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ABSTRACT 

Mekai leaf (Pycnarrhena tumefacta Miers) is used by the Dayaks tribe as a glutamic acid substitute to enhance the 

umami flavor of traditional foods. A dried mekai leaf is applied directly to the pan during cooking. Mekai contains 

glutamate, but its amino acids and other properties such as antioxidant capacity and phenolic-related substances have 

not been quantified. This study aims  to determine the moisture, ash, protein, polyphenolic, flavonoids, amino acid 

content, and the antioxidant capacity of Mekai, leaves were dried in the sun, gas, and electric ovens at various 

temperatures and times. The moisture content of dried Mekai leaves was 6.95-9.30% (w/w). The ash and protein contents 

of dried Mekai leaves were 4.22-5.47 % and 15.7-20.6 % (w/w), respectively. The optimal moisture and ash content 

conditions were obtained after 3.5 hours of electric oven drying at 60 °C. Different drying methods had no discernible 

effect on protein content; excepted for electric oven drying at 60 °C for 3.5 hours, which results in protein content of 

16.90.0 percent (w/w). Sundried Mekai had the lowest TPC value, whereas samples dried in an electric oven had a 

higher TPC value than samples dried in a gas oven. Both electric and gas oven drying at 60 °C for 2.5 hours resulted in 

significantly higher levels of flavonoids and antioxidant activity than other drying conditions in the same group. Mekai 

leaves were identified by the presence of arginine, glutamate, aspartic acids, and leucine. After sun drying, arginine, 

leucine, and isoleucine concentrations increased more than other amino acids. 
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1. INTRODUCTION 

Mekai leaf (Pycnarrhena tumefacta Miers) is local 

wisdom for the Dayaks tribe as a substitute for glutamic 

acid to increase the umami taste for traditional foods. 

However, the P. tumefacta plant is often identified as 

Albertisia papuana [1], while both plant species may be 

incompatible. Taxonomically, Mekai is more suited to P. 

tumefacta [2]. However, this confusion is not the scope 

of the current report. Usually, Mekai leaves being dried 

and applied directly during cooking [3, 4]. This unique 

culinary substance is rarely characterized by moisture, 

ash, protein, polyphenolic, and flavonoid contents. Also, 

the antioxidant capacity and amino acid contents of 

Mekai leaf are yet to be reported [2] (Saupi et al., 2020). 

Typically, animal-derived material and yeast obtain 

substances to increase umami taste [5, 6]. These unique 

properties of Mekai may open the application of derived 

extract to a niche market, i.e., the vegan community that 

has a stringent diet specification. Glutamate is a principal 

active substance to umami taste among the amino acids 

affecting the taste [7]. Recently, arginine was employed 

to modify food taste related to 6-n-Propylthiouracil 

(PROP) tasting that positively affects mood and eating 

behaviors [8]. Further, arginine reduces taste fatigue in 

several supplements [9]).  
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Regarding the preparation of dried Mekai, gas and 

electric drying can be utilized as the technologies are 

readily available in the market. Furthermore, the drying 

method may play a role in the active substance and amino 

acid contents of Mekai leaf, as indicated from research 

with other leaves [10,11]. Therefore, this research aims 

to characterize moisture, ash, protein, polyphenolic, 

flavonoids, amino acid contents, and the antioxidant 

capacity of Mekai leaves dried with sun exposure, gas, 

and electric oven at various temperatures and times. 

2. METHOD 

2.1. Materials and Tools 

The raw materials for mature and dark green Mekai 

leaves were obtained from local farmers in Barong 

Tongkok, West Kutai Regency. Chemicals used were 

Folin-Ciocaltea reagent (Merck, USA), ethanol absolute 

(Fulltime, China), Na2CO3 (Sigma-Aldrich, USA), 2,2-

diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich, 

USA), aqua dest (Faperta-Unmul, Indonesia), methanol 

(Fulltime, USA), NaOH (Merck, USA), tannic acid 

standard (Sigma-Aldrich, USA), gallic acid standard 

(Sigma-Aldrich, USA), NaNO2 (Sigma-Aldrich, USA), 

AlCl3 (Sigma-Aldrich, USA), and quercetin standard 

(Sigma-Aldrich, USA). The tools used in this research 

are analytical balance (ACIS, China), blender (Miyako), 

ultra sonicator (Delta D68H, China), hot plate (Faithful, 

type SH-24, China), centrifuge (Dragon-type LC-045, 

China), Spectrophotometer UV-VIS (Eppendorf, 

Germany), and Vortex (Faithful, China). 

