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ABSTRACT

Cogon grass ( (L.)P.Beauv.), a Imperata cylindrica 
globally known invasive grass, has been studied for its 
application in DNA protective activity. However, most 
studies only utilized aerial cogon parts leaving the 
ground parts understudied. This study aimed to 
compare both ground and aerial cogon phytochemical 
extracts and its potential protective activity against 
damage to pUC19 plasmid DNA induced by reactive 
oxygen species. The total phytochemical analysis 
showed that the fermented leaf powder showed the 
highest phenolic and flavonoid content while 
chloroform root macerate had the lowest yield. 
Fermented root samples and fermentation control 
flavonoids were enzymatically hydrolyzed resulting in 
higher phenolic content. The DNA damage protection 
assay of the extracts was conducted by photolyzing the 
UV/H O  system to produce radical oxygen species 2 2

inflicting DNA fragmentation. The scored bands 
showed that all chloroform extracts exhibited DNA 
damage protective activity. Among the fermented 
extracts, only fermented leaf macerate exhibited 
positive protective activity while fermented root 
samples showed excessive DNA damage, and 
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fermented leaf powder with slight DNA damage. The results imply the potential 
of cogon grass extracts to be developed into cancer-preventive products and 
apoptotic regulators to minimize cancer proliferation.

Keywords: crude and fermented extracts, cogon grass, DNA protection, 
phytochemical content 

INTRODUCTION

Cancer is a notorious disease known globally due to its lethality and severity. 
According to the World Health Organization (2022), this disease is one of the 
leading causes of death worldwide which could account for up to 10 million deaths 
based on the data from 2020. Such diseases are developed most likely due to 
activation of the oncogenes present in DNA from unhealthy lifestyles, foreign 
vectors, or exposure to certain mutagens that could alter the organism's genome 
(WHO, 2022).

There are several molecular mechanisms exhibited by the mutagens, through 
mutagenesis, DNA damage, spontaneous damage, chemical adducts, oxidative 
damage, and DNA intercalation. The most common mutagen in the environment is 
the sunlight which carries UV radiation. Free radical damage, a known oxidative 
damage, from radical oxygen species (ROS) in controlled environment can be 
replicated by photolyzing oxygen-rich solutions. More specifically, UV/H O2 2 

systems can produce ROS to effectively induce damage towards DNA samples 
(Schrader, 2016). On the other hand, antimutagenic compounds generally have a 
property known as DNA damage protective activity. Specifically, these are mostly 
naturally occurring secondary metabolites extracted from an organic source. Such 
secondary metabolites include phenolic compounds such as flavonoids and 
tannins; alkaloids; terpenes and other phytochemicals. However, different factors 
may affect the recoverable amount of such bioactive compounds from natural 
sources (Kaur et al., 2019).

In this study, cogon grass ( ) in particular, was used as the sample I. cylindrica
plant material for the extraction of its bioactive compounds. There are several 
studies conducted indicating that extracts of the aerial parts of cogon grass 
exhibited anticancer or antimutagenic potential. Such studies identified that the 
methanolic leaf extracts were able to inhibit cell proliferation and induce apoptosis 
in SCC-9 cells (Keshava et al., 2020), exhibit cytotoxic effects over the influence of 
proliferative prostanoids from colorectal cancer cells (Yan Kwok et al., 2016), and 
showed DNA damage protection from irradiated lymphocytes, also indicating 
radioprotective properties (Estrella et al., 2020). Unfortunately, a scientific gap can 
be observed in these studies due to the fact that these studies only used the aerial 
parts of the plant. In addition, data on the bioactive compounds in the grass 
responsible for such properties is insufficient. Hence, in this study, the DNA 
damage protective property of the aerial and ground parts of cogon grass were 
assessed.

