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The polyphenol content of Curcuma xanthorrhiza has an antioxidant capacity. The potential of the antioxidant
activity of plant extracts can be increased by accumulating more polyphenolic compounds. NPK fertilizer has
the potential to increase the phytochemical content of plants. The present experiment was aimed at evaluating the
polyphenol content and antioxidant activity of the methanolic extract of C. xanthorrhiza. The total phenolic content
was estimated using the Folin-Ciocalteu method, and the total flavonoid content was evaluated using the AICI,-
colorimetric method. Antioxidant activity in the methanolic extract of C. xanthorrhiza was analysed using four
methods. The greatest increases in phenolics and flavonoids were observed in the NPK treatment, at 34.54 mg GAE/g
dry weight and 50.00 mg Quercetin Equivalent/g dry weight, respectively. Moreover, the application of combined
N, P, K fertilizers was found to increase the antioxidant activity of C. xanthorrhiza. The PK treatment exhibited the
highest antioxidant activity, as determined by the DPPH method (147.33 TE/g dry weight), while the NPK treatment
yielded the highest antioxidant activity according to the ABTS and Cupric reducing antioxidant capacity methods, at
261.67 umoL TE/g dry weight and umol TE/g dry weight, respectively. In contrast, the NK treatment produced the
highest antioxidant activity based on the Ferric reducing antioxidant power assay method, at 43.24 umoL TE/g dry
weight. The correlation analysis showed a positive-strong relationship between polyphenols and antioxidant capacity
in the methanolic extract of C. xanthorrhiza. This study revealed the role of NPK in increasing the biochemical
content and antioxidant properties of C. xanthorrhiza.

1. INTRODUCTION

have investigated the presence of xanthorrhizol in C. xanthorrhiza
and its biological activities, i.e., antifungal, antibacterial, and

One of the recognized plants from the Zingiberaceae family, Curcuma
xanthorrhiza roxb., is famous as a medicinal plant included in
the rhizome group [1]. Although the rhizome of C. xanthorrhiza is
primarily used in folk medicine, it is often used as a spice. Notably,
In Indonesia, the rhizome of C. xanthorrhiza has been vastly utilized
in a household to small-medium scale industries. Furthermore, the
pharmacological values of C. xanthorrhiza comprise antibacterial,
anti-inflammatory, antidepressant, hepatoprotective, and antioxidant
properties [2,3]. Rahmat ez al. [4] reported that more than 40 secondary
metabolites were identified in C. xanthorrhiza, including phenolic,
terpenoid, and curcuminoid compounds. C. xanthorrhiza contains a
specific secondary metabolite known as xanthorrhizol. Several studies
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antimetastatic [5]. Besides xanthorrhizol, curcuminoids, essential oils,
and starch fractions are essential constituents of C. xanthorrhiza [6,7].

The utilization of plant secondary metabolites has been a concern
for many years because of its health benefits for the human body.
The group of secondary metabolites most often studied for their
function for health is polyphenolic compounds [8]. As a type of
plant-based compound, polyphenols are one of the major groups
of secondary metabolites found in plants, alongside alkaloids
and terpenoids [9]. Most fundamentally, the biosynthesis of plant
endogenous polyphenolic compounds occurs as a protective response
to environmental stresses (abiotic stresses), as well as pathogen
and insect attacks, which are biotic stresses [10,11]. Polyphenolic
compounds are broadly distributed in all parts of the plant. Various
studies have noted the pharmacological effects of polyphenols as anti-
cancer, anti-inflammatory, anti-androgen, and anti-diabetic [12,13].
The antioxidant capacity is one of the essential pharmacological
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properties of polyphenolic compounds [14-16]. Polyphenolic
compounds have the antioxidant capacity to counter various types of
free radical species. Free radicals are reactive and unstable molecules
because they have unpaired electrons [17]. Moreover, Free radicals
tend to find their electron pair by taking electrons from other stable
molecules. Free radicals in the body ultimately damage the integrity
of biomolecules such as DNA, lipids, and proteins [18,19]. A large
number of free radicals can cause oxidative stress that leads to the
emergence of degenerative diseases. Thus, secondary metabolites with
antioxidant potential significantly eliminate free radicals and their
multiplication chain.