2.2. Material Preparation 

Mekai leaves are sorted first by removing damaged 

leaves. Then, Mekai leaves are ready to be dried using 

three dryers, namely gas oven dryer, electric oven dryer, 

and dryer housing (control). First, drying was conducted 

in an oven (gas and electric) at a temperature of 50℃ and 

60℃. The drying time was 1.5 hours, 2.5 hours, and 3.5 

hours (Table 1). Next, Sun-drying was conducted in a 

drying house for three days with temperatures ranging 

from 27-35 ℃. Finally, the dried Mekai leaves are 

mashed using a blender and then sieved with an 80-mesh 

sieve. 

2.3. Analysis Method 

The analysis included water content, ash, protein 

[12], phenol analysis using the Folin-Ciocalteu method 

[13, 14]. In addition, flavonoids were measured by 

spectrophotometric method [15], antioxidant analysis 

using the DPPH method [16], amino acid analysis using 

the HPLC method [17]. 

2.3.1. Moisture, Ash, and Protein Contents 

Analysis 

Moisture, ash, and protein contents were analyzed with 

AOAC standardized method (AOAC, 2020). 

2.3.2. Phenolic Content Analysis 

Total phenolic analysis was performed 

spectrophotometrically using the Folin-Ciocalteu method 

(Mu'Nisa et al., 2012; Nurhayati et al., 2012), and gallic 

acid was used as a comparison (Sigma-Aldrich, USA). 

First, the total phenolic content in the extract was 

expressed in gallic acid equivalent (GAE). Next, the 

sample was weighed as much as 5 mg dissolved in a tube 

in 2 mL of 95% ethanol. Next, 5 mL of distilled water 

and 0.5 mL of Folin-Ciocalteau reagent (Sigma-Aldrich, 

USA) 50% (v/v) were added. The sample was left for 5 

minutes, and 5% (w/v) Na2CO3 (Sigma-Aldrich, USA) 

Tabel 1. Drying Parameters for Mekai leaves 

Code 
Drying Parameters 

Oven type Drying temp. (°C) Duration (hours) 

G11 Gas 50 2.5 

G12 Gas 50 3.5 

G20 Gas 60 1.5 

G21 Gas 60 2.5 

G22 Gas 60 3.5 

SD Sun Drying 35-50°C Approx. 6 hours 

E11 Electric 50 2.5 

E12 Electric 50 3.5 

E20 Electric 60 1.5 

E21 Electric 60 2.5 

E22 Electric 60 3.5 
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solution was added until the total volume reached 10 mL. 

Then the solution was homogenized in the dark for 1 

hour. After being homogeneous, the absorbance of the 

solution was measured at a wavelength of 752 nm. 

2.3.3. Flavonoids Content Analysis 

Total Flavonoids were carried out by weighing 1 mg 

of extract and then dissolving up to 10 mL with 95% 

ethanol (Kimia Farma, Indonesia). The extract that had 

been dissolved in ethanol was added with 0.7 mL of 

distilled water. Then 0.1 mL of 5% NaNO2 (Sigma 

Aldrich, USA) was added to the mixture. After 5 minutes, 

0.1 mL of 10% AlCl3 was added (Sigma Aldrich, USA). 

After 6 minutes, 0.5 mL of 1 M NaOH (Merck, USA). 

All ingredients were mixed evenly and then incubated for 

10 minutes. The absorbance was measured at a 

wavelength of 510 nm with a blank of 1 mL of sample 

replaced with 1 mL of 95% ethanol solvent. The results 

obtained were plotted against a standard catechin curve 

(Sigma Aldrich, USA) prepared in the same way. Total 

flavonoids are expressed as mg equivalent of catechins 

per g dry weight. 

2.3.4. Antioxidant Activity Analysis 

Total antioxidant was carried out using a 

spectrophotometric method with DPPH (2,2-diphenyl-1-

picrylhydrazyl) (Farhan et al., 2012). A total of 1 ml of 

the extract diluted in ethanol (Kimia Farma, Indonesia) 

was added to 1 mL of DPPH (0.15 mM in ethanol) 

(Sigma Aldrich, USA). At the same time, a control 

consisting of 1 mL DPPH with 1 mL ethanol was 

prepared. The reaction mixture was mixed well by hand 

and incubated at room temperature for 30 minutes in the 

dark. The absorbance was measured at 519±2 nm. 

Vitamin C (Sigma Aldrich, USA) was used as a positive 

control, and ethanol was used as a blank. The DPPH 

ability of the extract was calculated using the following 

equation: 

 

The control absorbance is the absorbance of DPPH + 

ethanol 

The absorbance of the sample is the absorbance of the 

DPPH radical + sample. 