This study aimed to develop optimized methodologies for extracting, 
identifying, quantifying, and evaluating the bioactive compounds in cogon grass (I. 
cylindrica) ground and aerial parts, while also validating their potential DNA damage 
protective activities. Specifically, the objectives include extracting 
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bioactive compounds using optimized methods, identifying and quantifying 
phytochemicals in terms of total flavonoid content (TFC) and total phenolic content 
(TPC), and identifying the DNA damage protective activity of the extracts through 
DNA damage inhibition assay. The scope of this research is limited to the extraction 
of bioactive compounds from cogon grass samples collected within the Visayas 
State University (VSU) main campus, and utilizing chloroform as the sole solvent. 
The study does not consider growth parameters and edaphic factors of the grass. 
The fermented samples' alcohol content was not analyzed. While previous 
researchers have explored various phytochemicals, this study was confined to 
quantifying the phenolic and flavonoid compounds through specific total 
phytochemical assays. Additionally, the assessment of DNA protective activity is 
limited to DNA damage inhibition, with genetic sequencing of the samples falling 
outside the scope of this research.

MATERIALS AND METHODS

Experimental Design

This study aimed to evaluate and compare the DNA damage protection activity 
of cogon grass ( ) extracts from ground and aerial parts using different I. cylindrica
extraction parameters. The experiment followed a multi-factorial randomized 
complete block design aimed to determine the best treatment combinations. The 
factors include two treatment groups; ground parts and aerial parts, two extraction 
methods; chloroform extraction, and extractive fermentation; and two pre-
treatment parameters; oven drying at 90 C, and freshly macerated (soaked for 24h). o

Overall, there were a total of eight treatment combinations and a negative control 
for fermentation.

Collection and Preparation of Plant Samples

Cogon grass samples both the ground and aerial parts were collected within the 
vicinity of VSU, Baybay City, Leyte, (Figure 1). The samples were washed, and wet 
droplets were dried off followed by the separation of the ground and aerial parts. 
The individual parts were cut into smaller pieces, packed, weighed and subjected to 
oven drying at 90 C for 75mins as suggested by Saifullah et al. (2019). The dried o

samples were pulverized, weighed and stored in a clean dry container for further 
use. Furthermore, the moisture content of the dried samples was calculated using 
Equation 1. A second batch of freshly collected cogon roots and leaves were 
macerated and subjected to immediate solvent extraction or fermentation as the 
treatments for freshly macerated samples.

Equation 1: 
Initial Weight Dried Weight

%Moisture Content 100
Initial Weight

x
-

=
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Figure 1. VSU, Department of Location and collection site of the cogon grass samples (
Biotechnology, 2024)

Extractive Fermentation

Following a modified method of Li et al. (2018), fresh cogon grass samples 
were initially mixed with distilled water in a 1:8 mass ratio (samples:dH O) and were 2

soaked for 24h before blending. In separate glass vessels, 100g were used as 
substrate for each of the powdered samples, while 150g were used for the fresh 
macerated samples. For fermentation, the powdered cogon grass samples were 
mixed with distilled water in a 1:8 mass ratio. The soaked fresh samples were 
blended until macerated. Cellulase, pectinase, and sugar were added up to 
concentrations of 0.01%, 0.005%, and 21%, respectively. Dissolved baker's yeast 
(100mg mL ) to give 0.02% concentration was inoculated into the substrate. The -1

cultures were allowed to ferment for a total of 12 days. Three days, in open glass 
containers at room temperature. Then after the third day, they were sealed and 
incubated at room temperature for the remaining nine days of fermentation. The 
fermented samples were filtered and centrifuged, separating the supernatants 
from the residues. The supernatants were collected and stored in a refrigerator until 
further analysis. A negative control set-up was prepared indicated as the 
fermentation control. The fermentation control (F. ctrl) was the same composition 
of cellulase, pectinase, sugar, and yeast that had been added into the samples, but 
omitting the cogon grass samples. The method of Li et al. (2019) did not include the 
specified humidity. Thus, to further supplement the data, the relative humidity for 
the entire fermentation duration was recorded at an average of 15% and 25 C room o

temperature.



