (ATCC HTB-37) was grown in a complete medium
supplemented with 10% heat-inactivated fetal bovine serum, L-glutamine
(2mM), non-essential amino acid (0.1mM), Insulin-Transferrin-Selenium-X
(0.11IU/mL), sodium bicarbonate (1.5 g/L), penicillin (100 unit/mL) and
streptomycin (100 pg/mL) and incubated at 37°C with humidified incubator
(5% CO2). The cells at a logarithmic growth were harvested and diluted to
2x104 cells /mL in a complete medium. The ellipticine and DMSO (1% v/v)
were used as positive and negative control respectively. 96-well plates were
seeded with cell suspension (45 pL) or blank medium (200 uL) and incubated
at 37°C in a humidified incubator (5% CO3) for 48 h. The culture medium was
replaced with 200 pL fresh medium containing extracted 5 pL of sample
dissolved in DMSO (100% v/v), negative or positive control, and incubated for
24 hrs. After incubation, 50 pL of resazurin solution (125 pg/mL) was added
and incubated for 4 hrs at 37°C. The fluorescence wavelengths at 530 nm
excitation and 590 nm emission were measured using a fluorometer (O'Brien
et al., 2000; Neagu et al., 2021).

Vero cell line (Vero, ATCC CCL-81) was maintained in minimal essential
medium (MEM) supplemented with 10% heat-inactivated fetal bovine serum,
1 mM sodium pyruvate, 2.2 g/L sodium bicarbonate and 0.8 mg/mL geneticin
and incubated at 37°C in a humidified incubator with 5% CO2. The cells at a
logarithmic growth were harvested and diluted to 3.3x104 cells/mL suspension
in a complete medium without geneticin. Test wells were loaded with 5 pL of
samples and 45 pL of cell suspension addition, incubated at 37°C in a
humidified incubator with 5% CO: for 4 days. Fluorescence was measured with
excitation and emission wavelengths of 485 and 535 nm respectively.

% Cytotoxicity = [1-(FUt/ FUc)] x100

Where FUT and FUc are the mean fluorescent unit (FU) from cells treated
with sample and DMSO (1 and 0.5% v/v for Caco2 and Vero cells respectively).
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Statistical analysis

All the experiments were carried out in triplicate and the results were
presented as mean values with standard deviation. The SPSS software (SPSS
Version 16, Chicago, IL, USA) was employed for conducting the statistical
analysis where one-way ANOVA was carried out. The significant differences
among the samples were determined using the post hoc Tukey test, having a
confidence interval of 95%.

RESULTS

Proximate, bioactive components, and antioxidant activity analysis of
Napier grass

The proximate composition and bioactive compounds in Napier grass
were estimated and presented in Table 1. The ash content showed no
significant difference (P >0.5) at different growth periods and values were
10.39, 10.37, and 10.33% for 50-, 70-, and 90-day-old grass respectively. The
obtained ash content values were slightly higher as compared to the ash
content (6.90-9.68%, w/w) for Napier grass estimated in previous studies
(Lee et al., 2010; Braga et al., 2014; De Conto et al., 2016). The moisture
content showed a non-significant difference from 50 to 70 days while it
decreased significantly to 6.8%, from 70 to 90 days. The fat content also
showed a similar trend during these growth periods and changed from 1.96 to
2.14%, w/w. The protein content showed a significant decrease (P <0.05) from
14.88 t0 9.43% (w/w) during these growth periods. TPC and TFC were highest
in the extract of 50 days old grass and the lowest values were obtained for the
extract of 90 days grass which clearly illustrates that the younger plant leaves
contain higher amounts of these bioactive components (Wang et al., 2021).

Table 1. Proximate, bioactive components and antioxidant activity analysis of Napier grass.
TPC: Total phenolic contents, TFC: Total Flavonoid Content, RP: Reducing power, FRAP:
Ferric Reducing Antioxidant Power, and DPPH scavenging ability.