The potency of plant-based antioxidants can be increased by improving
the production of endogenous plant polyphenolic compounds. Genetic
and environmental factors contribute greatly to the production of
plant metabolites [20,21]. Particularly for C. xanthorrhiza, Nurcholis
et al. [22] stated the factors that affect the quantity and quality of
C. xanthorrhiza bioactive compounds, such as nutrient sufficiency, pest
and disease control, plant genetic potential, and post-harvest handling.
Fertilization, one of the plant cultivation techniques, affects plants’
growth and physiological characteristics and the production of plant
essential metabolites [23,24]. NPK fertilizer is an inorganic fertilizer
with three macronutrients (nitrogen, phosphorus, and potassium)
that play a significant role in plants’ vegetative and generative
growth phases. In general, the three macronutrients have an essential
role in the formation of biomolecules, as well as plant metabolism.
Nitrogen is a major component of DNA, RNA, amino acids, and
chlorophyll [25]. Phosphorus is responsible for the binding between
DNA (phospho-diester bonds), and the formation of chemical energy
(ADP, ATP) [26]. Potassium has a function in transfer assimilates and
enzyme cofactor [27]. Ahmed ef al. [28] reported an increase in the
content of flavonoids and carbohydrates due to the modification of the
dose of fertilization of Daucus carota L. Sun et al. [29] found an increase
in polyacetylene and volatile sesquiterpene oils of the Atractylodes
chinensis as a result of the application of phosphorus in high doses.
Gradually increasing the dose of NPK fertilization can improve the
content of carotenoid metabolites in Solanum muricatum [30]. The
former findings provide an insight that optimization of the production
of plant endogenous secondary metabolites can be achieved through
modifying the fertilization techniques. Thus, the present study aims to
grasp the role of the application of NPK fertilizer on the polyphenol
contents and antioxidant properties in C. xanthorriza.

2. MATERIALS AND METHODS

2.1. Materials

The list of solutions and materials used in this study included methanol
(Merck), aluminum chloride (Merck), potassium acetate (Merck),
quercetin (Sigma-Aldrich), Folin-Ciocalteu reagent (Merck), Na2CO3
(Merck), gallic acid (Merck), DPPH powder (Sigma-Aldrich),
tripyridyl-s-triazine  (TPTZ) (Sigma-Aldrich), FeCl3 (Merck),
HCI solution (Merck), acetic acid (Merck), neocuproine (Merck),
ammonium acetate (Merck), ABTS powder (Sigma-Aldrich), K2S208
(Merck), and Trolox (Sigma-Aldrich).

2.2. Experimental Sites

Cultivation until harvesting of C. xanthorrhiza rhizomes was carried
out in the Biopharmaca Conservation and Cultivation Station, West
Java of Indonesia (6°3°49” and 106°42°57” E). Analysis of polyphenols
and antioxidant activity of C. xanthorrhiza was located at Tropical
Biopharmaca Research Center, Bogor Agricultural University (IPB)

(6°32°25.47” N and 106°42°53.22” E) and Biochemical Research
Laboratory, Department of Biochemistry, Faculty of Mathematics and
Natural Sciences, Bogor Agricultural University (IPB).