Phytochemical extraction and in vitro UV/H O  photolysis 2 2

107

Solvent Extraction

The powdered and macerated samples (roots and leaves) were soaked in 
400mL of concentrated chloroform for 24h with occasional stirring. After soaking, 
the samples were initially filtered with a cheesecloth. The filtrate was allowed to 
pass through Whatman No.1 filter paper. The residues from the first filtration were 
subjected again to another round of extraction until collected filtrates were pooled 
and concentrated with a rotary evaporator at 80-100rpm at 40-50 C. The crude o

extracts were weighed, and the percentage yield was computed using Equation 2. A 
stock solution of 10,000ppm was prepared by dissolving the crude extracts in 
deionized distilled water and stored at 4oC.

 Equation 2:

Phytochemical Analysis

In this study, the total flavonoids and total phenolics in the roots and leaves 
extracts were quantitatively analyzed using spectrophotometric analysis. The 
analysis was conducted in the Department of Biotechnology, Visayas State 
University using a Shimadzu UV-1790 UV-Vis Spectrophotometer. The assays were 
read in duplicate at their respective wavelengths. The results of the assays were 
statistically analyzed through one-way Analysis of Variance (ANOVA), and Tukey's 
Honest Significant Difference (HSD) for post-hoc analysis of the phytochemical 
difference in the extracts. The equation generated from the standard curve was 
used to calculate the concentration of the extracts. The one-way Analysis of 
Variance (ANOVA) showed that at a 5% level of significance, there was a significant 
difference between the different groups. To determine the significant difference 
between each group, the results were further analyzed using Tukey's Honest 
Significant Difference (HSD).

Total Flavonoid Content

Using a modified method of Jaradat et al. (2021), the total flavonoid content of 
the plant was determined based on the reaction with aluminum chloride. In a tube, 
0.25mL of the diluted extracts (1,000ppm for chloroform crude samples and 100% 
for fermented samples) and standards were mixed with 1.5mL methanol, 0.1mL 
10% aluminum chloride, 0.1mL 1M potassium acetate, and 2.5mL distilled water 
and allowed to stand at room temperature for 30mins. Afterwards, the absorbance 
was measured at 415nm with the UV-vis spectrophotometer. The analysis was 
duplicated, and a standard calibration curve was prepared using quercetin at 
different concentrations, (i.e. 10, 20, 40, 60, 80, 100, 300, and 500 gmL ). The total -1μ
flavonoid content of the plant extract was extrapolated from the standard curve and 
the final value was expressed as microgram of quercetin equivalent per gram of the 
dry sample (µg QEg  dry sample).-1

Total mass of crude extract
% 100

Total mass of dried sample
yield x=
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Total Phenolic Content

Following a modified method of Sari et al. (2023), 0.1mL of the diluted extracts 
(1,000ppm for chloroform crude samples and 100% for fermented samples) and 
standards were mixed with 0.1mL of Folin–Ciocalteu reagent and shaken for 1min. 
The mixture was left to stand for 5mins, and then 1mL of 7% sodium carbonate 
solution was added. The solution was then diluted to 5mL using dH O in a tube. 2

After 120mins in the dark at room temperature, the absorbance was measured at 
750nm using the UV-Vis spectrophotometer. The analysis was duplicated and a 
standard calibration curve was prepared using gallic acid at different 
concentrations, (i.e. 10, 20, 40, 60, 80, 100, 300, and 500 g mL ). Phenolic contents -1μ
were expressed in microgram equivalent of gallic acid per gram of dry sample (µg 
GAEg  dry sample).-1

DNA Damage Protection Activity

Assessment of the extracts' antimutagenic properties was prepared through 
DNA damage inhibition assay. The ability of the cogon grass extracts, prepared 
using different combinations of drying and extraction methods, to protect DNA 
from the damaging ROS or free radicals produced by the photolysis of the UV/H O2 2 

system was analyzed using a modified method of Manalo et al. (2020). Crude 
chloroform extracts at 100ppm, and 1,000ppm in water were analyzed. On the other 
hand, the fermented samples were analyzed at 100% and 10% concentrations. The 
assay was done by photolyzing H O  with UV radiation in the presence of pUC19 2 2

plasmid DNA extracted from transformed E. coli that was purchased from Addgene 
in the form of an agar stab. The agar stab culture (Plasmid#50005) was produced 
by the Joachim Messing Lab. The bacterial culture was screened using ampicillin in 
LB media and was stored at - 80 C in 10% skim milk as a stock culture. The stored o

culture was revived, and the pUC19 plasmid DNA was extracted using an alkali 
plasmid extraction protocol (Addgene, 2018).

