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Introduction  

Kencur (Kaempferia galanga L.) belongs to the 

Zingiberaceae family and has a high economic value. One way to obtain 

high quality of kencur rhizome and its yield is by using the genotype. 

Kencur rhizome contains a variety of chemical compounds such as ethyl 

p-methoxycinnamate (EPMC), eucalyptol, carvone, pentadecane and 

metal cinnamate.1 EPMC compounds have many uses particularly as a 

cosmetics ingredient because they can protect the skin from sunlight and 

can be used as raw materials for perfumes. In addition, the compounds 

in kencur rhizome are widely used as natural remedies for digestive 

disorders, respiratory tract and as cosmetics raw materials.2  

The distribution of kencur in Indonesia is divided into 2 types based on 

the origin of accessions, namely highland accessions and lowland 

accessions. Altitude also influences the environmental factors affecting 

plant growth, especially temperature and light intensity.3 Light intensity 

according to the plant species’ needs can be classified into minimum, 

optimum and maximum.4 The use of shade is suitable to reduce the 

stress of high light intensity. Shade has an impact on kencur rhizome 

production, particularly on the amount of high-nutrient content.5 
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The best growth and highest yield of kencur can be obtained at 60% 

shade level.6 The response of plants to shaded conditions could reduce 

the intensity of light received by plants which can reduce nutrient uptake 

and photosynthesis. Chansakaow et al.7  found that in addition to plant 

growth, shade affects the content of phenolic compounds and 

antioxidants in Kaempferia parviflora. The synthesis of phenolic 

compounds is also affected by the presence of light in most plants.8  

In the cultivation of kencur, it is necessary to provide nutritional input 

with the right and optimal dose. Plants need 2 kinds of nutrients: macro 

and micro nutrients. According to Kavitha and Menon,9 a deficiency of 

sulfur and other secondary nutrients will reduce the yield and quality of 

the kencur plant.  

Cultivation of kencur plants by providing shade will reduce light 

intensity reception which results in a decrease in photosynthesis. Sulfur 

nutrients make up important metabolic molecules such as amino acids 

(methionine and cysteine) and secondary metabolites such as 

glucosinolates and sulfoflavonoids. Sulfur-containing amino acids are 

involved in the formation of chlorophyll and plant structure and are 

needed in protein synthesis. The purpose of this study was to study and 

determine the response of two accessions of kencur plant to the 

provision of shade and sulfur fertilizer in increasing yield and quality of 

kencur rhizome. 

 

Materials and Methods 

Research Design 

This research was carried out from December 2020 to June 2021 in the 

rainy season at the Jatikerto Agro Techno Park (ATP) of Brawijaya 

University in Jatikerto Village, Malang Regency with DMS latitude 

longitude coordinates of 8° 07' 33.8" North and 112° 31' 48.4" East. 

This research used a split-split-plot design consisting of 2 levels of main 

plots: N25 with 25% shade and N50 with 50% shade, 2 levels of 

subplots: BW (Banyuwangi accessions) and BL (Blitar accessions), 4 

levels of sub-subplots: S0 with 0 kg ha-1 MgSO4, S60 with 60 kg ha-1 
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Kencur can grow well in the lowlands or upper lands with loose soil which does not contain much 

air. The quality of  yield of kencur rhizome is determined by its maturity level. An addition of 
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MgSO4, S90 with 90 kg ha-1 MgSO4, and S120 with 120 kg ha-1 

MgSO4. There were 16 treatment combination units with 3 replications, 

and thus in total there were 48 treatment combination units. As each plot 

had 160 plants, the total plant population used was 7,680 plants. 

 

Yield Parameter Measurement 

The yield parameter was measured when plants reached six months by 

weighing fresh weight of kencur rhizome and measuring weight loss 

after harvest in every plot. The weight observations were carried out 

using a Denver Instrument AA-250 scale. The weight of kencur rhizome 

was then converted to ton/hectare to get the yield per hectare. 