Proximate, Bioactive Components

and Antioxidant Activity S RERS VU RERTS Y 2B

Moisture (%) 7.80 = 0.10P 7.80 = 0.10P 6.80 £ 0.102
Ash (%) 10.40 £ 0.10° 10.40 + 0.10° 10.30 + 0.20°
Fat (%) 1.90 £ 0.01° 2.00 £+ 0.102b 2.20 £ 0.10°P
Protein (%) 14.90 £ 1.30° 12.70 + 0.10° 9.40 £ 0.40¢
TPC (mg GAE/g of the crude sample) 8.50 + 0.10°2 7.90 + 0.202b 7.10 £ 0.10P
TFC (mg QE/g of the crude sample) 3.90 £ 0.10° 3.20 £+ 0.102P 2.90 £ 0.10°P
FRAP (um Fe (II)/g of crude sample) 68.40 + 1.502 67.50 + 2.302b 55.70 + 2.20P
RP (mg AAE/ g of crude sample) 5.10 + 0.20° 4.80 £+ 0.10% 4.70 £ 0.10°
DPPH (%) 56.70 + 2.002 54.60 + 2.20° 46.80 = 1.50¢

Effect of extraction parameters on responses

Total phenolic and flavonoid content extraction

The extraction conditions of ultrasonication for the extraction of bioactive
from Napier grass were optimized using statistical tools with response surface
methodology (RSM). The association between three factors of the extraction
conditions (ethanol volume, concentration, and extraction time) and the yield
of TPC from the extract of Napier grass at different growth periods was
quadratic. The concentration of ethanol showed a significant effect (P <0.05)
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on the extraction of phenolic compounds for samples of each growth period.
The P-values for the model were <0.05 for all samples while the lack-of-fit
analysis also indicated a non-significant difference with all p-values above 0.05
which showed that the fitted models were good for the prediction of TPC within
the design space (Table 2).

The concentration of TPC was 8.71-13.44 (50 days old grass extract),
8.28-13.10 (70 days old grass extract), and 7.91-13.05 mg GAE/g (90 days
old grass extract), illustrating that the TPC was higher in 50 days old grass
samples. RSM indicated higher concentration of ethanol (60%, v/v) caused less
extraction of TPC while the less ethanol concentration (40%, v/v) indicated
higher extraction of TPC (Figure 1). The effect of ethanol concentration and
volume was significant (P <0.05) on the extraction of TPC, and higher
concentration can significantly reduce the TPC of extract regardless of grass
age. All the solvent volumes of 20 mL or above showed high TPC while the
lower amount of solvent (10 mL) caused less extraction of TPC. It has been
observed that the extraction time had a non-significant effect on the extraction
of TPC content from all the grass samples. The ethanol concentration of 40%,
v/v presented a high yield of TPC of all the extracted samples at three different
growth periods. The predicted optimal extraction conditions for grass of 50 and
90 days were 10 min, 20 mL ethanol (40%, v/v) and the maximum expected
TPC values were 13.77 and 12.87 mg GAE/ g, respectively. The predicted
optimal extraction conditions of 70 days old grass were also the same except
extraction time which was 30 min and the maximum expected value of TPC
was 13.03 mg GAE/ g.