2.3. NPK Treatment and Experimental Design

In this study, the rhizome of C. xanthorrhiza was used as planting
material. The planting material used in this study was the Cursina-2
variety obtained from the Indonesian Spice and Medicinal Crops
Research Institute in Bogor, Indonesia. The rhizomes are sown in
polybags (15 x 10 cm) for 2 months. After 2 months of growth, the
C. xanthorrhiza seedlings were transferred to bigger polybags (40 x
30 cm). The mature rhizome was then harvested 5 months after planting.
The field experiment was designed with a randomized complete block
design. Eight treatments consisted of control (C/untreated), N, P, K, NP,
NK, PK, and NPK, each treatment was replicated three times, and one
experimental unit consisted of five C. xanthorrhiza plants. Thus, there
are 120 plants planted in this research. NPK treatment was given twice,
1 month after transplanting and 3 months after transplanting. The dose
of each nutrient was designated as follows: n = 250 kg/ha (3.75 g/pot),
P =200 kg/ha (3 g/pot) and K =200 kg/ha (3 g/pot). The combination
of nutrients and fertilizer doses was based on prior research conducted
by Nihayati ef al. [31] and Peng and Ng [32]. Throughout the research,
plant maintenance activities such as watering, weeding, and pest and
disease control were conducted to ensure the plants remained in good
condition. These activities were performed from the seedling stage
until harvest.

2.4. Extraction Method

Fresh rhizomes of C. xanthorrhiza were washed and dried in an oven at
45°C for 8 h. The dried rhizomes of C. xanthorrhiza were weighed and
then mashed into powder. Extraction of test samples of C. xanthorrhiza
using a maceration technique which refers to Khumaida ez al. [33] with
a slight change. To prepare the sample, 25 grams of C. xanthorrhiza
powder was mixed with 250 mL of methanol (95%) and shaken for
24 husing a water bath shaker (WiseBath, Korea) at a speed of 120 rpm
and a temperature of 37°C. The mixture was then filtered using filter
paper (Whatman-type 4) to obtain the first filtrate. The maceration
technique was repeated on the first residue until the second filtrate
was obtained. The first and the second filtrates were then combined
and concentrated using a vacuum evaporator (OGAWA, Japan) at a
temperature of 45°C and a pressure of 80 cmHg. Evaporation of the
filtrate of C. xanthorrhiza produces a viscous extract that is used for
polyphenols and antioxidant activity analyses.

2.5. 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) Assay

The analysis of DPPH scavenging activity refers to
Nurcholis et al. [34] with minor modifications. 100 uL methanol
extract of C. xanthorrhiza was mixed into a microplate with 100 uL
of DPPH solution (125 M). Soon after, the test solution, a mixture
of extracts and DPPH solutions, was incubated in the dark for
30 min. The absorbance of the test solution was measured using a
nano-spectrophotometer (SPECTROstarNano BMG LABTECH)
at a wavelength of 517 nm. Trolox is used to make standard curves
for determining antioxidant activity, converted as wmol TE (Trolox
equivalent)/g dry weight. The standard trolox solution consisted
of seven concentration levels: 0, 20, 40, 60, 80, 100, and 120
UM. Antioxidant activity was calculated using the equation y =
0.4252x - 1.3922, where y represents the absorbance value and x
represents the trolox concentration.
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2.6. 2,2'-Azino-Bis-3-Ethylbenzthiazoline-6-Sulphonic Acid
(ABTS) Assay

The ABTS scavengingactivity evaluationrefers to Kumarezal.[19] with
minor changes. ABTS reagent consisted of two solutions, i.e., ABTS
stock solutions (7 mM) and K,S, O, stock solutions (2.4 mM). ABTS
stock solution and K,S,0, stock solution were combined in a ratio of
2:1 and incubated for 12 h. 20 uL methanol extract of C. xanthorrhiza
and 180 uL of ABTS reagent were mixed in a microplate and
incubated in the dark for 6 min. The absorbance of the mixed solution
was measured using a nano-spectrophotometer (SPECTROstarNano
BMG LABTECH) at a wavelength of 734 nm. Trolox is used to make
standard curves for determining antioxidant activity, expressed as mol
TE (Trolox equivalent)/g dry weight. The standard trolox solution was
prepared with ten different concentration levels, ranging from 0 to 450
uM in intervals of 50 uM (i.e., 0, 50, 100, 150, 200, 250, 300, 350,
400, and 450 uM). Quantifying the antioxidant activity involved using
the equation y = 0,1323x + 0,5284, where y represents the absorbance
value and x represents the trolox concentration.

