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Abstract
Background and Objectives: Carbon dots are nanoscale materials primarily composed of carbon atoms. They can
be easily synthesized using carbon-rich precursors. In recent years, natural materials have increasingly been used
as precursors for the synthesis of carbon dots due to their abundance, low cost, and environmental friendliness.

The eastern region of Thailand is one of the major mangosteen cultivation areas in the country. Each year, a large
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amount of mangosteen peel waste is generated from consumption and food processing activities. Therefore, this
research aims to add value to this agricultural waste by utilizing mangosteen peel as a carbon source for the
synthesis of nitrogen-doped carbon dots. In this study, nitrogen-doped carbon dots with different nitrogen ratios
(MCN1 and MCN2) were synthesized from mangosteen peel using a hydrothermal method, with urea as the nitrogen
precursor. The structural characteristics, optical properties, and antioxidant activities of the synthesized
nanoparticles were systematically investigated and compared.

Methodology: Nitrogen-doped carbon dots derived from mangosteen peel with different nitrogen ratios (MCN1 and
MCN2) were synthesized using a hydrothermal method, with urea employed as the nitrogen source. The
characterization of both nanoparticles was carried out using various analytical techniques for example ATR-FTIR ,
Raman spectrometry, SEM-EDX, HR-TEM, zeta potential, UV-visible spectrophotometry and fluorescence
spectrophotometry. The antioxidant activities of MCN1 and MCN2 nanoparticles were evaluated using several
standard assays, including the DPPH radical scavenging assay, the ABTS radical cation decolorization assay, the
ferric reducing antioxidant power (FRAP) assay, and total phenolic content analysis.

Main Results: In this study, carbon dot particles were synthesized from mangosteen peel via a hydrothermal
method, with nitrogen atoms doped at different ratios (MCN1 and MCN2). The objective was to investigate the effect
of nitrogen content on the properties of the resulting carbon dots. Structural characteristics and physicochemical
properties of the prepared carbon dots were examined using spectroscopic techniques and related structural
characterization methods. The results revealed that increasing the nitrogen contentled to a higher number of defect
sites within the carbon structure. In addition, a higher nitrogen concentration influenced the surface charge
properties of the particles, resulting in a less negative surface charge compared with particles containing lower
nitrogen content. This alteration in surface charge directly affected the antioxidant activity. The antioxidant
evaluation demonstrated that MCN1 particles, which contained a lower nitrogen content than MCN2, exhibited
significantly higher antioxidant activity. These findings indicate that the structural features of carbon dots and the
nitrogen composition play a crucial role in determining their antioxidant performance.

Conclusions: In this study, nitrogen-doped carbon dot particles were successfully synthesized from mangosteen
peel via a hydrothermal method using different nitrogen doping ratios (MCN1 and MCN2). Structural
characterization of the synthesized carbon dots using spectroscopic techniques confirmed that a higher nitrogen
contentresulted in an increased number of structural defect sites. This structural modification also led to a decrease
in the negative surface charge of the particles. The change in surface charge was found to have a direct effect on

antioxidant activity. Notably, MCN1 particles, which contained a lower nitrogen content than MCN2, exhibited higher
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antioxidant activity. Therefore, it can be concluded that MCN1 carbon dots possess properties suitable for
applications in inhibiting oxidative reactions. Especially, MCN1 show strong potential for use in food packaging
materials that require antioxidant functionality to reduce oxidative reactions during food storage. Such materials
could contribute to extending the shelf life of food products, minimizing quality deterioration, and enhancing food
safety for consumers. Furthermore, this approach represents a promising strategy for valorizing agricultural waste,
such as mangosteen peel, by converting it into high-value functional materials with potential industrial and
environmental benefits.

