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บทคดัย่อ 
บวัเป็นพชืสมุนไพรที่นิยมใชอ้ย่างกวา้งขวางโดยเฉพาะเอเชยีซึ่งมสีารออกฤทธิท์างชวีภาพที่น่าสนใจและมคีุณสมบตัิ
สง่เสรมิสขุภาพ สารประกอบเหล่าน้ีไดแ้ก่สารตา้นอนุมลูอสิระทีเ่ป็นสารประกอบฟีนอลและฟลาโวนอยดส์ามารถจบักบั
อนุมูลอิสระและยบัยัง้กลไกที่ทําให้เกิดการควบคุมการเสี่อมสลายและโรคต่างๆ ในการศึกษาน้ีได้ทําการศึกษา
คุณสมบตักิารตา้นอนุมลูอสิระและการยบัยัง้กจิกรรมไทโรซเินสของสารสกดัจากสว่นต่างๆของบวัเพื่อเปรยีบเทยีบและ
การนําไปประยุกต์ใชท้างการแพทยต์่อไป ในการศกึษาไดส้กดัสว่นของเปลอืกบวั เน้ือบวั ฝกับวั และเมลด็บวั ทําการ
ตรวจวิเคราะห์คุณสมบตัิการรดีิวซ์เฟอรกิ/การต้านอนุมูลอิสระเพื่อใช้ในการศึกษาคุณสมบตัิการต้านอนุมูลอิสระ 
นอกจากน้ีไดต้รวจวเิคราะห์สารประกอบฟินอลกิ สารประกอบฟลาโวนอยด ์ทัง้หมดและสารประกอบแทนนินของสาร
สกดั ตรวจวเิคราะหก์จิกรรมการยบัยัง้ไทโรซเินสโดยมกีรดโคจกิเป็นสารควบคุมจากการศกึษาพฤษเคมขีองสารสกดั
แสดงวา่มสีารประกอบฟีนอลกิ ฟลาโวนอยด ์และแทนนิน สว่นสกดัต่างๆมคีุณสมบตัติา้นอนุมลูอสิระ อยา่งไรกด็เีมลด็
มคีุณสมบตักิารตา้นอนุมลูอสิระสงูสดุจากการวเิคราะหโ์ดยการรดีวิซเ์ฟอรกิ/การตา้นอนุมลูอสิระโดยมคี่ารดีวิซ์เฟอรกิ/
การต้านอนุมูลอสิระใกล้เคยีงกบัสารมาตรฐานกรดแอสครอบกิ คุณสมบตักิารรดีวิซ์เฟอรกิ/การต้านอนุมูลอสิระมคี่า
เพิม่ขึน้ตามปรมิาณสารสกดัที่สงูขึน้ สารประกอบฟีนอลกิทัง้หมด (61.43 ±1.52 มลิลกิรมั กรดแกลลกิ/กรมัสารสกดั) 
และสารประกอบฟลาโวนอยด์ทัง้หมด (3.34±0.65 มลิลกิรมั คลอซทินิ/กรมัสารสกดั) ของฝกับวัมปีรมิาณสูงกว่าสาร
สกดัจากสว่นอื่นไดแ้ก่เปลอืกเมลด็ เน้ือเมลด็และเมลด็ การศกึษาน้ีแสดงใหเ้หน็ว่าเมลด็และฝกับวัมคีุณสมบตักิารตา้น
อนุมลูอสิระและการกจิกรรมยบัยัง้ไทโรซเินสสงู ผลการศกึษาน้ีแสดงวา่สว่นประกอบดงักล่าวมศีกัยภาพในการสามารถ
ใชเ้ป็นสารตา้นอนุมลูอสิระและยบัยัง้ไทโรซเินสทีไ่ดจ้ากธรรมชาตไิด ้
 