 

Plant Growth Analysis 

Observation of plant growth analysis includes the calculation of crop 

growth rate (CGR) and net assimilation rate (NAR) values. CGR is the 

plant's ability to produce biomass per unit time, while NAR is the plant's 

ability to produce biomass per unit leaf area. CGR and NAR are 

calculated using the following formula:10   

 

𝐶𝐺𝑅 =
1

𝐺𝐴
𝑥

𝑊2 − 𝑊1

𝑇2 − 𝑇2
 

where GA is the spacing, W2 is the dry weight at the second observation, 

W1 is the dry weight at the first observation and T2 and T1 are the time 

periods of W2 and W1 observations; 

 

𝑁𝐴𝑅 =
𝑊2 − 𝑊1

𝑇2 − 𝑇2
𝑥

𝑙𝑛𝐿𝐴2 − 𝑙𝑛𝐿𝐴

𝐿𝐴2 − 𝐿𝐴2
 

where GA is the spacing, W2 is the dry weight at the second observation, 

W1 is the dry weight at the first observation, T2 and T1 are the time 

periods of W2 and W1 observations, LA1 and LA2 are leaf area at the 

first and second observations and ln is natural logarithm.  

 

Antioxidant Testing 

Antioxidant testing was carried out at the Plant Physiology Laboratory 

of Brawijaya University. The method used involved reducing free 

radicals using 0.5 mL DPPH (1,1-diphenyl-2-picrylhydrazyl) added to 

each of methanol extract and water (dry and wet) added with 2 mL of 

DPPH solution and vortexed for 2 minutes. The efficiency of free 

radicals was indicated by a color change of the solution from purple to 

yellow. Furthermore, in the last 5 minutes before 30 minutes of 

incubation, the absorbance was measured at a wavelength of 517 nm 

using a Bio-Rad SmartSpec 3000 UV/Vis Spectrophotometer. Free 

radical scavenging activity was calculated as the percentage of DPPH 

color reduction using the following equation:11 

 

 TAA (%) =
𝐴𝑜−𝐴𝑠

𝐴𝑜
𝑥 100% 

where Ao is the absorbance level of the blank solution (DPPH) at the 

start (t = 0 minutes), As is the absorbance of DPPH with antioxidants 

from plant samples at t = 30 minutes. 

 

Analysis of Ethyl P-Methoxycinnamate (EPMC) 

The EPMC test was carried out using gas chromatography mass 

spectophotometer (GC-MS) method at the Chemical Engineering 

Laboratory, State Polytechnic of Malang. Oil analysis was carried out 

using gas chromatography (GC) and mass spectroscopy (MS) to 

determine the compounds contained in the oil. The gas chromatography 

mass spectophotometer (GC-MS) used was the QP2010ULTRA type. 

The synthesis of p-methoxycinamyl p-methoxycinnamate started by 

isolating EPMC from kencur rhizome with 96% ethanol. The following 

steps were transforming EPMC into alcohol (PMS-OH), transforming 

EPMC to form cinnamic acid followed by reacting this acid with thionyl 

chloride to form acyl chloride, and the last step was reacting the two 

products of this transformation into p-methoxycinamyl 

pmethoxycinnamate ester.12 

 

Statistical Analysis 

Statistical analysis of the yield data was done through a one-way 

ANOVA with LSD at a 5% level using SPSS. The least significant 

difference (LSD) test at 5% level was carried out to determine 

differences in treatments on variables that have a significance value 

based on the F test.10  

 

Results and Discussion 

Effect of Shade and Sulfur Fertilizer on Net Assimilation Rate of Kencur 

Accession  

Table 1 shows that there is a significant difference in net assimilation 

rate on days 120-160 post planting (days after planting) in the shade 

treatment and the application of sulfur fertilizer. Shade condition of 

50% could produce a higher net assimilation rate than without shade. 

One factor that contributed to this was leaves as the main organ that 

function to absorb sunlight. Kencur grown at 50% shade had wide 

leaves to absorb more sunlight. According to Buntoro et al.13, an 

increase in leaf area value can increase the rate of assimilation, thus 

producing high dry weight. This finding is also supported by research 

on arrowroot (Maranta arundinacea L.) plants conducted by Supriyono 

et al.14 which found that the highest increase in the net assimilation rate 

occurred in plants grown at 51% shade, which was 0.011 gram.cm-2.day-

1, or higher than with no shade (45.64%). The second factor that affects 

the increase in the net assimilation rate is root growth. This is due to the 

function of roots in absorbing nutrients from the soil. One of essential 

nutrients that plays a role in photosynthesis is sulfur. According to 

Kopriva and Rennenberg15, the availability of sulfur nutrients regulates 

the efficiency of plant growth and accumulation of plant dry weight 

because there is a relationship between photosynthesis and the uptake 

of nitrogen and sulfur. The results of a study by Preeti et al.16 showed 

an increase in the net assimilation rate of 95.52% in the RH 749 

genotype with the addition of 20 kg/acre potassium fertilizer and 60 

kg/acre sulfur fertilizer compared to no sulfur fertilizer application. The 

increase in NAR was probably caused by more vegetative growth due 

to the addition of sulfur fertilizer. 