The parameter to interpret the results of the DPPH test 

is the IC50 value. (Inhibitory Concentration). IC50 is the 

concentration of substrate or sample solution that can 

reduce DPPH activity by 50%. The smaller the IC50 

value, the higher the antioxidant activity. The IC50 value 

was obtained from the linear equation of the percent 

inhibition of DPPH radicals on several concentrations of 

sample extracts. The linear regression equation is y = ax 

+ b 

2.3.5. Amino acid analysis  

The amino acid analysis (AAA)  used 

orthophthalaldehyde (OPA) fluorescence standardized 

method from Unit Laboratorium Jasa Pengujian, 

Kalibrasi dan Sertifikasi Institut Pertanian Bogor 

procedure number IK.LP-04.7-LT-1.0 [17]. 

The conditions for HPLC (Shimadzu) were column 

Thermo Scientific ODS-2 Hypersil, buffer A and B gradient mobile 

phase flow rate at 1 mL/minute, detector Fluorescence 

(Shimadzu). Buffer A consisted of Na-acetate (pH 6,5;0,02 

%), Na-EDTA (0,005 %), methanol (9,00 %), tetrahydrofuran 

(THF) (1.50 %) dissolved in 1 liter of ultrapure water 

(Merck-Millipore). This buffer was filtered with 0.45 μm 

Millipore paper and was used within five days at room 

temperature (28±2°C), stored in dark bottles, and filled 

with He or Nitrogen gas. Buffer B: consists of 95% 

methanol and ultrapure water (Merck-Millipore). Filter 

with 0.45-micron Millipore paper. 

3. RESULTS AND DISCUSSION 

3.1. Moisture Content 

Moisture content is the leading indicator of the 

adequacy of the drying process of a functional food raw 

material. Moisture content due to drying by different 

methods generally ranges between 4.5 and 10% (w/w) 

[18, 19]. In this study, the moisture content values 

obtained from the three drying methods were between 

6.95±0.09 and 9.30±0.60% (w/w). When compared with 

drying using sunlight, different moisture content values 

were obtained from samples dried in a gas oven at 50 °C 

for 2.5 hours (G11), electric oven at 50 °C for 3.5 hours 

(E12), electric gas oven 60 °C for 2.5 hours (E21), and an 

electric oven at 60 °C for 3.5 hours (E22). The lowest 

moisture content value was obtained from drying Mekai 

leaves using an electric oven at 60 °C for 3.5 hours. In 

general, in addition to the electric gas oven treatment at 

60 °C for 2.5 hours (E21), the use of gas and electric 

ovens provided a lower moisture content value when 

compared to drying in the sun. Based on previous studies, 

sun drying is still widely practiced despite the high 

variability of moisture content in sun-drying [20]. 

However, mechanical dryers provide a more beneficial 

drying effect in terms of moisture content and better 

functional properties when compared to drying using 

sunlight  [21, 22, 23].   

(1) 

Advances in Biological Sciences Research, volume 17

151



  

4 

 

 

Figure 1. The moisture content of dried Mekai leaves 

from sun drying, gas, and electric ovens at various drying 

temperatures and durations.  

Values are presented in average ±standard deviation. 

Asterisk (*) indicated the respective value significantly 

different (p<0.05) in comparison to the sun-dried value.  

3.2. Ash Content 

Commonly, the ash content of a dried product will not 

be varied regardless of the drying method. Ash is a crude 

indicator for minerals, and its content will not be affected 

by drying [24]. However, slight variations of ash content 

may indicate the uneven spread of minerals in the 

samples [25]. These conditions are shown in Figure 2, 

except for samples dried with an electric oven at 60 °C 

for 3.5 hours (E22). The ash contents of dried Mekai 

leaves are not significantly different concerning the 

various drying methods tested. Several plants have 

phytoextraction properties that absorb minerals from 

surrounding and store them in plant parts. Therefore, 

Mekai may be regarded as a fair source of minerals, and 

the mineral content is relatively in the same amount as 

that in shoots [26]. In summary, drying methods did not 

affect ash content, except in some pre-drying treatment 

conditions. For example, applying acidic blanching 

before drying may leach out minerals from dried material 

[27].  

 

Figure 2. Ash content of dried Mekai leaves from sun 

drying, gas, and electric ovens at various drying 

temperatures and durations.  

Values are presented in average ±standard deviation. 

Asterisk (*) indicates the respective value significantly 

different (p<0.05) in comparison to the sun-dried value. 

3.3. Protein Content 

Protein content may be affected by drying due to heat-

prone properties, enzymatic degradation, and microbial 

metabolism that occurred during the drying process [28]. 