คาํสาํคญั: บวั การตา้นอนุมลูอสิระ ไทโรซเินส 
 
Abstract 
Nelumbo nucifera is a well known and widely used herb, especially in Asia, which contains several 
remarkable bioactive constituents and possesses  health  promoting properties.  Antioxidant  compounds  like  
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phenols and flavonoids scavenge free radicals and thus inhibit the oxidative mechanisms that lead to control  
degenerative and other diseases. In this study, the antioxidant and tyrosinase-inhibition activities of extracts 
from different parts of N. nucifera were assessed in an effort to compare and validate the medicinal potential. 
N. nucifera pericarp, endosperm, torus and embryo were extracted. Ferric-reducing/antioxidant power (FRAP) 
assay was used to detect the antioxidant activity. Further, the total yield, total phenolic (TPC), total flavonoid 
contents (TFC) and tannins of all the fractions were determined. Tyrosinase enzyme inhibition was 
investigated with kojic acid as positive control. Phytochemical screening of crude extract revealed the 
presence of phenolics, flavonoids, and tannins. All the fractions exhibited antioxidant activities, however, 
embryo showing the highest antioxidant activity based on the results of FRAP assay tests. The above fraction 
has shown the significant FRAP when compared with standard ascorbic acid. The FRAP activities increased 
with increasing crude extract/fractions content. The TPC (61.43 ±1.52 mg GAE/g extract) and TFC (3.34±0.65 
mg QE/g extract) of torus were found significantly higher as compared to other parts for pericarp, endosperm 
and embryo. The present study showed that the embryo and torus exhibited strong antioxidant and 
tyrosinase-inhibition activities. These results suggest that these parts could be exploited as a potential source 
of natural antioxidant agents as well as tyrosinase inhibitors. 
 
Keywords: Nelumbo nucifera, antioxidan, tyrosinase 

 
Introduction 
Nelumbo nucifera, commonly known as N. 
nucifera  or sacred N. nucifera  is an aquatic 
perennial plant belonging to family 
Nelumbonaceae.1 N. nucifera is an important 
aquatic economic plant, not only as a dainty and 
ornamental flower but also as a source of herbal 
medicine with strong antipyretic, cooling, 
astringent, and demulcent properties. The seeds 
and leaves are also eaten.2 All parts of the N. 
nucifera  plant are used: the rhizome is used as 
food, seed as medicine, thalamus as fruit, leaves 
as plate (thali), stalks as pickle, petals for colour 
extraction, and tender leaves as food after being 
blended with vegetables.3 

Tyrosinase is catalytic enzyme in 
browning of fruits and vegetables due to catalysis 
of phenolic compounds oxidation to active 
quinones which lead to browning formation of 
polymeric pigments. These quinones may  

 

irreversibly react with amino or sulfhydryl groups 
of amino acid in proteins, lead to decrease 
essential amino acids and reduce proteins 
digestibility and their nutritive value. To prevent 
the browning and preserve the nutritional value of 
food, development of high effective tyrosinase 
inhibitors has great importance for the agricultural 
field and the food industry.4 Most of the inhibitors 
so far characterized are synthetic compounds or 
derived from higher plants.5 Among synthetic 
compounds, the specificity and mechanism of 
inhibition are very variable and characteristic of 
the chemical nature of the compounds.6 Some 
inhibitors affect both mono- and diphenolase 
activities of tyrosinase by chelating the active site 
of the enzyme. Since plants are a rich source of 
bioactive chemicals that are mostly no side 
effects, interest in finding tyrosinase inhibitors 
from natural sources is increasing.7,8 The effects 
of plant materials could result from isolated 
substances but typically derive from the synergy 
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of different bioactive compounds present in the 
plant.  

In the present study, the antibrowning 
activity in term of inhibit tyrosinase activity and 
antioxidant activity of extracts from embryo, torus, 
pericarp and endosperm of N. nucifera  was 
evaluated. 
 
Materials and Methods  

Chemicals and Samples 
N. nucifera  was purchased from Talat 

Tai local market, Pathom Thani province. 
Flavonoids (quercetin), phenolic acids (tannic acid 
and gallic acid) and ascorbic acid were all from 
Sigma Chemical Co. (St. Louis, MO). TPTZ 
(2,4,6-tripyridy-s-triazine) was purchased from 
Fluka Chemicals (Madrid, Spain). All other 
reagents were of analytical grade. 
 