Keywords: nitrogen doped carbon dots; antioxidant activity; urea; hydrothermal
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7.2 mﬁmmm‘(z]wﬁ;v”’)umégﬂﬁmmmﬂ’)ﬁlfaumw MCNs

¥ansnaaeamiaude 8.1 uAwirta MCN1 Laz MCN2 aonuidaduatinags 1 Saansudadans lurnndu
antui e fiemduna 1ui wasilinegen Taetlilaaisazans MCN1 uay MCN2 15unns 0-50 lalnsans
adliluansazans DPPH 1501m3 4 R0aans thansazanelivnlufidaidunan 30 wnil iensunaiinllse
m"]mi@mﬂﬁuumﬁmmﬂmmﬁ'u 517 W Tiians ¥NNNIMAGeLEn 3 A%E TN13ALIN %Scavenging LWAZANUITANAN

IC,, AMNUANTIINARBIN IA AIANNIT (2)

8. N1INARBLOYVTAINOUYATATZIE MCNs AdeinALA ABTS

NANANTAZANE ABTS (2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid ammonium salt): C,;H,,N.O.S,)

o

ANNLENTY 7 AadlnanF UFums 100 Radans nuansazans inungidauwesiainm (potassium persulfate: K,S,0,)
Ao 2.45 fadluans 15unms 50 Dadans Wadaef Uuansazanealuiifiaifungan 12-16 aTue anndy
vhansazanefisealdunidaans 50% luleniuaa 100% (ABTS2) anntiurinansazans ABTS ideandluieniues
UNARAN9DN 4 Wi luenIues 80% (ABTS3) Lﬁmm?ﬂu‘lﬁumﬁLﬂmxﬁ(l,m?ﬂuﬁﬂf? 30 117) mmaqu%‘rﬁ’ﬁu@%@
Baszae9aunIA MCNs M lATaananansazate MCNs A uidud 0.5 Hadniu/ladans luriindu Usanas 0-50
lulnsang Tuansazane ABTS3 inms 5 Hadans wanlshdnfuuazdulufidnidungn 40 und TPANIIAANAULEAS
ﬁuﬁﬁmmmqmgu 734 nm Auanulaanngunig (2) wazseanutluan %scavenging (Rajurkar & Hande, 2011)

9. N1IMARBLVEAIUELYABATZYE MCNS AdeinATlA Ferric Reducing Antioxidant Power (FRAP)

Iuaﬁuﬁﬁﬂﬁié’ﬁﬁmaﬁmzmqm%fﬁf’fﬂuwga%mmmwmﬂ MCNs sosmnailn FRAP lngdnuilasainisues
Kukongviriyapan wazande (Kukongviriyapan et al., 2007) Tnemsanansazae FRAP Tnaazane TPTZ (2,4,6-Tris(2-
pyridyl)-s-triazine (C,,H,,N,) Aa3idudu 1 Haaluans uay Ferric chloride (FeCl,) Avuidudu 4 HadTuans luasding
Tines Arudnd 0.3 Twans (pH 3.6) UsuiSunms 100 Nanans

‘wmm@qu%‘rﬁmfaw@%mmmwmm MCNs Tneinana13aza1e MCN1 4ay MCN2 pansidudu 1 Hadnin/
Hadans Usums 10 uay 30 lulasdns mua1du fuansazany FRAP U3unns 4.5 Hadans LL@zﬂmﬁqmmﬁ 37

aeATalTed Wk 20 Wi dAAINIIHANALLATIAIINENIAAY 593 nm ifFauauiunsNHNInT§IUTee FeSO,

10. N1VAABUGNEAIUEYYATATLUBIEUNIA MCNs Aaginaila Total Phenolic Content: TPC
TusnAseilinisdne lnesnulasisn1meassaIndaeed Yingngam wazAnse (Yingngam et al., 2014)
Tnenezanansazans Folin reagent 10% Tuinnduilsunns 500 Hadans wazarsazanalafnana1suaus (Na,Co,)
7.5% lulinaul3nams 500 Hadans N1IMAFUONEAIUEUYABATEYIN IAlALKANA197aEANY MCNT LAz MCN2
AAsdndi 0.5 waz 1 Jaansu/aaaans U3uns 100 waz 50 WIATART AMNATAL U Foin reagent 5 NaAART UAY
= - a aa , pRp A o - = =
ansavaelmaunAITUBILR 4 Haaans Uslundaldungn 30 Wi daAIN199ANARLAINIANINEIIARY 756 W1 TULNAT