2.7. Cupric Reducing Antioxidant Capacity (CUPRAC) Assay

CUPRAC antioxidant analysis based on Nurcholis et al. [35] with
slight modifications. CUPRAC reagent was formed from a mixture of
Neocuproin (7.5 x 10-3 M), CuCl,.2H,0 (10-2 M), and ammonium
acetate buffer solution at pH 7 (1 M). 50 uL methanol extract of C.
xanthorrhiza and 50 uL of CUPRAC reagent were homogenized and
incubated in the dark for 30 min. The absorbance of the mixed solution
was measured using a nano spectrophotometer (SPECTROstarNano
BMG LABTECH) at a wavelength of 450 nm. Trolox is used to make
standard curves for determining antioxidant activity, represented as
umol TE (Trolox equivalent)/g dry weight. To determine the CUPRAC
antioxidant activity of the samples, a standard trolox solution was
made at seven concentration levels: 0, 100, 200, 300, 400, 500, 600,
and 700 uM. The absorbance values were then converted using the
equation y = 0.0017x + 0.0039, where y represents the absorbance
value and x represents the concentration of trolox.

2.8. Ferric Reducing Antioxidant Power Assay (FRAP) Assay

The FRAP analysis refers to Suleria et al. [36] with modifications. The
FRAP reagent consisted of three partial solutions, including acetate
buffer with pH 3.6 (300 mM), 2,4,6 TPTZ (10 mM) dissolved in HCl
(40 mM), and FeCl,.6H,0 (20 mM). Acetate buffer, TPTZ, and FeCl,
were mixed in a ratio of 10:1:1, and before analysis, the FRAP reagent
was incubated in a dark room at 37°C for 30 min. The FRAP assay
was performed by incubating the combined 10 uL of C. xanthorrhiza
methanol extract with 300 uL of FRAP reagent in the dark at 37°C
for 6 min. The absorbance of the mixed solution was measured using
a nano spectrophotometer (SPECTROstarNano BMG LABTECH)
at a wavelength of 593 nm. Trolox is used to make standard curves
for determining antioxidant activity, defined as umol TE (Trolox
equivalent)/g dry weight. Trolox standards were formulated at
seven concentrations: 0, 100, 200, 300, 400, 500, and 600 uM. The
antioxidant activity was quantified using the following equation:
y =0.0013x + 0.0107, where y represents the absorbance value and x
represents the trolox concentration.

2.9. Total Phenolic Content (TPC) Analysis

TPC measurement is based on the Folin-Ciocalteu method, which
refers to Zheng et al. [37] with minor modifications. The TPC assay
solution was prepared by combining 10 uL of methanol extract from C.

xanthorrhiza with 10 uL of 10% Folin-Ciocalteu reagent and incubating
for 5 min. Next, 20 uL of 7.5% Na,CO, was added to the mixture,
which was then incubated in a dark room for 30 min. The absorbance
of the mixed solution was measured using a nano spectrophotometer
(SPECTROstarNano BMG LABTECH) at a wavelength of 750 nm.
Gallic acid is used to make standard curves for determining the TPC
of C. xanthorrhiza, defined as mg GAE (gallic acid equivalent)/g dry
weight. The gallic acid standard was designed in seven concentration
levels: 0, 50, 100, 150, 200, 250, and 300 ppm. The equation used
to calculate TPC was y = 0.0058x + 0.1982, where y represents the
absorbance value and x represents the gallic acid concentration.