Extraction of N. nucifera samples 
Five grams of each of the N. nucifera  

constituents, pericarp, endosperm, embryo and 
torus were cut into small pieces and homogenized 
with blender. The samples were extracted with 
75% methanol at room temperature for 12 h 
(repeated three times) and then was filtered 
through Whatman No. 1 filter paper (Whatman 
Internation Ltd., Maidstone, England). The residue 
was evaporated at 50ºC reduced pressure. 
 

Determination of total Phenolic 
contents 

The amount of total phenolics in extracts 
was determined with the Folin-Ciocalteu reagent. 
Gallic acid was used as a standard and the total 
phenolics were expressed as mg/g gallic acid 
equivalents (GAE). Concentration of 0.01, 0.02, 
0.03, 0.04 and 0.05 mg/mL of gallic acid were 
prepared in methanol. Concentration of 0.1 and 

1mg/mL of plant extract were also prepared in 
methanol and 0.5mL of each sample were 
introduced into test tubes and mixed with 2.5mL 
of a 10 fold dilute Folin-Ciocalteu reagent and 
2mL of 7.5% sodium carbonate. The tubes were 
covered with parafilm and allowed to stand for 30 
minutes at room temperature before the 
absorbance was read at 760 nm spectrometrically. 
All determinations were performed in triplicate. 
The Folin-Ciocalteu reagent being sensitive to 
reducing compounds including polyphenols is 
producing a blue color upon reaction which is 
measured spectrophotometrically.9 
 

Total flavonoid content 
The total flavonoid content was 

determined using a modified version of the 
method described by Zhishen et al.10 Each test 
sample (250 μL) and 1.25 mL of distilled water 
were added then 75 μL of 5% NaNO2, 150 μL of 
10% AlCl3 was added. After 6 min 0.5 mL of 1 M 
NaOH was added. The absorbance of the solution 
was measured against a blank at 510 nm using a 
spectrophotometer. 
 

Determination of tannin contents:  
Tannin content in each extract sample 

was determined using insoluble polyvinyl-
polypirrolidone (PVPP), which binds tannins as 
described by Makkar et al.11 One milliliter of 
extract dissolved in methanol (1 mg/mL), in which 
the total phenolics were determined, was mixed 
with 100 mg PVPP, vortexed, kept for 15 min at 
4°C and then centrifuged for 10 min at 3,000 rpm. 
In the clear supernatant the non-tannin phenolics 
were determined the same way as the total 
phenolics.9 Tannin content was calculated as a 
difference between total and non-tannin phenolic 
content. 
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Ferric – reducing / antioxidant power 

(FRAP) assay 
The antioxidant capacity was estimated 

according to the procedure described by Benzie 
and Strain12 with some modifications. The FRAP 
reagent contained 2.5 mL of a 10 mmol/L TPTZ 
(2,4,6-tripyridy-s-triazine)  solution in 40 mmol/L 
HCl plus 2.5 mL of 20 mmol/L FeCl3•6H2O and 25 
mL of 0.3 mol/L acetate buffer, pH 3.6. Nine 
hundred microliter of FRAP reagent, prepared  
freshly and warmed at 37 °C, was mixed with 90 
μL of distilled water and 30 μL of test sample, 
water, or methanol as appropriate for the reagent 
blank.  Readings at the absorption maximum (595 
nm) were taken using a Beckman DU-640 
spectrophotometer (Beckman Instruments Inc., 
Fullerton, CA). Temperature was maintained at 37 
°C and the reaction monitored for up to 30 min. 
Aqueous and methanolic solutions of known Fe(II) 
concentrations in the range of 100-2000 μmol/L 
(FeSO4•7H2O) were used for calibration.  
 