Prior to every assay, fresh plasmid DNA was extracted from the transformed E. 
coli. After acquiring the plasmid DNA (pUC19), in a 96-well plate, 2µL of pUC19 
plasmid DNA was added to 10µL of plant extract. A negative control containing 
10µL of ultra-pure water was also added into another well. Then 4µL of 3% H O  was 2 2

added to all wells containing the samples, including the negative control. To initiate 
the photolysis reaction, the microtiter plate was placed directly onto the surface of a 
UV-transillluminator (302nm) for 10mins at room temperature. Another batch of 
plasmid DNA was added into the empty wells after the irradiation to serve as 
positive control. Lastly, 2µL loading dye was mixed into every single well, this 
included crude samples, fermented samples, negative control, and positive control. 
All reaction mixtures were analyzed using agarose gel electrophoresis (AGE) with 
1% agarose gel with gel red in 1X TAE buffer. The gel was run at 120V for 30mins. 
The resulting gel was viewed under the UV-transilluminator (302nm), and was band 
scored based on the positive and negative controls (Manalo et al., 2020). A sample 
for each treatment combination was ran once and was repeated if non-conformities 
were identified from the resulting gel.
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RESULTS

Crude Extraction from Cogon Grass using Different Methods

Around 289g roots and 504g leaves of cogon grass were initially weighed and 
oven-dried at the National Abaca Research Center (NARC), VSU Main Campus, 
Baybay City, Leyte. The dried samples yielded 182g of pulverized roots, and around 
250g of pulverized leaves. Using Equation 1, the moisture content lost upon oven 
drying the cogon grass samples was approximately 37.02% and 50.4% for the roots 
and leaves, respectively.

The total volume produced from the fermented samples was 800mL from the 
fermented powdered samples, and 1,200mL from the fermented macerated 
samples.

Table . Percentage yield of the crude extracts1

109

*CRP – Crude Root Powder; CLP – Crude Leaf Powder; CLM – Crude Leaf Macerate; CRM – Crude Root Macerate

Based on the calculation (Table 1), the sample that had the highest yield of 
extract was the crude root powder (CRP). Both the crude leaf powder (CLP) and 
crude leaf macerate (CLM) had an average yield of around 0.52%. However, the 
crude root macerate (CRM) had the lowest percentage yield of the extract yielding 
only around 0.08% from the extracted crude sample.

Phytochemical Analysis

Using simple linear regression, the absorbance of the phytochemical standards 
was analyzed, and a standard curve was generated yielding approximately greater 
than 0.99r  value, which is within the range of accepted value. Since the fermented 2

samples were not concentrated using a rotary evaporator, to assess the 
effectiveness of the semi solid state fermentation (SSF), the equivalence values 
were converted to grams of dried sample matter instead of the grams of dried 
weight of the extract.

*Samples Sample (g) Crude Extract (mg) Yield (%) 

CRP 75 626.7 0.84% 

CLP 100 544.0 0.54% 

CLM 150 759.2 0.51% 

CRM 150 118.0 0.08% 
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*Blue triangles – Measured absorbance values of quercetin standards; Orange squares – predicted absorbance values 
based on linear regression

*Blue triangles – Measured absorbance values of gallic acid standards; Orange squares – predicted absorbance values 
based on linear regression

Figure 2. Generated standard curves for Quercetin and Gallic acid.

Separate data was calculated to fit with the results of the previous study since 
the unit for comparison of phytochemical content in this study was adjusted to 
compare chloroform extract and fermented extracts shown in Table 2.

Lalthanpuii et al. (2018) extracted cogon grass roots by air drying to acquire 
their powdered samples. Moreover, Roshanak et al. (2016) and Saifullah et al. 
(2019) concluded that oven-dried extracts yielded more phytochemical content in 
comparison to air-dried and freshly macerated extracts. Looking at Table 2, the 
difference in the flavonoid content of the oven-dried root powder (CRP) and air-
dried root powder as detected by Lalthanpuii et al. (2018) is only around 10mg QEg  -1

dry wt. more, while the overall phenolic contents of the extracts in this study were 
considerably higher in comparison.