2.10. Total Flavonoid Content (TFC) Analysis

TFC was estimated using the AlCl,-colorimetric method, referred to
Sahid et al. [13] 10 uL methanol extract of C. xanthorrhiza was mixed
with 60 uL methanol, 10 uL AICI; 10%), 10 pL CH,COOK (IM),
and 110 uL distilled water. The absorbance of the mixed solution was
measured using an ELISA reader (Epoch Biotek, USA) at a wavelength
of 415 nm. Quercetin is used to make standard curves for estimating
the TFC of C. xanthorrhiza, defined as mg quercetin equivalent (QE)/g
dry weight. The quercetin standard was composed of six different
concentration levels, varying from 0 to 500 ppm in increments of
100 ppm (i.e., 0, 100, 200, 300, 400, and 500 ppm). To quantify TFC, the
following equation was used: y = 0,0038x + 0,0623, where y represents
the absorbance value and x represents the quercetin concentration.

2.11. Data Analysis

The effect of NPK fertilization on the polyphenol content and antioxidant
capacity of C. xanthorrhiza was statistically tested using analysis of
variance (ANOVA) followed by Duncan’s Multiple Range Test at
a significance level of 5%. ANOVA and posthoc test were analysed
using SPSS (version 26). Bar graph visualization was processed using
Microsoft Excel (2013). Correlation analysis was performed with R
studio software (version 4.1.3) using the analysis package “corrplot.”

3. RESULTS

3.1. Total Phenolics Content

The NPK fertilizers treatment using a single nutrient, a combination of
two nutrients, or a complete combination of NPK significantly affected
the TPC of C. xanthorrhiza [Figure 1]. TPC levels of C. xanthorrhiza
after treatment with different combinations of NPK fertilizers ranged
from 8.61 mg GAE/g dry weight (NP treatment) to 34.54 mg GAE/g
dry weight (NPK treatment). Interestingly, It is noteworthy that the
single nutrient (N, P, K) contributed better to the increase in TPC than
the combination of two nutrients (NP, NK, PK). Moreover, the TPC
in the control sample was increased compared to the two-nutrient
combination treatment. TPC in phosphorus and NPK treatment was
higher and remarkably different compared to the control treatment.

3.2. TFC

The effect of NPK fertilizer treatment on the TFC of C. xanthorrhiza
is illustrated in [Figure 2]. The highest TFC was recorded in the NPK
treatments at 50.00 mg QE/g dry weight, while the lowest TFC was
recorded in the control treatment at 11.83 mg QE/g dry weight.

3.3. Antioxidant Activities

The influence of NPK fertilization on the antioxidant activity of
C. xanthorrhiza according to the DPPH assay is presented in Table 1.
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Treatments DPPH (umol TE/g dry weight)  ABTS (umol TE/g dry weight) FRAP (umol TE/g dry weight) CUPRAC (nmol TE/g dry weight)
C 146.33+49.34° 220.00+£39.37+° 15.78+2.26° 155.32+14.18¢
N 76.33£16.59° 227.00+48.37° 20.97+2.26° 216.03+28.88"¢
P 157.67+42.82¢ 145.33+67.17°¢ 22.89+3.16° 147.76+32.01¢
K 139.33+51.54* 148.67+6.60°¢ 24.40+2.02° 222.16+16.51°¢
NP 113.67+38.24%° 230.00+23.28¢ 27.69+6.08° 175.23+38.17%
NK 169.67+4.87* 120.33+34.88¢ 43.24+2.06* 227.87+15.36¢
PK 147.33+19.67° 216.67+5.14%° 25.61£5.17° 259.60+55.30%°
NPK 139.00+17.68° 261.67+16.21* 41.76+3.46° 307.11£43.05°

C: Control (no fertilizer treatment), N: Nitrogen, P: Phosphorus, K: Potassium, DPPH: 2,2 diphenyl-1-picrylhydrazyl scavenging activity, ABTS: 2,2'-azino-bis-3-ethylbenzthiazoline-
6-sulphonic acid scavenging activity, FRAP: Ferric reducing antioxidant power, CUPRAC: Cupric reducing antioxidant capacity. Different letters within column showed significant
differences based on Duncan's Multiple Range Test (P<0.05). +refers to the standard error for each mean value.
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Figure 1: Variation of total phenolic content ofCurcuma xanthorrhiza through
combination of NPK nutrient treatments. C refers to control (no fertilizer
treatment), N refers to nitrogen, P refers to phosphorus, and K refers to
potassium. Different letters in each bar showed significant differences based
on Duncan’s Multiple Range Test (P < 0.05).