Assay for tyrosinase inhibitory activity 
Tyrosinase inhibitory activity was 

measured spectrophotometrically according to the 
method of Masamoto et al.13 with some 
modifications. Ten microliter of extract solution in 
DMSO was added to a 96-well microplate and 
mixed with 60 μL 50 mmol/L phosphate buffer 
(pH 6.8) on ice. Twenty microliter of 0.9 mg/mL L-
DOPA in phosphate buffer was added. Ten 
microliter of mushroom tyrosinase (500 U/mL in 
phosphate buffer) was added and the assay 
mixture was then incubated at 30ºC for 10 min. 
Following incubation, the amount of dopachrome 
production in the reaction mixture was determined 
spectrophotometrically at 450 nm in a microplate 
reader. Kojic acid (2.9–77 mmol/L) dissolved in 50 

mmol/L phosphate buffer was used as a positive 
control. The concentration for 50% inhibition (IC50) 
was determined.  Each measurement was 
performed at least in triplicate. 
 
Results and Discussions 

Total phenolics and tannins contents 
The total phenolic contents in the 

examined plant extracts using the Folin-
Ciocalteu’s reagent is expressed in terms of gallic 
acid equivalent. The values obtained for the 
concentration of total phenols are expressed as 
mg of GAE/g of extract (Table 1).The total 
phenolic contents in the examined extracts ranged 
from 11.66 ± 0.42 to 61.43 ± 1.52 mg GAE/g. The 
highest concentration of phenols was measured in 
torus extracts.  

The non-tannins contents was examined 
in plant extracts and expressed in terms of of 
quercetin equivalent. The highest concentration of 
non-tannins was measured 14.12 ±0.92 in torus 
extract (Table 1). 

Tannin contents of the extract from 
different part of N. nucifera are expressed in terms 
of mg GAE per liter, and shown in Table 1. In 1 
gram extract, 9.21-47.30 mg GAE of tannins were 
detected. The tannins contents were examined in 
N. nucifera  extracts using the Folin-Ciocalteu’s 
reagent is expressed in terms of gallic acid 
equivalent. The values obtained for the 
concentration of tannin contents are expressed as 
mg of GAE/g of extract. The highest concentration 
of tannins was measured 47.30 ±1.53 in torus 
extract (Table 1). 

Among the extracts, torus had the 
highest contents of phenolics and tannin, followed 
by   embryo, pericarp and endosperm. 
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Table 1 The total phenolic, total flavonoid, tannin 
and non-tannin contents (mg/g extract) present in 
N. nucifera constituents. 

Constituent Embryo 
(mg/g) 

Endo-
sperm 
(mg/g) 

Peri-
carp 

(mg/g) 

Torus
(mg/g) 

Phenolics  24.78 
±0.26a 

11.66 
±0.42b 

21.06 
±1.46c 

61.43
±1.52d 

Flavonoids  2.35 
±0.35a 

1.28 
±0.42b 

1.57 
±0.48b 

3.34
±0.65c 

Non-tannins  4.95 
±0.25 a 

2.45 
±0.36b 

5.074 
±0.26c 

14.12
±0.92d 

Tannins  19.82 
±1.27a 

9.21 
±0.68b 

15.99 
±1.86c 

47.30
±1.53d 

Mean values and standard deviations with 
different letters (a, b, c, d) in the same row 
indicate significant differences (P<0.05) among 
different N. nucifera constituents. 

 

Flavonoids  
The concentration of flavonoids in plant 

extracts of N. nucifera  was determined using 
spectrophotometric method with aluminum 
chloride. The content of flavonoids was expressed 
in terms of quercetin equivalent, mg of QE/g of 
extract (Table 1). Torus contains the highest 
flavonoid concentration as 3.34 ± 0.65 mg QE/g. 
The lowest flavonoid concentration was measured 
in endosperm extract of 1.28 ± 0.42 mg of QE/g.  