Table . Comparison of the Total Phenolic Content (TPC) and Total Flavonoid Content (TFC) 2
chloroform extracts with previous literature.
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Figure 3. Summary of the total phytochemical (phenolic and 
flavonoid) content of cogon grass extracts

*Samples 
TPC 

(mg GAEg-1 dry wt.) 
TFC 

(mg QEg-1 dry wt.) 

CRP 36.49 20.57 

CLP 34.48 27.54 

CLM 29.56 6.60 

CRM 29.90 7.18 

Chloroform Extract (Lalthanpuii et al. 
2018) 7.54 30.88 

 *CRP – Crude Root Powder; CLP – Crude Leaf Powder; CLM – Crude Leaf Macerate; CRM – Crude Root Macerate; 
Chloroform Extract – Data from previous literature (Lalthanpuii et al. 2018)

Total Flavonoid Content

In Figure 3, it was observed that the fermented leaf powder (FLP) obtained the 
significantly highest flavonoid content with 2,040.04±15.45µg QEg  dry sample -1

followed by fermented leaf macerate (FLM). Furthermore, the analysis also 
indicated no significant difference between crude powdered samples (CRP and 
CLP), and macerated samples (CLM and CRM). However, it is worth noting that 
CRM had the least detected flavonoid content among all other samples. Moreover, 
the flavonoids were not detected among the fermented root samples, both 
powdered and macerated, or in the fermentation control.
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Total Phenolic Content

The total phenolic contents of the samples were greater in comparison to the 
flavonoid content. This was observed particularly in the fermented extracts, 
especially for the fermented root samples where samples having no flavonoids 
detected showed highly significant levels of phenolic content. As seen in Figure 3, 
the highest significantly different sample was still FLP at 2724.93±1.84µg GAEg  -1

dry sample now followed by FRP, FLM, and FRM. Meanwhile, CRM still had the 
lowest yield in comparison to other samples. The fermented control and CRM, 
together with CLP and CLM had no significant difference in their concentration.

DNA Damage Protection Activity

The initial AGE reading from the DNA damage inhibition assay is shown in 
Figure 4. The bands were scored based on the control (C) DNA and irradiated (IR) 
DNA, which was further separated on the red-line. Bands above the red-line labeled 
as (+) meaning, an inhibition or DNA was retained. On the other hand, bands below 
the red line were labeled as (-) indicate DNA damage.

Figure 4. Initial DNA damage inhibition activity of the extracts.

 The irradiated DNA (IR) treated with 302nm UV light and 3% H O  for 10mins as 2 2

seen on the left side of the gel, does not align with the rest of the bands indicating 
DNA degradation through fragmentation resulting in smaller bp size and faster 
migration of the bands. The plasmid DNA bands treated with the chloroform crude 
extract solutions align with the control DNA bands which indicate that these 
extracts possess protective activities.
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Figure 5. DNA damage inhibition assay of fermented samples (second run)

Fortunately, the results of the initial run was consistent with the results of the 
second run as shown in Figure 5. This meant that the fermented root samples (FRP 
and FRM) had DNA-damaging properties since there was almost complete DNA 
degradation shown by the faint bands. This indicated that the photolysis of the 
fermented root solutions produced excessive ROS causing the plasmid DNA to be 
completely degraded.

To further assess the protective and damaging properties of the extracts, the 
concentration of the samples was lowered to 10% of the initial concentration; 100 
ppm for crude extracts, and 10% for fermented extracts. This was conducted to 
confirm if the properties of the extracts would vary depending on their 
concentration. As expected, shown in Figure 6, when the concentrations were 
lowered, none the samples exhibited any protective activity against ROS produced 
from the photolysis of UV/ H O . In addition to that, the fermented root samples 2 2

which had exhibited excessive DNA damage, now exhibited damaging activity 
similar to the negative control (IR).