The mean antioxidant activity values of C. xanthorrhiza measured by
the DPPH method ranged from 76.33 umol TE/g dry weight (nitrogen
treatment) to 169.67 umol TE/g dry weight (nitrogen and potassium
treatment). The combination of nitrogen and potassium treatment
resulted in the highest antioxidant capacity, as determined by the
DPPH method, and this capacity was significantly different from the
nitrogen treatment alone. These findings suggest that NPK fertilization
can affect the antioxidant activity of C. xanthorrhiza, particularly its
scavenging activity, as measured by the DPPH method. In the DPPH
method, samples that exhibit antioxidant activity produce a yellow-
orange color change. The NPK treatment exhibited the highest mean
scavenging activity of 261.67 umol TE/g dry weight, as determined
by the ABTS assay. The antioxidant activity potential, which was
assessed based on the ABTS method, changed the colorless solution
to a green solution. As opposed to the NPK treatment, the combination
treatment of nitrogen and potassium was recorded with the lowest
scavenging activity of 120.33 umol TE/g dry weight. There were
two other treatments with lower antioxidant activity than the control
(220.00 wmol TE/g dry weight), including phosphorus treatment
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Figure 2: Variation of total flavonoid content ofCurcuma xanthorrhiza

through combination of NPK nutrient treatments. C refers to control (no
fertilizer treatment), N refers to nitrogen, P refers to phosphorus, and K refers
to potassium. Different letters in each bar showed significant differences
based on Duncan’s Multiple Range Test (P < 0.05).

(145.33 umol TE/g dry weight) and potassium treatment (148.67 umol
TE/g dry weight).

The NPK fertilizer treatment significantly affected the antioxidant
capacity of C. xanthorrhiza, as determined by the FRAP method.
The highest antioxidant capacity was observed in the NPK and
NK treatments, with values of 41.67 umol TE/g dry weight and
43.24 umol TE/g dry weight, respectively, according to the FRAP
assay. The reaction of FRAP solution with samples that possess
antioxidant activity shows a change in color from dense brown to
intense blue. These two treatments were significantly different from
the other treatments. Furthermore, The lowest antioxidant capacity
of FRAP was found in the control treatment (15.78 wmol TE/g
dry weight), followed by N, P, K, and combinations of NP and PK
treatments. The highest antioxidant activity was observed in the
NPK treatment (307.11 umol TE/g dry weight), followed by the PK
combination treatment (259.60 umol TE/g dry weight), based on the
CUPRAC assay. The control treatment and phosphorus treatment had
the lowest antioxidant activity, with values of 155.32 umol TE/g dry
weight and 147.76 umol TE/g dry weight, respectively. The color
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Figure 3: The correlation plot of polyphenols and antioxidant capacity of
Curcuma xanthorrhiza. The value inside each box represents the correlation
coefticient between the variables, which was statistically tested at a 5% level
of significance. The presence of a cross indicates that the correlation is not
statistically significant.

change reaction that occurs with the CUPRAC assay is blue-green
to yellow.

3.4. Correlation Analysis

Figure 3 demonstrates the relationship between polyphenols and
antioxidant assays of C. xanthorrhiza. TFC and TPC showed a positive
and strong correlation value of 0.79. Furthermore, TPC and TFC have
weak correlation values with ABTS of 0.06 and 0.08, respectively.
While the correlation value between TPC and DPPH is 0.29, lower
than the correlation value between TFC and DPPH (0.58). The
correlation value between TPC and FRAP is 0.31, while The higher
and stronger correlation values showed in TFC and FRAP (0.76). TFC
and CUPRAC have the highest correlation value of 0.92, while the
correlation value between TPC and CUPRAC is 0.57.