 

Effect of Shade and Sulfur Fertilizer on Crop Growth Rate of Kencur 

Accession  

Based on Table 2, the growth rate of kencur plants at 50% shade showed 

a higher response compared to those at 25% shade. This is because 

kencur plant is suitable for cultivation under the shade rather than in 

open conditions.5 The increase in the growth rate of kencur also 

occurred along with the addition of sulfur fertilizer. Sulfur nutrients 

play an important role for plants, which they use for growth and crop 

production. The results of research by Jamal et al.17 showed a positive 

correlation between leaf area index, plant growth rate and biomass 

production, and they will increase by increasing sulfur dose. 

 

Effect of Shading and Sulfur Fertilizer to Yield on Two Kencur 

Accessions 

As shown in Table 3, the yield of kencur shows an interaction between 

the three treatments. The highest rhizome weight was obtained at 50% 

shade and 90 kg ha-1 of sulfur applied to both accessions where the 

average yield per hectare was 26.15 t ha-1. The result of the 

determination of the optimal point of Blitar accession at 25% and 50% 

shades was 64.63 kg ha-1 of MgSO4 fertilizer, while that of Banyuwangi 

accession at 25% and 50% shades was 71.82 kg ha-1 of MgSO4 

fertilizer. The optimum growth and formation of kencur rhizomes was 

at 50% shade because the light intensity was not too high, causing 

evapotranspiration to run slowly, and water requirements for the 

rhizomes were fulfilled. Solar radiation as the main source of light for 

plants is one of the factors that affect the continuity of photosynthesis. 

According to Monteith18, solar radiation contains energy that can be 

used in the process of photosynthesis; therefore, plant production is 

always limited by the availability of the sun. Environmental changes 

that occur around cultivated plants may support the determination of 

high and low yield of each accession of kencur. This is in accordance 

with Finlay and Wilkinson’s19 finding which shows that varietal 

adaptation is determined by the interaction between genetic and 

environmental traits. Sulfur plays an important role in the synthesis of 

proteins and vitamins in plants. In addition, sulfur is a component of 

essential amino acids associated with nitrogen in metabolism. As a 

result, S increases the yield and quality of plants.20 The addition of 

sulfur fertilizer has also been proven to increase plant yield in the 
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research by Shah et al.21 A sulfur dose of 60 kg ha-1 was able to increase 

the yield of sesame crops by 31.24% when compared to no sulfur 

fertilizer application. 

 

Total Antioxidant Activity 

The relationship between sulfur fertilizer dosage and total antioxidant 

activity is presented in Figure 1 and Figure 2. Figure 1 shows that the 

relationship between the dose of sulfur fertilizer and total antioxidant 

activity in Banyuwangi accession at 25% shade obtained R2 = 0.8582 

with the equation 0.1198x + 39.345, while the Banyuwangi accession 

with 50% shade had an R2 value of 0.993 with the equation polynomial 

y = 0.0536x + 30.291. In this study, the chemical compounds analyzed 

for the content of kencur rhizome were total antioxidant activity. 

Kencur rhizome contains several active compounds. According to 

Hasanah et al.22, the results of the phytochemical screening of ethanol 

extract of kencur rhizome revealed the content of flavonoid compounds, 

polyphenols, tannins, quinones and sesquiterpenes.23 Flavonoid 

compounds and polyphenols are secondary metabolite compounds that 

act as antioxidants. Antioxidants derived from kencur rhizome are 

classified as natural antioxidants obtained from plant parts. 