The volume and amount of ethanol significantly (P <0.05) affected the
TFC (mg QE/g) extracted from all the samples of grass. Moreover, all the
models of 50, 70, and 90 days of the sample had significant effects and the
lack-of-fit tests displayed non-significance (P >0.05) indicating that the fitted
models were good for the prediction of TFC within the design space. The TFC
values were 4.42-6.59, 4.19-6.52, and 3.77-6.47 mg QE/g for 50-, 70-, and
90-day old grass samples respectively. It was observed that the extract from
50-day-old grass contained a higher concentration of TFC than the samples of
70 and 90 days. The response surface graph for the interactive effects
demonstrated that the high concentration of ethanol (60%, v/v) resulted in
higher TFC, and less concentration of ethanol caused the reverse effect
(Figure 1). The predicted optimal conditions for 70-day old grass sample were
10 mL of ethanol (60%, v/v) for an extraction time of 30 min and the maximum
expected TFC value was 6.55 mg QE/g. For the extract of both 50 days and 90
days grass samples, the predicted optimal condition of extraction parameters
was 20 mL of ethanol (60%, v/v) and extraction time was 50 min with the
maximum expected TFC values of 6.55 and 6.28 mg QE/g, respectively.
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Figure 1. The response surface graphs showing the interactive effects of ethanol
concentration (%), volume (mL), and extraction time (minutes) on TPC (mg
GAE/g) of grass extract from, a) 50, b) 70, and c) 90 days old grass and on the
TFC (mg QE/g) of extracted samples from, d) 50, e) 70, and f) 90 days old grass.
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Table 2. Effect of Ultra-sonication parameters on total phenolic content (TPC, mg GAE/g) and total flavonoids content (TFC, mg QE/g) of
Napier grass extract from 50-, 70- and 90-days old grass determined using box-Behnken.

TPC TFC
50 days 70 days 90 days 50 days 70 days 90 days

Source F- P- F- P- F- P- F- P- F- P- F- P-

Value Value Value Value Value Value Value Value Value Value Value Value
Model 5.610 0.036 20.09 0.002 7.031 0.024 6.331 0.028 6.161 0.029 16.09 0.004
Xi 41.56 0.001 162.7 <0.0001 57.11 0.001 53.71 0.001 47.81 0.001 125.8 <0.0001
X2 2.080 0.209 1.771 0.244 0.081 0.792 0.951 0.373 2.011 0.215 0.111 0.758
X3 0.270 0.625 5.251 0.075 0.110 0.754 0.411 0.557 1.381 0.297 4.691 0.085
X1X2 0.070 0.802 1.551 0.268 2.220 0.195 0.821 0.407 0.351 0.586 3.381 0.154
X1X3 0.170 0.701 0.241 0.647 0.520 0.503 0.321 0.599 1.481 0.278 0.047 0.873
X2X3 0.710 0.436 0.251 0.635 0.211 0.675 0.430 0.538 0.470 0.524 10.76 0.029
X2 2.070 0.209 0.074 0.798 0.201 0.147 0.180 0.692 0.790 0.415 0.009 0.931
X2? 2.630 0.165 8.441 0.036 2.931 0.595 0.110 0.757 0.220 0.664 0.001 0.985
X3? 0.470 0.525 0.521 0.548 0.080 0.799 0.011 0.949 0.830 0.405 0.034 0.867
Lack of fit 5.111 0.168 9.811 0.099 3.511 0.229 0.010 0.998 1.231 0.477 7.921 0.114
R? R20.9098 R20.9377 R20.9475 R20.9193 R20.9381 R20.9847
aiR? 2R20.9012 2R20.9124 2R20.9247 2jR20.9074 2jR20.9072 2jR20.9424
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Effect of extraction conditions on antioxidant activities

The DPPH radical scavenging activity values of R?> were low for 90 days
grass sample and the model and lack of fit were also non-significant. On the
other hand, the model was significant (P <0.05) for both 50- and 70-day grass
extract samples and lack-of-fit did not show a significant difference indicating
that the fitted models were good for the prediction of DPPH values within the
design space (Table 3). DPPH scavenging activity of the extracted grass sample
of 50, 70, and 90 days were 46.02-83.83, 45.43-83.58, and 6.26-15.93%,
respectively. It was found that the extract from 90 days of grass indicated
lower DPPH radical scavenging activity than other samples. The ethanol
concentration had a significant effect (Figure 2) on samples of 50 and 70 days
while a non-significant (P >0.05) effect on the samples of 90 days of grass.
The optimal predicted condition of extraction parameters was 20 mL of ethanol
(40%, v/v) and 50 min of extraction time for both samples of 50- and 70-days
grass with the maximum expected %DPPH inhibition values of 82.23 and
82.13% respectively.