= o a
L‘LE‘EI‘LIL‘V]F_I‘]_Iﬂ‘]_lﬂﬁ"]WN’]ﬁlﬁ‘ﬁ'quﬂﬂﬂﬂi‘ﬂuﬂ@@ﬂ
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Results

1. N13WgAUieNALnY8I8YN1A MCNs

NIANHANENLE TWIA LaznIINsTaredaTesaynia TnaldinatinqanssmiBiannseuuuudedriuay
azlasnge (HR-TEM) linanimaassssuanslu Figure 1a way 1b A1NN19ANHIA1N1A MCNs wudq@gmﬂﬁ”mm
ﬁmiﬂimmﬁq@ﬂ']mﬁmml,t,@:ﬁgﬂéwmﬁwmmu sauanalu Figure 1a* uaz 1b* TagayniA MCN1 Hauaneq
auN1A8E luga9 5.0 - 11.0 wrluiums ﬁmmmwmmm?:lawhﬁu 8.5 + 2.30 w1 TwiNAs uazayNIA MCN2 H1unnves
2uN1ABE T4 10 - 20 WA Tulums ﬁ"ummfagmml,faa"mvhﬁu 15 £ 3.95 W Tuums ﬁﬁlqﬁmmmﬁimaiﬂdﬁwmmm

-

MCN WLf’ngLiﬂLﬂumaﬁ\ﬁﬁu (Qi et al. 2023) 21N1A MCN1 Laz MCN2 Hszaz3unuNan (lattice spacing) Windu

0.21 U T1NAT WA 0.24 W TUINAT ANNANFL FUTUANHULIRNIZUBITEUILNAN (002) BRINIIWANANTLUBY (Sun
et al., 2006)

a)

a*) 40

P
s

Frequency (%)
,.,
=]

7 8 9 10 11
Particle size (nm)

b*)

404

Frequency (%)

12 14 16 18 20
Particle Size (nm)

Figure 1 (a and b) HR-TEM image and (a* and b*) particles size distribution of MCN1 and MCN2 respectively

N193LATITYiReAlsTNaUs17289816 luayNIA MCNT Lag MCN2 AQenATANITILATITHENALTNNAIIIY
(Energy Dispersive X-Ray Spectroscopy #78 EDX) wanql@fa Figure 2 WUty oy 1unanae9816 A1 fUAUTINIAN
TAsaas19ANTUaUAaR wanantdansanudytu1niaed O way N deluuasinnannaide ((NH,).CO) Aldidugans

A~ U 2/2

soinlunszuaunsdunsed dadunistiudulidiaunsadnlulnsiaudiglassarenesaynin MCNs 16 (Senel
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et al.,, 2019) afinusinnn lulnsiaunnylusoed9aas MCN1 uaz MCN2 HA1 7.19% Uaz 9.16% ANandy uanell

oA 2 o P v a & v e
wininlainFunaluinsauludunevaeanisdunmeidana il lulnsauinauluanssnedneseiuiu

a) |
Mangosteen peel
Element | Weight | Atomic
o
(%) (%)
C 56.72 64.04
O 16.22 13.75
1.00 200 3.00 - 400 5.00 6.00
c
b) MCN1 c) - MCN2
Element | Weight | Atomic Clement | Weight | Atomic
(%) (%) (%) (%)
C 74.71 79.17 C 66.98 72.38
o 16.84 13.39 | o (8] 22.31 18.10
o N 7.91 7.19 N 9.89 9.16
m N