 

Table 1. Effect of Shade and Sulfur Fertilizer on Kencur Accession Net Assimilation Rate 
 

Shading 
Net Assimilation Rate (g cm-2 day-1) at age- day 

0-60 60-120 120-160 

N25 0.00653 ns 0.00108 ns 0.000560 a 

N50 0.00735 ns 0.00119 ns 0.000628 b 

LSD (%) ns ns 0.0000648 

Accesion 0-60 60-120 120-160 

BW 0.00694 ns 0.00116 ns 0.000584 ns 

BL 0.00693 ns 0.00112 ns 0.000604 ns 

LSD (5%) ns ns ns 

Sulfur 0-60 60-120 120-160 

S0 0.00677 ns 0.00106 ns 0.000446 a 

S60 0.00710 ns 0.00118 ns 0.000474 a 

S90 0.00703 ns 0.00112 ns 0.000733 b 

S120 0.00685 ns 0.00119 ns 0.000722 b 

LSD (5%) ns ns 0.000197 

Description: Means followed by the same letter at the same column showed no significant difference based on LSD test at level 5%; ns: not significant 

based on LSD test at level 5%. N25: Shade 25%, N50: Shade 50%, BW : Banyuwangi accessions, BL: Blitar accessions, S0: 0 kg ha-1 MgSO4; S60: 

60 kg ha-1 MgSO4; S90: 90 kg ha-1 MgSO4; S120: 120 kg ha-1 MgSO4. 

 

Table 2: Effect of Shade and Sulfur Fertilizer on Kencur Accession Crop Growth Rate 
•  

Shade 
Crop Growth Rate (g cm-2 day-1) at age- day 

0-60 60-120 120-160 

N25 0.1387 a 0.2468 a 0.3565 a 

N50 0.1536 b 0.2860 b 0.4374 b 

LSD (5%) 0.0065 0.0228 0.0745 

Accession 0-60 60-120 120-160 

BW 0.1430 ns 0.2515 ns 0.3746 ns 

BL 0.1492 ns 0.2830 ns 0.4194 ns 

LSD (5%) ns ns ns 

Sulfur 0-60 60-120 120-160 

S0 0.1422 ns 0.2713 ns 0.2841 a 

S60 0.1493 ns 0.2616 ns 0.3241 a 

S90 0.1491 ns 0.2700 ns 0.5147 b 

S120 0.1441 ns 0.2662 ns 0.4650 b 

LSD (5%) ns ns 0.1031 

Description: Means followed by the same letter at the same column showed no significant difference based on LSD test at level 5%; ns: not significant 

based on LSD test at level 5%. N25: Shade 25%, N50: Shade 50%, BW : Banyuwangi accessions, BL: Blitar accessions, S0: 0 kg ha-1 MgSO4; S60: 

60 kg ha-1 MgSO4; S90: 90 kg ha-1 MgSO4; S120: 120 kg ha-1 MgSO4. 
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Figure 1: The Relationship between Sulfur Fertilizer Dosage 

and Total Antioxidant Activity (%) on the Rhizome of the 

Banyuwangi Accession Kencur Plant at 25% and 50% Shade.  
Description: TAA: Total Antioxidant Activity 

 

 
Figure 2: The Relationship between Sulfur Fertilizer Dosage 

and Total Antioxidant Activity (%) on the Rhizome of the Blitar 

Accession Kencur Plant at 25% and 50% Shade.  
 

Based on Figure 2, Blitar accessions at 25% shade and a dose of 120 kg 

ha-1 of sulfur fertilizer had the highest TAA percentage of 60.60%. This 

is in accordance with the research conducted by Hayati and Latifah24 

which found that the antioxidant activity of the ethanol extract of kencur 

rhizome using the DPPH method resulted in TAA levels with a 

percentage of 64.93%. This percentage of antioxidant activity indicates 

the ability of an antioxidant to inhibit free radicals. 

In Banyuwangi and Blitar accessions, increasing the dose of sulfur 

fertilizer could increase the percentage of TAA levels in kecur rhizomes 

grown at 25% and 50% shades. However, in both accessions the 

antioxidant content was higher at 25% shade than at 50% shade. 

Overall, this was particularly a valuable finding as shown by the 

increase in antioxidants due to the dose of sulfur fertilizer in both 

accessions at 25% shade and 50% shade. This finding is in accordance 

with the research of Ghasemzadeh et al.25 which found that shade levels 

from 20 to 40% with a light intensity of 60-80 can produce optimal 

antioxidant content. Other research results show that increasing the dose 

of fertilizer can also increase antioxidant levels in ginger rhizome.26 

High total antioxidant activity in plant rhizomes due to higher light 

intensity was also found in a study conducted by Ghasemzadeh  et al.27 

Antioxidants are secondary metabolites produced by most plants in the 

form of different compounds to protect plants from oxidative damage 

caused by UV-induced free radicals.28 

The results of the regression (Figure 2) showed that the effect of giving 

a dose of sulfur fertilizer on the percentage of TAA in Blitar accessions 

at 25% shade obtained an R2 value of 0.9861 with the polynomial 

equation y = -0.0004 x2 + 0.2583x + 35.674, while at 50% shade the R2 

value was 0.8619 and the linear equation y = 0.1726x + 31.395. Based 

on the results of this study, Blitar accessions at 25% shade and a dose 

of 120 kg ha-1 sulfur fertilizer had the highest TAA percentage of 

60.60%. 