The models and lack of fit for FRAP activity represented a non-significant
(P >0.05) effect for all samples of different age grass. This relation indicated
that the fitted models were not good for the prediction of FARP values within
the design space. The R? values were also less than <0.5839, <0.8636, and
<0.7404 for the extract from 50-, 70-, and 90-day-old grass samples which
clearly show less goodness of fit for these models (Table 3). The FRAP values
were 50.80-82.98, 66.33-80.32, and 59.71-78.71 umoles of Fe*?/g, for the
extract of 50-, 70-, and 90-day grass samples respectively. The interactive
effects of ethanol concentration, volume, and extraction time on the FRAP
assay of 50-, 70-, and 90-day grass extract were non-significant (P >0.05)
(Figure 2). Higher values of FRAP assay were obtained with 10 min of extraction
using a high volume of solvent per g of sample (1:30) (Al-Saeedi et al., 2016).

Open access freely available online NAT. LIFE SCI. COMMUN. 2024. 23(1): E2024014




¢/ Natural and Life Sciences Communications: https:// cmuj.cmu.ac.th

DPPH radical scavenging activity (%)

~ ™

~
Ethanol concentration (%6)55 = ~ 2000 . \
) : Volume of Ethanal (mL
};( X3: Extraction time (min} o ) 2 /4“ X3: Extraction time (min)

.

DPPH radical scavenging activity (%)

g S

o Fam
\ﬁ“  at

~~wm0e  X3: Extraction time (min)

P

ol
X1: Ethanol concentration (%)

— - |
e = = — = 0o ‘w/ >1M‘ oon el > un
B " e — -,m‘\l\__‘ / e

0 — fo0e /

—y \/
X1: Ethanol concentration (%) b i xz VomeolElhmnmL: X1: Ethanol concentration (%) 0 X3 Extraction ime (M) 55 \oume of Etmanci (mL) Ba——___—~"Bm X3 Exractiontime (min)

30001000

DPPH radical scavenging activity (%)

FRAP (umolig)

-

>, =5 . : )
s _ B . P .
sm\ /x{ o0 L \\\ /,'/xm:
X1: Ethanol concentration (%) =2 :‘”\,‘/m i, of Ethanol (mL) X3: Extraction time (min) *%0 - %1 Ethanol concentration (%) 2 Volume of Ethanal (mL) *% \// CL . Extraction time (min)
ouae T

T

FRAP (umolig)

< e |
wm \\ P
o
1 =
o e - e ﬁ
‘\_ 25001 Ethanol concentration (%) ¥ oo X3 Extraction time (min)
X1: Ethanol concentration (%)% % / X2V of Ethanol (mL) X3 Extraction time (min) — X2: Violume of Ethanol (mL) 'n‘;‘;{;‘: o

FRAP (umol/g)

» m\ Y o0
. /{g: 1 Ef - . o e i
X1: Emanol concenration (%) “% : Volme of Ethancl (L) . £xtraction time (min) =% ~~__— " X1: Ethanol conceniration (%) X2: Vokume of Ethanol (mL) """~~~ % x5 gxtraction time (min)
b 000 5000

800071000 ETMCLY

Figure 2. The response surface graphs showing the interactive effects of ethanol
concentration (%), volume (mL), and extraction time (min) on %DPPH inhibition
of extracted samples from, a) 50, b) 70, and c) 90 days old grass and on FRAP
activity (umoles of Fe*2/g) of samples from d) 50, e) 70, and f) 90 days old grass.
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Table 3. Effect of Ultra-sonication parameters on %DPPH inhibition and FRAP activity (umoles of Fe*?/g) of Napier grass extract from
50-, 70-, and 90-day-old grass determined using box-Behnken.