From all mechanical drying treatments compared to sun 

drying, the protein contents of Mekai leaves were not 

significantly different, except for samples dried with an 

electric oven at 60 °C for 3.5 hours (E22) (Figure 3). 

However, the Kjeldahl method is used as it only is based 

on the N-content. Therefore, the composition and quality 

of amino acids and peptides could not be observed with 

the Kjeldahl method [29, 30]. Further, the conversion 

factor is another issue. Therefore, finding the most 

suitable conversion factor representing Mekai leave is 

essential to measure the protein content [31]. We use 4.4 

as a conversion factor in this regard, as referenced from 

previous research [32, 33].  Protein content preservation 

is vital for maintaining the flavor of food material [34]. 

Oven drying may improve the conservation of protein 

content, as observed in Holothuria tubulosa dried 

product [35].  
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Figure 3. The protein content of dried Mekai leaves from 

sun drying, gas, and electric ovens at various drying 

temperatures and durations.  

Values are presented in average ±standard deviation. 

Asterisk (*) indicates the respective value significantly 

different (p<0.05) in comparison to the sun-dried value.  

3.4. Phenolic Substance 

The drying method affects total phenolic contents 

(TPC) preservation in dried Gynura pseudochina leaf 

[36]. Gas and electric ovens are used as alternatives to 

sun drying in this study. Sundried Mekai has the most 

negligible value of TPC, while samples dried with an 

electric oven are in the group of better TPC than samples 

dried with a gas oven (Figure 4). An electric oven may 

have less fluctuation of temperature. In recent research, 

freeze and microwave drying indicate potential 

improvement as a better drying method in preserving 

TPC [37]. Different drying methods preserve active 

substances and responsibly use energy, finding the most 

sustainable drying method for a specified raw material 

[38]. In this regard, TPC may act as a marker to an active 

substance that is valuable to be preserved during the 

drying stage. 

 

Figure 4. Phenolic content of dried Mekai leaves from 

sun drying, gas, and electric ovens at various drying 

temperatures and durations.  

Values are presented in average ±standard deviation. 

Asterisk (*) indicates the respective value significantly 

different (p<0.05) in comparison to the sun-dried value.  

3.5. Flavonoids 

Previous research observed that drying methods 

might significantly modify Moringa oleifera leaf's 

phytoconstituents, including phenolics and flavonoids. 

The study summarized preferable drying methods for 

Moringa oleifera leaf in consecutive manners, starting 

from freeze-drying, air drying, sun drying, and the latter, 

oven drying [39]. The flavonoid contents of Mekai leaves 

are varied with the combination of drying methods and 

conditions (Figure 5). The highest flavonoid content from 

electric oven drying was at 60 °C for 2.5 hours (E21). Gas 

oven drying showed a potential usage when it was set at 

60 °C for 2.5 hours (G21). However, the sun drying may 

not preserve phenolic content in comparison to several 

combinations, i.e., electric oven drying at 50 °C for 3.5 

hours (E12), electric oven drying at 60 °C for 2.5 hours 

(E21), electric oven drying at 60 °C for 3.5 hours (E22), 

gas oven drying at 60 °C for 2.5 hours (G21), and gas 

oven drying at 50 °C for 2.5 hours (G11). Thus, the 

method of drying may produce different results for 

different products. Direct sun exposure maintained 

higher flavonoid content than under the shade and oven 

methods in drying three vegetables, namely Corchorus 

olitorius, Amaranthus cruentus, and Beta vulgaris [40]. 

Oven drying emerged as a preferable method for coffee 

fruit, giving higher phenolic and flavonoid contents than 

1
8

.2
±3

.5
 

1
8

.0
±3

.0
 

1
8

.9
±3

.2
 

1
7

.9
±4

.6
 

1
9

.2
±5

.5
 

1
7

.1
±2

.3
 

2
0

.6
±6

.0
 

1
8

.2
±0

.0
 

1
5

.7
±0

.0
 

2
0

.1
±3

.2
 

1
6

.9
±0

.0
* 

0.0

6.0

12.0

18.0

24.0

30.0
G

1
1

G
1

2

G
2

0

G
2

1

G
2

2

SD E1
1

E1
2

E2
0

E2
1

E2
2

P
ro

te
in

 c
o

n
te

n
t 

(%
w

/w
)