The fermented root samples (FRP and FRM) showed very faint bands which 
indicate the possibility of an error, or the result of complete DNA degradation. Thus, 
a repeat test was performed to confirm these results. However, the fermented 
control did show inhibition towards DNA damage. To further confirm these results, 
the fermented samples at 100% concentration were rerun in agarose gel 
electrophoresis as shown in Figure 5.
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Figure 6. DNA damage inhibition activity at lower sample concentrations

DISCUSSION

Several factors interplay which affect the yield of the crude extract such as the 
polarity of the solvent, chemical structure of the extracted poly/phenolic 
compounds, extraction method, plant matrix, and presence of interfering 
substances. Most of the time, more polar solvents would produce more extraction 
yield due to the availability of readily soluble plant materials in higher polarity 
solvents. The solvent used in this study was chloroform, which is known to be a less 
polar substance in comparison to water, methanol, and ethanol. However, there is 
no direct correlation between the yield and phytochemical content of the sample 
based on the study of Abu et al. (2017) which showed that despite the solvent 
extraction using water yielding more extracts, it had the lowest total phenolic 
content compared to the other two polar solvents used (methanol and ethanol). On 
the other hand, the availability of readily soluble plant matrix can be attributed to the 
drying method that was employed in the study. Plant samples with harder cellular 
matrix such as parts of the root system are difficult to extract. Hence, drying the 
plant samples which can generally weaken its cellular matrix would increase the 
extraction yield (Abu et al., 2017). Thus, the low extraction yield produced in this 
study is attributed to the non-polarity of the solvent and the non-totally disrupted 
cellular matrix of the samples.

There are limited comparison studies between individual plant parts. Moreover, 
this is one of the first studies that actively compares the leaves and root extracts of 
cogon grass. In some studies, powdered root extracts generally have higher 
phytochemical concentrations in comparison to powdered leaves. One of the most 
recent studies was between leaf and root extracts of   Turcz by Kim Ligularia fischeri
et al. (2022). In addition, older studies also support the implication that root extracts 
have higher phytochemical yield compared to leaf extracts as reported by 
Senguttuvan et al. (2014) and Metsopkeng et al. (2020). This trend can also be seen 
in this study in which CRP has greater phenolic and flavonoid content 
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compared to other chloroform extracts (CLP, CLM, and CRM). However, the 
aforementioned comparison studies used ethanol for solvent extraction, which is a 
polar substance, while in this study, chloroform was used, a non-polar substance. 
This may imply that phenolics and flavonoids of lesser polarity were extracted from 
the cogon grass samples through chloroform extraction. Haminiuk et al. (2014) 
explained that polyphenolic compounds, such as flavonoids, are more soluble in 
organic solvents that are less polar than water (e.g. chloroform). However, the 
fermentation set-up in this study is considered to be an aqueous solution, a polar 
system. One of the factors that can increase the solubility of phenolic compounds in 
a polar solution is through ionization where ionizable functional groups are ionized 
when the pH of the system exceeds the pKa value of the compound (Cui et al., 
2023). However, fermented products generally have lower pH due to the organic 
acids that microorganisms produce, especially , which is an acidophile. S. cerevisiae
Thus, there could be two other reasons why fermentation was able to increase the 
phytochemical content i.e., by enzymatic hydrolysis and biotransformation (Adebo 
& Gabriela Medina-Meza, 2020). 

Flavonoids are intracellular phytochemical compounds produced by plant cells. 
Most of these compounds are bound to different cellular components known as 
bound flavonoids which are difficult to extract in an aqueous solution without the 
use of components that can release these bound residues. The use of cellulase and 
pectinase in this study as recommended by Li et al. (2019) assists in the 
decomposition of cellulose and pectin, the main components of the plant cell walls. 
In fermentation, since  lacks these enzymes, it increased the S. cerevisiae
phytochemical yield in their study.