DPPH FRAP
50 days 70 days 90 days 50 days 70 days 90 days
Source F- p- F- P-Value k- p- F- p- k- p- k- p-

Value Value Value Value Value Value Value Value Value Value Value
Model 40.11 0.001 47.41 0.001 0.981 0.543 1.581 0.318 3.521 0.089 0.781 0.649
Xi 323.2 <0.0001 372.1 <0.0001 1.021 0.359 2.741 0.159 2.951 0.146 0.721 0.436
X2 1.061 0.351 1.811 0.237 1.631 0.258 1.671 0.253 8.971 0.033 1.361 0.297
X3 3.321 0.128 4.752 0.082 0.931 0.378 0.041 0.847 0.621 0.468 0.731 0.433
X1X2 0.941 0.377 1.641 0.257 0.061 0.818 0.091 0.775 1.611 0.261 0.411 0.551
X1X3 1.571 0.265 2.051 0.213 0.001 0.998 3.021 0.147 5.231 0.079 0.891 0.388
X2X3 0.211 0.674 0.391 0.559 0.531 0.501 0.451 0.532 1.681 0.257 1.131 0.336
X2 30.01 0.003 40.81 0.001 1.191 0.325 1.071 0.349 3.411 0.124 0.041 0.859
X2? 0.091 0.777 0.741 0.429 1.881 0.229 0.761 0.433 6.591 0.053 1.631 0.258
X3? 1.251 0.314 4.531 0.087 1.341 0.299 5.091 0.076 2.081 0.208 0.241 0.648
Lack of fit 8.461 0.108 10.82 0.863 1.191 0.487 4.301 0.195 8.151 0.113 9.441 0.097
R? R20.9863 R20.9884 R20.6377 R20.5839 R20.8636 R20.7404
aiR? 2jR20.9543 2jR20.9723 2jR20.5897 2jR20.5487 2jR20.8475 2R20.7139
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The bioactive extract obtained from 50-day-old Napier grass samples was
selected for higher bioactivity due to significantly higher concentrations of TPC,
TFC, and antioxidant activity. The extraction conditions providing maximum
yield of TPC, TFC, and antioxidant activities such as % DPPH scavenging ability,
and FRAP activity were optimized. The responses can be converted into
desirable values between 0 and 1 providing the minimum and maximum values
of adjusted R2. The point with maximum desirability of 0.58 (10 mL of ethanol
(47.68%, v/v) and 50 min of extraction time) was selected as the optimum
condition for extraction of bioactive compounds from 50-day-old grass
samples. It was observed that all the experimental values (TPC: 10.98 mg
GAE/g, TFC: 6.51 mg QE/g, % DPPH scavenging activity: 82.87, FRAP 143.1
pmol/g) were higher than the predicted values of the model. The experimental
FRAP value was significantly higher than the predicted value due to a higher
concentration of TPC (Bursal and Kdksal, 2011).

Antimicrobial activity of extract

In the present study, the Napier grass extract was less efficient against
gram-negative bacteria. None of the extract from 70 days and 90 days of
Napier grass presented antibacterial and antifungal activity against any
microorganisms tested. However, the 50 days old Napier grass extract
presented antimicrobial activity with the inhibition zone of 15 mm against
Staphylococcus aureus, 16.67 mm against Escherichia coli, 14.67 mm against
Salmonella spp., and 19 mm against Aspergillus niger. The MIC, MBC, and MFC
were only analyzed for the extract of 50-day-old grass samples with optimized
ultrasonic assistant extraction conditions (10 mL of ethanol (47.68%, v/v) and
50 min of extraction time). The MIC and MBC values of Escherichia coli and
Salmonella spp. were 75 mg/mL and 150 mg/mL, while for Staphylococcus
aureus were 37.5 mg/mL and 75 mg/mL, respectively. The MIC and MFC
against Aspergillus niger were also 37.5 mg/mL and 75 mg/mL respectively
(Figure 3).
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Figure 3: The MIC and MBC for Staphylococcus aureus, Escherichia coli and
Salmonella spp. and MIC and MFC for Aspergillus niger. Where a, b, and c are
150, 75 and 37.5 mg/mL concentrations of bioactive extract from 50 days old
grass samples respectively.