Figure 2 EDX spectrum of (a) mangosteen peel, (b) MCN1 and (c) MCN2

' 1
=

N13ANHINY R FUIBI01NIA MCNT LAz MCN2 foeinafia FT-IR wandlass Figure 3 NLLAARUT
mmﬂ5@\1ﬁUﬂwzﬁ|“umeW\mﬁfu&m | St Auminazaau 3196 om Afldnensduusesiadunisdunnfiaun
fiuszansflansanda (O-H) uaziafis (N-H) (Murru et al., 2020; Chen et al., 2025) finfiudnmnizianizaasnis
FuLLUTRTALAZN1IFULLLN 29810 UA LI (out-of plane bending) Te4Wiay C-H ﬂaqﬂgﬁmmfﬁlu 2850
WAz 614 om’ AWAIFL (Chen et al,, 2025) N13dUTBIRUEE C=0, C=N UL C=C ﬂmﬂgﬁmwﬁlu 1560 — 1570 cm’
' (Rao et al., 2018) nM3duaesTUsE C-N ﬂﬂﬂ{]‘ﬁmmﬁlu 1415-1411 cm’' (Rao et al., 2018) nsdusesusE
C-0-C dsng) 7 1AL 1085 cm”! (Yang et al., 2014) LASTIFUILATAAY 614 om aenAdeTUN A0Sy
C-H  (Zhang et al., 2019) nMswuNsduTasiUay C=N waz C-N ilunsiududiamnsnideaznansasiulngiau
dnglaseainsnaspsuaunenls

aannsAnelasvaivaesenniademaiinsunuailalnsalall Aswanelu Figure 4 wudﬁ@wmm%\mm
ugnanalaseasananadLnI i ‘Emwmmmﬁ”mm’]mmﬁmmﬁiu 1573 cm’’ (WOL G ¥3RUnLUNTNY) uaz 1413 cm’’
(40U D viTaunLdaUNNTEY) ANAIAL LA G ¥TaunLLNIAY (graphene band) Lauanianinialanlamduaes

- 2 = - = = o = = = a A % \
ANTUBULLL Sp I@EW]V’]qﬁ‘uﬂuﬂﬂ’]?l@ﬂ\?m’]LLUUQ\?VﬂL‘M@ﬂNLL@xNﬂQWNLﬂuN@ﬂ sLuﬂ.lsz]LLﬂ']_l D “i7aLaUALUNNTR
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(defect band) teuandsniaifindaunniaslulnsaferesianafuesudinaliaznansespsuauiinislavsload
3 Yo ) = = a v ' P %
wuy sp® (Fawaz et al., 2023) uazlddnsndau I/, lunisuenielFununisiiadaunniaslulaseaiisansda

A
& dld % % o = d-ﬂld 1 1 % o 1 a k7 1 'Y 1 =
ANFUAUNHIANATSARNEALLN WY TunTtuniAl I/l A3 waninlATNaFAINAINNATALNNIAININ WATIAT I/le N

AreLansIindaunnsasian LHaNAITUIAT |/l 7899UA1A MCNT ez MCN2 WU31HA1 0.70 baz 0.76
ANNATGL

Transmittance (%)

C-N

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm 1)

Figure 3 FT-IR spectra of MCN1 and MCN2

G band
D band

G band

Intensity

D band

MCN2

T T T T T
2000 1800 1600 1400 1200 1000 800
Raman shift (cm'l)

Figure 4 Raman spectra of MCN1 and MCN2

lunsfnuidaanasninaeanisnszanefalugansazantuiwazdn e uslszquuiuia (zeta potential)
29981YN1ATBIANTLEUARN MCN1T uaz MCN2 liuanismasasdsuanslu Figure 5 aziiulddnannia MCN1 uaz

MCN2 #An zeta potential HAN -34.96 mV mV Uaz -32.33 mV ATNA1AL
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Apparent Zeta Potential (mV) Apparent Zeta Potential (mV)