In both accessions, this may indicate that increasing the dose of sulfur 

fertilizer can increase the percentage of TAA levels in kecur rhizomes 

grown at 25% and 50% shades. However, the antioxidant content was 

higher at 25% shade compared to that at 50% shade.  

 

Analysis of Ethyl P-Methoxycinnamate (EPMC) 

In addition to the percentage of TAA levels in the rhizomes, the levels 

of ethyl p-methoxycinnamate (EPMC) were also observed. Figure 3 

shows the relationship between the dose of sulfur fertilizer and the 

EPMC content of kencur rhizome of Banyuwangi accession at 25% 

shade with R2 of 0.99 and at 25% shade with R2 of 0.98. Adianingsih et 

al.29 also conducted research on bioactive content in rhizome organs in 

12 kencur accessions in East Java, and the main focus of this study was 

testing kencur for EPMC content. EPMC compounds are often used as 

research materials because they have benefits as one of the basic 

ingredients of cosmetics preparations, such as sunscreen.30  Plants 

produce secondary metabolites with various structures, functions, and 

contents. Kencur plants have a potential as medicinal plants because 

they have secondary metabolites resulting from the adaptation process 

of the plants to the environment or stress.31 Sunlight affects the 

production of secondary metabolites because plants use sunlight for 

photosynthesis. 

Higher EPMC content was found in kencur plants grown at higher shade 

level (50%) compared to those at lower shade level (25%) in both study 

sites. EPMC is a phenol derivative compound that has a role in the 

distinctive taste and aroma of kencur. The reason for the low total 

amount of EPMC at higher light exposure (25% shading) was probably 

because phenolic compounds were more abundant in the leaves than in 

the rhizome of the kencur plant.27 Figure 4 shows the relationship 

between the dose of sulfur fertilizer and the EPMC content of Blitar 

accession of kencur rhizome at 25% shade with R2 of 0.99 and at 50% 

shade with R2 of 0.97. 

 

Table 3: Effect of Shade and Sulfur Fertilizer on Kencur Accession Yield 
•  

Shading 
Yield (t/ha) 

S0 S60 S90 S120 

 BW Accession 

N25 10.91 a 12.30 abc 14.78 d 12.13 ab 

N50 20.37 ef 22.23 gh 25.73 i 21.93 fg 

 BL Accession 

N25 13.64 bcd 14.00 cd 19.75 e 12.27 abc 

N50 23.13 gh 26.33 i 26.57 i 23.79 h 

LSD (5%) 1.833 

Description: Means followed by the same letter at the same row and column showed no significant difference based on LSD test at level 5%. N25: 

Shade 25%, N50: Shade 50%, BW : Banyuwangi accessions, BL: Blitar accessions, S0: 0 kg ha-1 MgSO4; S60: 60 kg ha-1 MgSO4; S90: 90 kg ha-1 

MgSO4; S120: 120 kg ha-1 MgSO4. 
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Conclusion  

Shade condition of 50% in various accessions and sulfur fertilizer can 

increase growth and maintain weight loss of kencur rhizome during 

storage. Both accessions at 50% shade showed higher yields of 42.55% 

compared to those at 25% shade. The use of 90 kg ha-1 of sulfur fertilizer 

resulted in higher fresh weight of rhizomes and lower weight loss 

compared to other doses. The addition of sulfur fertilizer also affected 

the antioxidant content of ethyl p-methoxycinnamate (EPMC). An 

increase in the dose of sulfur fertilizer also led to higher antioxidant 

value. 
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Figure 3: Relationship between Dosage of Sulfur Fertilizer and 

Ethyl p-methoxycinnamate (EPMC) on Rhizome of Kencur 

Plant Accession Banyuwangi at 25% and 50% Shade 
Description: EPMC: Ethyl p-methoxycinnamate 

 

 
Figure 4: Relationship between Dosage of Sulfur Fertilizer and 

Ethyl p-methoxycinnamate (EPMC) on Rhizome of Kencur 

Plant Accession Blitar at 25% and 50% Shade 
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