4. DISCUSSION

Recently, various studies related to the analysis of the antioxidant
activity in diverse medicinal plants have been of significant interest and
have evolved into an essential research topic in increasing medicinal
plants’ potency. C. xanthorrhiza has various pharmacological effects,
one of which is antioxidant (22)]. In this study, It was found that
the combined NPK fertilization affected the biochemical content
of C. xanthorrhiza, in this particular case, its polyphenol content
and antioxidant activity. The combination of three NPK increased
the polyphenol content and affected the antioxidant potential of
C. xanthorrhiza (except for DPPH and FRAP analysis). However,
Our findings tend to be different to other experimental results [30]
reported that the phenolic content in the control (untreated) treatment
of Pepino melon was remarkably higher than in the NPK treatment.
The study conducted by [38] stated that combining fertilization with
organic and bioorganic fertilizers was more effective in increasing
the polyphenol content of broccoli (Brassica olaracea, var. Italica).

The decrease in the content of flavonoids and saponins in Panax
notoginseng also occurred due to NPK treatment [39]. It is highly
likely that nitrogen application increases the synthesis of substrates
which act as precursors. It is well-established that nitrogen leads to an
increase in the synthesis of phenylalanine, which is the main precursor
in phenolic biosynthesis [40]. Therefore, it can be confidently assumed
that nitrogen application plays a significant role in enhancing phenolic
biosynthesis. Phosphorus plays a crucial role in plant biochemical
processes, acting as an agent for the formation and release of energy
in the form of ATP and ADP [41]. The synthesis of chemical energy
initiated by phosphorus fertilization is utilized by plants for various
cellular processes, including the biosynthesis of phenolic compounds.
Potassium plays a crucial role in numerous physiological activities
in plants, including the activation and stabilization of enzymes and
proteins [42]. These effects may indirectly influence the biosynthesis
of phenolic compounds, as many proteins and enzymes are involved
in their production.

Several results uncovered in this study appeared to be ‘counter-intuitive’.
For instance, TPC in the combination treatment of NP (8.61 mg GAE/g
dry weight), NK (16.19 mg GAE/g dry weight), and PK (9.84 mg
GAE/g dry weight) were significantly lower than the control treatment
(17.0 mg GAE/g dry weight) [Figure 1]. Furthermore, the antioxidant
capacity of the control treatment (based on the ABTS assay) was
higher than that of the P, K, and NK treatment combinations [Table 1].
Several studies have shown an opposite effect between nutrient supply
and quantity of plant metabolites [43] reported a decrease in the levels
of phenolic compounds when the dose of nitrogen treatment was
gradually raised. On the other hand, the results of [44] stated that low-
dose nitrogen treatment increased phenolic accumulation and activated
enzymes in phenolic biosynthesis in lettuce. The latter result implies
the role of phenolic compounds in various environmental stresses such
as such as drought, salinity, cold, heat, heavy metal toxicity, and UV
radiation. [20,21,45].