In this study, the same trend was observed in the fermentation of cogon grass 
leaves following the recommended fermentation composition and duration for 12 
days. However, the fermented cogon root samples exhibited an absence of 
flavonoids. According to previous studies, cogon grass root extracts have innately 
low flavonoid content especially when using polar solvents such as ethanol, 
methanol, and water (Lalthanpuii et al., 2018; Indriyanti et al., 2022). However, 
bound phytochemicals should be released and extracted into the aqueous system 
through enzymatic activity in fermentation despite their lack of solubility in polar 
solvents. The reason why flavonoids were not detected in the fermented cogon 
roots, other than having low innate flavonoid content,  was probably due to the 
enzymes themselves. according to Hernández et al. (2003) exhibited S. cerevisiae 
β-glucosidase activity which can hydrolyze polyphenols like flavonoids into simple 
phenols (Tsao, 2010). Hence, the results of total flavonoid content on the cogon 
grass extracts imply that the flavonoids (polyphenols) present in cogon grass roots 
are more soluble in organic non-polar solvents and were hydrolyzed into simpler 
phenols which are usually phenolic acids more soluble in polar solvents. On the 
other hand, the bound flavonoids present on cogon grass leaves were easily 
released by fermentation and enzymatic activity leading to more bound residues 
being released and becoming soluble. This also means that most of these 
flavonoids were non-hydrolyzable polyphenolic substances, which is why the 
fermented cogon leaves exhibited the highest flavonoid yield (Singla et al., 2019).

One of the limitations of this study was that the physicochemical composition 
(e.g. alcohol content) of the fermented extracts was neither analyzed nor purified 
through distillation or rotary evaporation. Hence, since fermentation generally 
produces numerous alcoholic compounds due to the presence of yeast in the 
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mixture, this could explain why there were high phenolic levels in the fermented 
samples even the fermentation control.  As previously explained, two main reasons 
for the increased phytochemical content in the fermented extracts were enzymatic 
hydrolysis and biotransformation. Adebo & Gabriela Medina-Meza (2020) reviewed 
that the use of  strains heavily attributed to the corresponding Lactobacillus
increase of catechin, gallic acid, and quercetin in whole grain cereals. The phenolic 
degradation exhibited by enzymatic hydrolysis enabled the bioactive compounds 
of fermenting microorganisms to biotransform released bound phenolic 
compounds. Another study by De Montijo-Prieto et al. (2023), also concluded that 
biotransformations conducted by bacterial metabolism were able to modify the 
phenolic compound profile of avocado leaves with the aid of glycosidases or 
decarboxylases, hereby, releasing bound phenolics. This is also true for S. 
cerevisiae β since this microorganism exhibits -glucosidase activity (Hernández et 
al., 2003). Thus, using cellulase and pectinase to decompose cellulose and pectin 
into individual sugar monomers, paired with -glucosidase, enables the bound β
phenolics to be released from such covalent bonds. In addition to that, the 
hydrolyzable polyphenolic compounds from flavonoids were also hydrolyzed into 
simpler phenols which was indicated by the loss or undetected presence of 
flavonoids in fermented cogon roots, and an excessive increase of phenolic content 
in such extracts.

The DNA damage protection assay determined that the damaging property of 
the fermented root samples can be further traced back to the phytochemical 
analysis. It was determined that there was a negative presence of flavonoids in 
these extracts despite FRP having one of the highest phenol levels. Alcohols are 
one of the main byproducts of fermentation and it can be further confirmed from the 
smell of the fermented solutions. The main composition of alcohols are the 
hydroxyl groups, and through oxidative stress, these could break down and form 
ROS (Wu & Cederbaum, 2003). Furthermore, it was stated that the flavonoid 
contents present in the fermented root extracts could be hydrolyzed into simpler 
phenols. A study by Akbal & Onar (2003), has shown that phenols exhibit 
photocatalytic degradation when exposed to the UV/H O  system during 2 2

photolysis. The phenolic degradation depends on the hydrogen peroxide 
concentration, UV wavelength, and pH level of the solution. Fermented solutions 
are generally acidic, and it was shown that after the first 15mins of irradiation, the 
phenolic decomposition of the samples was at approximately 50% with pH levels 3 
and 5 (acidic condition). The pH level requirement for phenolic degradation would 
also explain why the chloroform crude extracts did not exhibit any DNA-damaging 
properties. The photocatalytic degradation of phenols and alcohols further 
enhances the production of ROS in the system. Hence, the reason why the 
fermented root samples DNA-damaging properties could be due to the alcohol 
content, negative presence of flavonoids, and photocatalytic degradation of 
phenolic compounds. This could imply a potential application for regulatory activity 
against cancer cells by inducing apoptosis caused by the excessive DNA-damaging 
properties of these fermented root samples.