The flavonoids are secondary metabolites 
that may possess biological activity and have 
beneficial effects on human health as 
antimicrobial, anti-inflammatory, anti-cholesterole-
mic, antioxidant and anti-cancer agents.14-16 
Flavonoids are reported to possess strong free 
radical scavenging activities based on their ability 
to act as hydrogen or electron donors and chelate 
transition metals.17 Total flavonoid contents of N. 
nucifera were expressed as mg quercetin 
equivalents/L. The results, shown in Table 1, 
varied from 1.28 to 3.34 quercetin equivalents/L. 

Among constituents of N. nucifera , torus 
contained the highest amount of flavonoid content, 
followed by embryo, pericarp and endosperm. 
These results indicated that a higher flavonoid 
content was associated with a higher total 
phenolic content of the extract.  

The data showed a considerable 
variation in N. nucifera  content from different part 
of N. nucifera . Plant phenolics are a major class 
of bioactive constituents. It possesses the ideal 
chemistry for free radical scavenging activity due 
to the presence of high reactivity as hydrogen or 
electron donors and metal chelating activity. So 
the regular consumption of phenolics rich fruits 
and vegetables along with foods will inhibit 
carcinogenesis and mutagenesis in humans.18 

According to our results, these extracts 
from N. nucifera  contained significant amount of 
total phenolics that may increase antioxidant 
intake in human diet. 
 

FRAP assay 
FRAP was conducted on extracts of N. 

nucifera  fractions to investigate their antioxidant 
potentials. In this assay, reduction of ferric 
tripyridyl triazine (Fe3+-TPTZ) complex to ferrous 
form which has an intense blue colour can be 
monitored by measuring the change in absorption 
at 595 nm. Antioxidation effect of N. nucifera ’s 
embryo, endosperm, pericarp and torus extracts 
was measured by FRAP assay as shown in 
Figure 1. As concentration of extracts was 
increased, absorbance at 595 nm represented as 
FeCl2 concentration was generally increased. The 
highest FRAP was embryo extract while the 
lowest FRAP was endosperm. 

EC (50% inhibition concentration) of N. 
nucifera ’s extracts is summarized in Table 2 with 
vitamin C (typical anti-oxidation reference 
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ingredient). EC concentration of endosperm, 
pericarp, torus and embryo extracts showed 
443.41±12.63 mg/L, 316.27±9.25 mg/L, 232.64 
±7.34 mg/L and 144.75 ± 4.07 mg/L, respectively. 
This showed that embryo extract had higher anti-
oxidation power than the other extracts, while the 
torus extract had two folds lesser anti-oxidation 
power than that of embryo.  
 

 
Figure 1 Antioxidation effect of various 
concentration of N. nucifera ’s embryo, 
endosperm, pericarp and torus extracts measured 
by FRAP assay. 
 

Table 2 shows the EC values at 30 min 
of the N. nucifera  extracts. EC values and 
therefore ferric reducing ability, were lower at 
longer reaction times as expected from the kinetic 
behavior of the samples.  

 
Table 2 EC Values of extract at 30 min of reaction 
with the FRAP assay. 

Extract EC (mg/L) 
Endosperm 443.41±12.63a 
Pericarp 316.27±9.25b 
Torus 232.64 ±7.34c 
Embryo 144.75±4.07d 
Ascorbic acid  82.43±5.32e 

 

Mean values and standard deviations with 
different letters (a, b, c) in the same column 
indicate significant differences (P<0.05) among 
different N. nucifera constituents. 
EC concentration of extract having a ferric 
reducing ability equivalent to that of 1 mmol/L 
FeSO4•7H2O. Data are the mean values of three 
different determinations. 
 