Antimutagenic activity of the extract

The antimutagenic potential of extract from 50-day-old Napier grass was
tested against Salmonella typhimurium tester strains (TA 100). The 1 pg/pL
of sodium azide (NaNs) was used as a positive control and the Napier grass
extract showed a strong antimutagenic effect (>60%) against sodium
azide-induced mutation in S. typhimurium TA 100 strain (Figure 4).
The inhibition mutagenicity of S. typhimurium TA 100 was 76.70, 83.41, and
86.64% for 100, 75, and 50 mg/mL of extract.
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Figure 4. Antimutagenic activity of bioactive extract from 50-day-old grass
sample against S. typhimurium TA 100.

Cytotoxicity assay

The extract from the grass was dried into powder using the freeze-drying
method for cytotoxicity analysis. The cytotoxicity analysis of Napier grass
extract (50 days old) was conducted in the concentration range of 15.63-500
Mg/mL on Caco2 cells in vitro (Figure 5). The bioactive extract showed no
cytotoxic effect on Vero cells while positive control showed higher cytotoxicity
in the range of 20-40 pg/mL. The cytotoxicity of bioactive extract in the
concentration of 250-15.63 ug/mL was also observed for Vero cells and results
showed that cytotoxicity was 17 to 2% for this concentration range of extract.
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Figure 5. a) The cytotoxic effect of bioactive extract from 50 days old Napier
grass, b) cytotoxic effect of negative (NC, 1% DMSO) and positive control
(ellipticine) on Caco2 cells, c) cytotoxic effect of bioactive extract from 50 days
old Napier grass, and d) cytotoxic effect of negative (NC, 0.5% DMSO) and
positive control (ellipticine) on Vero cells.

DISCUSSION

Proximate and bioactive components analysis of Napier grass

Higher ash content is related to higher concentrations of minerals such
as calcium, phosphorus, and zinc (Mohammed et al., 2015). Some previous
studies obtained higher moisture content (10.04-12.6%, w/w) in Napier grass,
this difference in moisture content can be related to growth season,
environmental changes, and the maturation stage of plant (Strezov et al.,
2008; Braga et al., 2014). These values of fat content are in good agreement
with the previously obtained values (1.9-2.0%, w/w) of fat content in similar
growth periods (Savitha, 2012). In a previous study on different heights of
Napier grass, it was observed that protein content changes from 13.29 to
4.79% (w/w) (Aganga et al., 2005). These results indicated that the old grass
contains less quantity of protein as compared to immature or younger grass
leaves. Similarly, since the antioxidant properties also depend on the
concentrations of TFC or TPC, the antioxidant properties (DPPH, FRAP, and RP)
were also higher for the extract obtained from 50-day-old grass. These results
indicate that the older plant is not a suitable option to obtain the maximum
bioactive components and harvesting at an early stage (50 days old grass) can
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provide promising health benefits due to a higher number of bioactive
components and higher antioxidant properties. A similar trend for the
concentration of TPC was observed in a previous study (Mekini¢ et al., 2019).