On the other hand, it was also further confirmed that the fermentation control 
indeed has an inhibitory property towards DNA damage despite having a negative 
presence of flavonoids and average phenolic content. The fermentation control 
was only composed of cellulase, pectinase, sugar, and yeast. This meant that the 
yeast was still able to perform metabolic activity, while the enzymes remained 



unused since there was no lignocellulosic material present in its composition. 
However, when exposed to oxidative stress from ROS, enzymes start to degrade 
and cleave individual amino acid residues, like tryptophan, cysteine, and 
methionine. Such amino acid residues are known for radioprotective effects 
against plasmid DNA-induced damage, and also for double-strand breaks (DBS) 
(Yogo et al., 2021). Therefore, since the fermentation control had low phenolic 
content, the amino acids produced from cleaving the enzymes present in the 
fermentation control system through oxidative damage could have further 
interacted with the plasmid DNA preventing the ROS from causing DNA 
fragmentation.

The fermented leaf samples also had an interesting result regarding their DNA 
damage inhibition property. The phytochemical analysis on Table 2 has shown that 
the fermented leaf samples had the highest flavonoid and phenolic contents 
especially fermented leaf powder (FLP). However, the assay in Figure 6 has shown 
that FLP had DNA-damaging properties since the fragmentation of the DNA can be 
observed from the bands, almost aligning with the irradiated DNA. The reason could 
be similar to the fermented root samples due to the presence of alcohols in the 
system and the photocatalytic degradation of phenols since FLP has the highest 
phenolic content at 2724.93±1.84µg GAEg  dry sample. However, since the -1

flavonoid content of FLP was also high, some of the DNA was retained rather than 
exhibiting the complete degradation that occurred with the fermented root 
samples. Lastly, only the fermented leaf macerate exhibited a protective property 
probably due to its average phenolic and flavonoid content. With these results, the 
fermented extracts offer a new research gap and potential for extraction of 
phytochemicals and DNA damage protection activity.

Overall, all of the chloroform crude extracts at 1000 ppm exhibited DNA 
protective activity against the free radicals produced from the photolysis of 
UV/H O . In addition, the fermented control (F. ctrl) and fermented leaf macerate 2 2

(FLM) exhibited a protective property towards DNA damage while the fermented 
leaf powder caused slight DNA damage to the plasmid DNA. Lastly, the fermented 
root samples (FRP and FRM) were shown to cause excessive degradation of the 
plasmid DNA.

The results imply that the cogon grass chloroform crude extracts and 
fermented leaf macerate (FLM) offer potential towards anti-cancer technology. 
Moreover, even the damaging properties of FRP and FRM have potential to be 
utilized as an apoptotic regulator. These are recommended for future studies. 
Specifically, a more thorough analysis of cogon grass extractive fermentation and 
further assessment of DNA damage protection activity through quantitative assays 
are recommended.

CONCLUSION

The study aimed to validate optimized methodologies derived from relevant 
literature, leading to several key conclusions. First, cogon grass extracts that 
underwent oven drying and fermentation showed the highest phytochemical 
contents, particularly in the aerial parts. Specifically, the fermented leaf powder 
(FLP) yielded the highest total phenolic and flavonoid content.  Additionally, the 
increased phenolic content of fermented samples indicates that microbial activity 
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and enzymatic hydrolysis of polyphenols significantly elevated the phenolic yield. 
Furthermore, the presence of flavonoids in chloroform crude extracts and FLM, 
along with amino acids in the fermented control (F. ctrl), contributed to the DNA 
damage protective activity of these samples. Lastly, the high phenolic contents 
found in fermented root samples and FLP were linked to DNA damage due to an 
increased production of reactive oxygen species (ROS) resulting from the 
photodegradation of phenols under UV/ H O photolysis.2 2 
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