FRAP assay is a generally used method 
for determining the antioxidant capacity19 due to 
not complication and cheap. The antioxidant 
capacity of extracts is measured by the ability of 
the antioxidants in these extracts to reduce ferric 
to ferrous iron of FRAP reagent. The reducing 
properties are usually associated with the 
reductones which are present in the extract and 
they donate electron to free radicals to form more 
stable compounds. Furthermore, reductones also 
react with certain precursors of peroxide, and 
reduce the oxidized intermediates produced from 
reaction of lipid peroxidation.20 

Extracts from four parts of N. nucifera  
were examined for their antioxidant potential by 
using FRAP assay (Table 2). The antioxidant 
potentials were of varying levels in all the extracts 
(EC value of 144.75±4.07-443.41±12.63 mg/L). 
The highest antioxidant potential was found in 
embryo extract (EC value of 144.75 ± 4.07 mg/L), 
followed by torus (EC value of 232.64 ±7.34 
mg/L), pericarp (EC value of 316.27±9.25 mg/L) 
and endosperm (EC value of 443.41±12.63 mg/L). 
Toh et al.21   reported the FRAP value of peel and 
pulp of different pomelo fruit varieties (0.51–1.01 
mmol Fe(II)/100 g FW) and showed lower 
antioxidant potential than those in this study. The 
embryo extract shows the highest antioxidant 
value. It might be the  embryo contains alkaloids 
that are not present in the other constituents of 
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lotus. The aporphine-type alkaloids, such as 
nuciferine, O-nornuciferine, N-nornuciferine, 
anonaine, roemerine, dehydronuciferine, and 
pronuciferine, and bisbenzylisoquinoline-type 
alkaloids, including liensinine, isoliensinine, and 
neferineare, predominantly accumulate in the 
embryo of the seeds. These alkaloids could inhibit 
lipogenesis.22 So, these alkaloid might be involved 
in antioxidant activity  
 

Tyrosinase inhibitory activity 
Anti-browning effect of N. nucifera ’s 

endosperm, pericarp, torus and embryo extracts 
was measured by tyrosinase inhibition assay 
(Table 3). Tyrosinase inhibition effect of all N. 
nucifera ’s extracts was lower than that of kojic 
acid (IC50 = 77.23 mg/L). IC50 of N. nucifera ’s 
embryo extract was 126.14 mg/L and IC50 values 
of endosperm, pericarp and torus extracts were 
2,246.82, 871.34, and 362.43 mg/L, respectively.  

Tyrosinase is a polyphenol oxidase with 
a dinuclear copper active site and is involved in 
enzymatic browning of fruits and vegetables. 
Over-activity of this enzyme leads to 
hyperpigmentation of fruits and vegetables. 
Chemical agents that demonstrated tyrosinase 
inhibitory activity have been used to suppress 
melanogenesis and can be clinically useful for the 
treatment of browning in fruits and vegetables. 
Kojic acid is one of the popular chemicals used in 
anti-browning agent but cytotoxic and mutagenic 
effects have been proved.23 

To avoid this problem, more attention has 
been paid to the use of plant-based natural 
products instead of chemical agents as anti-
tyrosinase substances. The tyrosinase inhibition 
activity of lotus composition are shown in Table 3. 
All the lotus composition revealed significant 
tyrosinase inhibitory activity of the concentration of 

2,500 mg/L ranged between 62.47±2.43% and 
88.43±2.26%. Embryo and torus extract showed 
slightly lower activity than the reference 
compound  kojic acid (91.24±3.16%). Tyrosinase 
inhibition activity of   lotus constituents was in the 
order of embryo>torus>pericarp> endosperm. 
 
Table 3 The percentage of inhibitory activity (% 
inhibition) of tyrosinase with N. nucifera  
composition extract. 
Concen-
tation 
(mg/L) 

Endo-
sperm 

Peri-
carp  

Torus Emb-
ryo 

Kojic 
acid 

10 16.36±
1.53a 

21.88±
1.52b 

27.25±
1.24c 

33.41±
1.76d 

37.22±
1.62e 

100 19.17±
1.74a 

35.44±
1.63b 

39.14±
2.25c 

48.09±
2.92d 

54.03±
2.73e 

500 38.05±
2.23a 

42.94±
2.41b 

54.98±
2.54c 

70.36±
2.53d 

73.42±
1.45c 

1,000 45.84±
2.27a 

59.02±
1.53b 

71.93±
2.62c 

79.82±
1.47d 

84.83±
2.24e 

2,500 62.47±
2.43a 

72.63±
1.46b 

79.43±
3.76c 

88.43±
2.26d 

91.24±
3.16e 

Mean values and standard deviations with 
different letters (a, b, c, d) in the same row 
indicate significant differences (P<0.05) among 
different N. nucifera constituents. 
 