Extraction of total phenolic and flavonoid content

In a previous study, TPC in Napier grass was observed to be 36.33 mg
GAE/g extracted with boiling water (Patra et al., 2016). In our study, the values
of TPC differ from the values obtained in the previous study due to different
methods and solvents (ethanol) used for extraction (Ferreira & Pinho, 2012).
It has been reported that the volume of solvent is an important factor in the
extraction of anthocyanin (Ryu and Koh, 2019). Furthermore, the
concentration of ethanol and extraction time also had a significant effect on the
extraction of TPC. In contrast, the volume of ethanol and extraction time had
a non-significant effect (P >0.05) on the extraction of TPC. This effect could be
due to less solubility of phenolic compounds in high ethanol (Ferreira and Pinho,
2012). Similarly, It was reported that the aqueous extraction of TPC from
leaves and fruit of jujubes (Ziziphus jujuba Mill.) contains higher TPC (22.33
mg GAE/ g) as compared to less TPC content (18.17 mg GAE/ g) when
extracted using ethanol (Al-Saeedi et al., 2016). It has been also reported
previously that the extraction time from 40 to 100 min showed no effect on the
extraction of anthocyanin from mulberry (Zou et al., 2011). It has been
reported that the TFC in Napier grass was 14.695 mg QE/g extracted using
boiling water (Ye et al., 2007). The TFC obtained in this study was significantly
low as compared to the previous study due to the use of different extraction
solvents (Ferreira and Pinho, 2012). The extraction time was also less than in
the previous study and TFC show less solubility in ethanol as compared to water
(Wang et al., 2021). Islas et al., (2020) also indicated that the use of different
solvents for the extraction of TFC from crude leaves of neem (Azadirachta
indica) results in different concentrations such as 4.91, 4.01, 3.57, 0.63, and
5.29 mg QE/g using hexane, chloroform, ethyl acetate, butanol, and methanol
respectively. Hence, the percentage of ethanol concentration can significantly
increase the TFC of all grass samples. Similar results were reported in previous
studies using a higher concentration of methanol (80%, v/v) and ethanol
(72%, v/v) (Pan et al., 2012; Ghasemzadeh et al., 2014). Flavonoids can be
non-polar compounds which are dissolved in high ethanol concentrations and
polar compounds which are dissolved in low ethanol concentrations 35.
Moreover, the polarity of ethanol is less than water causing the dissolution of
non-polar flavonoid from the grass extract, however, the solubility of TFC is
less in ethanol as compared to water (Al-Saeedi et al., 2016). The effect of
ethanol concentration and extraction time was also significant (P <0.05) on the
extraction of TFC from all grass samples while the relationship between ethanol
volume and extraction time showed a non-significant (P >0.05) effect on the
total flavonoid content (Figure 2). Similar results were reported for the
extraction time of anthocyanin from mulberry (Zou et al., 2011; Zhang et al.,
2020). The volume of solvent did not show any significant effect on the
extraction of TFC from all grass samples of different growth periods.

Effect of extraction conditions on antioxidant activities

The synthesis of bioactive compounds in plants depends on the growth
period, several bioactive compounds were generated from young plants while
some bioactive compounds were generated from mature plants (Ryu and Koh,
2019). In particular, the major responsible for the antioxidant activity was the
synergistic action of phenolic compounds. The antioxidant activity also depends
on the species of plants, parts of plants, growth periods, and their chemical
structures (Al-Saeedi et al., 2016). It has been observed that different parts of
Napier grass such as leaves and stems showed different DPPH inhibition
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ranging from 60.06 to 0.67% (Tsai et al., 2008). It was observed that the value
of DPPH activity increased when the ethanol concentration was decreased.
However, the relationship between ethanol volume and extraction time showed
a non-significant effect on the DPPH activity of all samples. The younger grass
extract contains higher concentrations of bioactive compounds (TPC and TFC)
which imparts the higher DPPH activity for these samples while the mature (90
days old) grass samples contain less concentration of bioactive compounds
which generates less DPPH activity which cannot be enhanced by increasing
the extraction time for these samples (Ferreira and Pinho, 2012). The
extraction solvent has a high impact on the reducing power of phenolics present
in the extract which act as reducing agents causing the reduction of Fe*3 to
Fe*2 (Wang et al., 2021). The reduction capabilities of these antioxidants
decrease in the ethanol. Similarly, in the extraction of bioactive compounds
from sumac (Rhus Coriaria L.) with ethanol and water, the FRAP capability of
water extract was significantly higher than ethanol extract (Bursal and Kdéksal,
2011).