Samples

9
1

.4
±3

.6
* 

8
5

.4
±3

.8
* 

7
9

.6
±1

0
.6

* 

5
5

.1
±5

.7
* 

9
6

.8
±2

0
.0

* 

3
5

.8
±2

.6
* 

1
6

5
.7

±1
2

.3
* 

1
7

5
.3

±1
0

.8
* 

1
6

6
.0

±4
.5

* 

1
4

4
.3

±4
.3

* 

2
9

2
.4

±1
5

.9
* 

0

60

120

180

240

300

360

420

G
1

1

G
1

2

G
2

0

G
2

1

G
2

2

SD E1
1

E1
2

E2
0

E2
1

E2
2

P
h

en
o

lic
 c

o
n

te
n

t 
(µ

g/
m

L)

Samples

Advances in Biological Sciences Research, volume 17

153



  

6 

 

shade drying at room temperature [41]. However, oven 

drying showed a detrimental effect on retaining phenolic 

and flavonoids content when drying at higher 

temperature (> 100 °C). Therefore, it is better to limit the 

oven drying temperature to not more than 100 °C as 

observed in a tea product [11]. 

 

Figure 5. Flavonoid content of dried Mekai leaves from 

sun drying, gas, and electric ovens at various drying 

temperatures and durations.  

Values are presented in average ±standard deviation. 

Asterisk (*) indicates the respective value significantly 

different (p<0.05) in comparison to the sun-dried value.  

3.6. Antioxidant Activity 

Antioxidant activity quantification can be deduced 

from the half-maximal inhibitory capacity when 

challenged by DPPH radicals. The IC50 value is inversely 

proportional to the sample's scavenging free radicals 

[42,43]. Regardless of the variability and its consistency, 

sun drying is still the most popular method cost-wise. 

Some applications may help reduce antioxidant capacity 

declines compared to mechanical drying [44]. Mekai 

leaves dried under sun exposure produced the fourth-best 

antioxidant activity. Combinations of drying temperature 

and time have created a significant difference in the 

antioxidant activity, with electric oven drying at 60°C for 

2.5 hours (E21), followed by electric oven drying at 50°C 

for 2.5 hours (E11). The best combination was obtained 

at 60 °C for 2.5 hours (Figure 6). The method of drying 

determines the antioxidant activity. For example, sun 

drying has the worst effect on retaining antioxidant 

activity in grape products than other drying methods [45].  

Compared to other drying methods, oven drying 

positively affects the radical scavenging activity for 

Camellia sinensis [11]. Further, the use of vacuum drying 

may better protect the oxygenation of oil-based 

antioxidants as presented in Thymus daenensis essential 

oil [46]. 

 

 
 

Figure 6. IC50 of antioxidant activity of dried Mekai 

leaves from sun drying, gas, and electric ovens at various 

drying temperatures and durations.  

Values are presented in average ±standard deviation. 

Asterisk (*) indicates the respective value significantly 

different (p<0.05) in comparison to the sun-dried value.  

3.7. Amino Acid Content 

Drying strategies determine protein stability in the 

dried products; therefore, it is crucial to find the most 

suitable conditions for each raw material [47]. For 

example, hot air drying or convectional mechanical 

drying is preferable for maintaining amino acids for 

coffee bean products [48]. Furthermore, each product has 

a unique profile of amino acids that become markers in 

the drying process. For example, arginine, glutamate, 

aspartic acids, and leucine are markers for Mekai leaves. 

After drying under the sun, the concentration of arginine, 

leucine, and isoleucine increased more than three folds. 

In contrast, the concentration of glutamate, aspartic 

acid, and other amino acids increased slightly higher than 

two folds (Figure 7). The drying may affect individual 

amino acid concentrations. For example, methionine and 

cystine are the two limiting amino acids during the drying 
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of Naga king chili [49]. Leucine, lysine, and isoleucine 

are amino acid markers in tomato drying [50]. 

4. CONCLUSION  

Moisture contents of dried Mekai leaves ranged from 

6.95±0.09 to 9.30±0.60% (w/w). Dried Mekai leaves had 

ash and protein contents of 4.22-5.47% and 15.7-20.6% 

(w/w), respectively. The best condition for moisture and 

ash contents were obtained from electric oven drying at 

60 °C for 3.5 hours. Various drying methods had no 

significant effect on protein content, excepted for electric 

oven drying at 60 °C for 3.5 hours, giving 16.9±0.0% 

(w/w). Sundried Mekai has the most negligible value of 

TPC, while samples dried with an electric oven generally 

have better TPC than samples dried with a gas oven. Both 

electric and gas oven drying at 60 °C for 2.5 hours 

produced higher flavonoids and antioxidant activities 

than other drying conditions in the same group. Arginine, 

glutamate, aspartic acids, and leucine are markers for 

Mekai leaves. After sun drying, the arginine, leucine, and 

isoleucine concentrations in Mekai leaves increased 

higher than concentrations of other amino acids. 
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