Previously, tyrosinase inhibitory potential 
of flavonoids such as naringin, hesperidin and 
nobiletin from citrus fruits were reported.24-26 
Juices from C. hystrix and C.maxima (Red & 
White) fruits can be used as a preventive agent 
against enzymatic oxidation in food and living 
systems.  

 
Conclusions 
In the present study, samples from different parts 
of N. nucifera  demonstrated that they not only 
possesses antioxidant and radical scavenging 
activities but also exhibits inhibitory potential 
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against tyrosinase in vitro. Consequently, N. 
nucifera  constituents that are high contents in 
phenolics and flavonoids are suitable and 
promising for the development of safe food 
products, natural additives and anti-browning 
additives. Hence, it may be concluded that the 
antioxidant and inhibitory potentials against 
tyrosinase action of N. nucifera  constituents can 
be used for the future health food additives and 
anti-browning additives in food products. Further 
studies will be conducted on identification of 
bioactive compounds involved in antioxidant 
activity and tyrosinase inhibitoty activity and 
determination of their efficacy by in vivo studies.  
 
References 
1. Wang BS, Chang LW, Wua HC, Huang SL, 

Chu HL, Huang MH. Antioxidant and 
antityrosinase activity of aqueous extracts of 
green asparagus. Food Chem 2011; 127: 
141–146. 

2. Loizzo MR, Tundis R, Manichini F. Natural 
and synthetic tyrosinase inhibitors as 
antibrowning agents: an update. Compr Rev 
Food Sci Food Saf 2012; 11: 378–398. 

3. Ha YM, Uehara Y, Park D, Jeong HO, Park 
JY, Park YJ, Lee JY, Lee HJ, Song YM, 
Moon HR, Chung HY. Synthesis and 
preliminary in vitro biological evaluation of 5-
chloro-2- (substituted phenyl) benzo[d]thiazole 
derivatives designed as novel 
antimelanogenesis agents. Appl Biochem 
Biotechnol 2012; 168: 1416–1433. 

4. Oh M, Hamid MA, Ngadiran S, Seo Y, 
Sarmidi MR, Park CS. Ficus deltoidea (Mas 
cotek) extract exerted anti-melanogenic 
activity by preventing tyrosinase activity in 
vitro and by suppressing tyrosinase gene 

expression in B16F1 melanoma cells. Arch 
Dermatol Res 2011; 303: 161–170. 

5. Chan YY, Kim KH, Cheah SH. Inhibitory 
effects of Sargassum polycystum on 
tyrosinase activity and melanin formation in 
B16F10 murine melanoma cells. J 
Ethnopharmacol. 2011; 137: 1183–1188.  

6. Sheikh SA.  Ethno-medicinal uses and 
pharmacological activities of N. nucifera  
(Nelumbo nucifera). J. Med. Plants Stud 
2014; 2(6): 42–46.  

7. Dhanarasu S, Al-Hazimi A. Phytochemistry, 
Pharmacological and Therapeutic Applications 
of Nelumbo nucifera. AJPCR 2013; 1(2): 123–
36. 

8. Mandal RN, Bar R.  The Sacred N. nucifera  - 
An Incredible Wealth of Wetlands, 
Resonance, August 2013.  

9. Velioglu YS, Mazza G, Gao L, Oomah BD. 
Antioxidant activity and total phenolics in 
selected fruits, vegetables, and grain 
products. J Agr Food Chem 1998; 46: 4113–
7. 

10. Zhishen J, Mengcheng T, Jianming W. The 
determination of flavonoid contents in 
mulberry and their scavenging effects on 
superoxide radicals. Food Chem 1999; 64: 
555–9. 