Antimicrobial activity of extract

Antimicrobial activity is related to the chemical composition of plant
extracts and all the plant extracts containing phenolic compounds show
antibacterial activity against different pathogenic bacteria. For example,
rosemary extract showed more phenolic compounds and indicated high
antimicrobial activity (Moreno et al., 2006; Klancnik et al., 2009). The major
reason for less bacterial susceptibility was its lipopolysaccharide covering in
gram-negative bacteria can restrict the diffusion of bioactive compounds.
Similarly, it was also found that the young whole plant of Napier grass extract
showed antimicrobial activity against Staphylococcus aureus, Escherichia coli,
and Aspergillus niger (Talebi et al., 2009; Mambe et al., 2016). The grass
extract was less effective against gram-negative bacteria as compared to
previously reported data. In a previous study, it was reported that the young
whole Napier grass extract showed a MIC value of 1024 ug/mL against
Escherichia coli, 512 pg/mL against Enterobacter aerogenes, Klebsiella
pneumoniae, Providencia stuartii and Pseudomonas aeruginosa (Mambe et al.,
2016). Less effectiveness of grass extract could be due to many reasons
including extraction method, extraction solvent, and physiological conditions of
plants (Tsai et al., 2008). Since in this study, only leaves of grass were used
to extract the bioactive compounds from the plant, this can also affect the
antibacterial activity of grass against these strains of leaves. In a previous
study, the whole plant was used to obtain the extract and was tested against
these strains which can have more effectivity due to different parts of plants
included in the extraction (Islam et al., 2003).

Antimutagenic activity of the extract

A significant difference (P <0.05) was observed between 100 and 50
mg/mL of bioactive extract to produce an antimutagenic effect on
S. typhimurium TA 100. Higher concentrations of extract had less
antimutagenic impact as compared to less concentration (50 mg/mL). The
presence of phenolic compounds such as chlorogenic, caffeic and catechins can
boost the ability to generate antimutagenic activity. The younger leaves of
grass (50 days old) may have more concentration of these compounds as
compared to older grass which caused the antimutagenic activity against
S. typhimurium TA 100. It has been reported that phenolic compounds from
various natural plant-based sources provide more potential antimutagenicity
(Satish et al., 2013; Babbar et al., 2015).
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Cytotoxicity of bioactive extract

When a substance is cytotoxic, it can induce cell death through different
mechanisms, such as disrupting cellular structures, interfering with essential
cellular processes, or triggering apoptosis (programmed cell death)
(Chittasupho et al., 2023). In drug development, assessing cytotoxicity is
crucial to determine the safety and efficacy of potential therapeutics
(Maneechai et al., 2023). Most plant-based natural extract contains phenolic
and flavonoid compounds which may have cytotoxic activity (Singh et al.,
2022). Good natural medicinal plant extract should not show any cytotoxicity
on Vero and Caco?2 cells. Positive control showed higher cytotoxicity of 67 and
70% for the concentrations of 2 and 4 ug/mL of ellipticine respectively. Several
polyphenols and flavonoids isolated from different parts of different plant
species have been reported to show cytotoxic activity (Uddin et al., 2011; Akter
et al., 2014). However, no cytotoxicity of Napier grass extract on both cell lines
indicated the absence of these compounds in Napier grass.

CONCLUSION

The optimization of the ultrasonic-assisted extraction conditions for
bioactive constituents from Napier grass in different growth periods (50, 70,
and 90 days) showed higher concentrations of TPC, TFC, and antioxidant
activity (scavenging activity of 1,1-diphenyl-2-picrylhydrazyl radical and ferric
reducing antioxidant power) of younger grass leaves as compared to mature
grass leaves. The effect of independent variables, ethanol concentration
volume, and extraction time was significant (P <0.05) on all the responses
determined by response surface methodology using with Box-Behnken
experimental design. Furthermore, the bioactive extract of 50 days old grass
showed good antimicrobial and anti-fungal activity against Staphylococcus
aureus, Escherichia coli, Salmonella spp., and Aspergillus niger. Moreover,
bioactive extract also showed antimutagenic activity against S. typhimurium
TA 100, and no cytotoxicity was observed in vitro for Caco2 and Vero cell lines.
The Napier grass extract at the age of 50 days can be a good potential source
of bioactive compounds with good antioxidant, antimicrobial, antifungal
activity, and antimutagenicity.
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