There are several hypotheses as the explanation of the phenomena in
this study. First, although the research results of Radusiené¢ et al. [38]
stated a decrease in the levels of phenolic compounds due to nitrogen
treatment, on the other side, there was a significant increase in
naphtodianthrones and emodin, both of which are derivatives of
anthraquinone. It is in line with Carol et a/. [30] which stated a decrease
in the amount of TPC Pepino melon due to NPK treatment, but a
drastic increase in lutein, lycopene, and [-carotene. Furthermore, the
research of Narvekar and Tharayil [46] stated that the nitrogen supply
increased the quantity of proanthocyanidins in strawberries, one of
the phenolic oligomers. However, in the other phenolic oligomers, it
did not occur. The exogenous nitrogen supply increases the saponin
content in Anchomanes difformis [47]. Thus, although there was a
decrease in TPC, there was an increase in other compounds that were
still included in the phenolic group, or other compounds from other
groups. Plant biosynthetic systems involve complex interactions
between enzymes and substrates. Further research needs to examine
a wider biochemical spectrum of C. xanthorrhiza to obtain a bigger
picture regarding the role of NPK on the biochemical content of C.
xanthorrhiza. Second, There are metabolites known as nitrogen-
containing secondary metabolites [48]. From their chemical structure,
these compounds are rich in nitrogen. Alkaloids, glucosinolates,
cyanogenic glycosides, alkamides, and lecithin are nitrogenous
secondary metabolites [49]. Some of these compounds have identified
their health-giving effects as anti-bacterial, anti-viral, anti-malarial,
anti-cancer, and immunosuppressive [50]. It is assumed that there is a
change in the content of nitrogen-containing secondary metabolites of
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C. xanthorrhiza through the NPK treatment. However, This hypothesis
needs to be proven through different biochemical analyses. Thirdly,
environmental factors and post-harvest handling can affect the
composition of plant primary and secondary metabolites [51] reported
an increase in flavonoids in the leaves of Lithocarpus litseifolius due to
the application of light intensity. Meanwhile, the increase in scutellarin,
a flavone glycoside, in the leaves of Erigeron breviscapus occurred
due to direct exposure to sunlight with high light intensity [52]. Li
et al. [53] reported the activation of o-linolenic acid biosynthesis
and jasmonic acid and their accumulation during the cold period in
Camellia japonica. In addition, various reports agree that drought
stress affects the accumulation of plant phenolic [54-56]. In addition to
factors that occur in the experimental field, season and harvesting time
allow for altering the plant phytochemicals and their pharmacological
effects [57,58]. Overall, there are many factors, both endogenously
and exogenously, that affect the accumulation of plant metabolites.
In addition, One plausible explanation for the decrease in plant
metabolite yields resulting from fertilizer treatment is the occurrence
of antagonistic relationships between nutrients. Antagonistic effects
between nutrients can occur when plant yields are lower than expected
due to the combination of the two nutrients. Many studies have stated
that the antagonistic effect of nutrients usually occurs in divalent
cations. However, in several cases, the interaction between nitrogen
(NH,") and potassium (K*) has been confirmed to have an antagonistic
relationship [59]. Antagonistic relationships between nutrients can
significantly affect crop yields [60]. Therefore, it is suspected that the
low phenolic content due to the application of two nutrients may be
caused by the antagonistic effect of nutrients. However, this hypothesis
needs to be properly and comprehensively proven in further research.

This study also reveals a theoretical relationship between TPC and TFC
[Figure 3]. Pagassini et al. [45] explained that phenolic and flavonoid
compounds are present in the same biosynthetic pathway, namely the
shikimate pathway and phenylpropanoids. Besides polyphenol content
analysis, Four antioxidant analyses were conducted, which included two
assays for scavenging activities (DPPH and ABTS) and two assays for
reducing power capacities (FRAP and CUPRAC). Most interestingly, the
correlation value between TFC and the CUPRAC assay, which is relatively
strong, indicates a tremendous contribution of flavonoids as antioxidants
with reducing capacities of free radicals. Fundamentally, the CUPRAC
and FRAP assays aim to analyze the reducing capacity of antioxidants
through electron transfer mechanisms [61,62]. However, in this study,
the antioxidant activity based on the CUPRAC assay was more dominant
than the FRAP assay. Therefore, the polyphenol of C. xanthorrhiza
obtained from methanol extract has a reducing power antioxidant activity.
These results correspond to several antioxidant analyses, such as the
winged bean [61], Celosia cristata [8,11], Tea [63], Phaseolus lunatus,
and Canavalia ensiformis [64].

5. CONCLUSION

The pplication of both single and combined NPK fertilizers leads to a
significant increase in the polyphenol content and antioxidant capacity
of C. xanthorrhiza. The polyphenol content of C. xanthorrhiza
methanol extract has high antioxidant activity, especially with the
reduced power capacities.
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