11. Makkar HPS, Bluemmel M, Borowy NK, 
Becker K. Gravimetric determination of 
tannins and their correlations with chemical 
and protein precipitation methods. J Sci Food 
Agr 1993; 61: 161–5. 

12. Benzie IFF, Strain JJ. The ferric reducing 
ability of plasma (FRAP) as a measure of 
“antioxidant power”: the FRAP assay. Anal 
Chem 1996; 239: 70–6. 

13. Masamoto Y, Ando H, Murata Y, Shimoishi Y, 
Tada M, Takahata K. Mushroom tyrosinase 



การประชุมวิชาการ “มหาวิทยาลัยมหาสารคามวิจัย ครั้งที่ 12”
The 12th Mahasarakham University Research Conference350 MRC#12  

 

 

inhibitory activity of esculetin isolated from 
seeds of Euphorbia lathyris L. Biosci 
Biotechnol Biochem 2003; 67: 631–4. 

14. Vanamala J, Reddivari L, Yoo KS, Pike LM, 
Patil BS. Variation in the content of bioactive 
flavonoid in different brand of orange and 
greapefruit. J Food Compost Anal 2006; 19: 
157–66. 

15. Huang YS, Ho SC. Polymethoxy flavones are 
responsible for the anti-inflammatory activity 
of citrus fruit peel. Food Chem 2010; 119: 
868–73. 

16. Chanet A, Milenkovic D, Manach C, Mazur A, 
Morand C. Citrus flavanones: what is their 
role in cardiovascular protection?  J Agr Food 
Chem 2012; 60: 8809–22. 

17. Le K, Chiu F, Ng K. Identification and 
quantification of antioxidantsin Fructus lycii, 
Food Chem 2007; 105: 353–63. 

18. Sun L, Zhang J, Lu X, Zhang L, Zhang Y. 
Evaluation to the antioxidant activity of total 
flavonoids extract from persimmon (Diospyros 
kaki L.) leaves. Food Chem Toxicol 2011; 49: 
2689–96. 

19. Pulido R, Bravo L, Saura-Calixto F. 
Antioxidant activity of dietary polyphenols as 
determined by a modified ferric 
reducing/antioxidant power assay. J Agr Food 
Chem 2000; 48: 3396–402. 

20. Thitilertdecha N, Teerawutgulrag A, 
Rakariyatham N. Antioxidant and antibacterial 
activities of Nephelium lappaceum L. 
extracts.  LWT-Food Sci Technol 2008; 41: 
2029–35. 

 
21. Toh JJ, Khoo HE, Azrina A. Comparison of 

antioxidant properties of pomelo [Citrus 
Grandis (L) Osbeck] varieties. Int Food Res J 
2013; 20 (4): 1661–8. 

22. Ma C, Li G, He Y, Xu B, Mi X, Wang  H, 
Wang Z. Pronuciferine and nuciferine inhibit 
lipogenesis in 3T3-L1 adipocytes by activating 
the AMPK signaling pathway. Life Sci 2015; 
136: 120–5. 

23. Wang KH, Lin RD, Hsu FL, Huang YH, 
Chang, HC, Huang CY, Lee MH. Cosmetic 
applications of selected traditional Chinese 
herbal medicines, J Ethnopharmacol 2006;  
106: 353–9. 

24. Itoh K, Hirata N, Masuda M, Naruto S, Murata 
K, Wakabayashi K, Matsuda H. Inhibitory 
effects of Citrus hassaku extract and its 
flavanone glycosides on melanogenesis. Biol 
Pharm Bull 2009; 32: 410–5. 

25. Sasaki K, Yoshizaki F. Nobiletin as a 
tyrosinase inhibitor from the peel of citrus 
fruits. Biol Pharm Bull 2002; 25: 806–8.  

26. Zhang C, Lu Y, Tao L, Tao X, Su X, Wei D. 
Tyrosinase inhibitory effects and inhibition 
mechanisms of nobiletin and hesperidin from 
citrus peel crude extracts.  J Enzyme Inhib 
Med Chem 2007; 22: 83–90. 

 
 