Figure 5 Zeta potential of MCNs

2. NMIANHIANTATIUAIIEI01NIA MCNs

nsAnEanTRIEwatresaunIasematiagl-ddidaanlanatwinumms uandldas Figure 6 an9azans
MCNs 14 2 eunnafidimageuideagnielfuassmmauasliuamgessamusidvasendeadlognnsziudon
waaRANENIAAY 365 WluwAs  analnpiunisganauLaINLI 2 aynaiinisaAnALLAIgedaTiAaTY
g19nAU 224 Wliums aenpdesTuninufsussfundsnuniy T VBITEULABURNA sp” V84NUEYL C=C Tas
azl3u1An (Gedda et al.,, 2023; Chen et al., 2021) uanmn‘ﬁﬂ”qwumi@mﬂﬁuumﬁmwmm'r?:'u 246 U TulNRg
A0AARDINTI AT M UNATILIBIBLENATOULLIL N—TT* 109WDY C=0 uaz C=N (Wang et al., 2016; Praseetha
et al., 2024)

ANNIIANHANTRITILABIRYNA MCNs satmatiangeaisaausaiansalall wansds Figure 6a* uay
Bb* ‘wudf\Lﬁ@ﬁﬁmimzﬁummzmﬁ MCNs #281n2 HEN3ARY 340 - 400 11 TUMNAT A1AAIAENIARLTINNIIANEILAS
W@J@mimﬁnum‘ﬁﬁmwLﬁu@;qzﬁmﬁﬂ”lit,?v'@u”l,ﬂﬁqmmmfm?iu‘ﬁmn%u wenfunsanasesnududnynnadleiiin
mwmmﬁ'uﬂizﬁu meﬂﬁ&ﬁudﬁwmﬂﬁmmLL@mmmu‘“ﬁmiﬁmLLmﬁ%uﬁumwmfmﬁ'um:ﬁu (excitation-
dependent emission) (Mao et al., 2010) a1in1A MCN1 ﬁmmﬁmmﬁmmwmﬂgmLmvﬁum’@;mmﬁmmmmgu
470 W TuLNRAg Lﬁ@ﬁwmiﬂi:ﬁuﬁwLmﬁimwa’mﬁ'gu 380 wiTuinms Tuausd MCN2 fldnaanudaesdn oo
rlgeairaiTusgegadipausnanau 430 wiluuns iderinianazdudtauasiianiugianiu 350 wiluuns wansld
WiudnnnafifBunmeznensedulnaaululaseaifisnaiudenasielnsearedidnnseinduazssFundanuan
ANTUTHY (surface states) TBIANTLAUARN (Nguyen et al., 2022)

aMNNM3ANEIANIEANENINNIT9uANT89THIANA (quantum yield) 18981N1A MCN1 uaz MCN2 Tagld
AU FaLWA (quinine sulfate) Lﬂumammgm WU4181A1A MCN1 Lay MCN2 FA1U228nTNINN139719UA9UDY

THanawiniy 3.25% uaz 3.45% ATNANAL
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a)

b)

Absorbance

Absorbance

Absorption

—— Excitation

Em = 470 nm

Emission | Ex =380 nm

320 400
Wavelength (nm)

" |Ex=350nm  Em =430 nm

400 480

Wavelength (nm)

320

240

Fluorescence Intensity (a.u.)

Fluorescence Intensity (a.u.)

Q
*
~

b*)

Research Article

Fluorescence Intensity (a.u.)

[—3400m

— 350 nm

400 450

500 550

Wavelength ( nm)

600

Fluorescence Intensity (a.u.)

340 nm
350 nm

400 450

500 550

Wavelength (nm)

600

Figure 6 (a and b) UV and fluorescence spectra and (a* and b*) fluorescence emission spectra at excitation

wavelength 340-400 nm of MCN1 and MCN2 respectively

anNsAnEA pH wsnzanlunisiedyoyiamgeasamusaateyynia MCNs luansazaisinmess

pH Fie 7 Asuanalu Figure 7 WU4IANAMNENIARKIBINITANE LAl Tl A uud aadnides waneldifiudinng

wasuan pH lddanaraninddsussiundsanuaesdiiansauat N9l

° o

@Aty BEiNg

lafimumuduansdnyyu

Waaasarusiiua ua@wies pH 1naw wwliuaAinanetafinainnisqoide il sasavaasvaiaridu i wy

-COOH %78 -OH Uufiuii1es MCNs daualianuaudidnasauniiuioinauamin liponuduaesdyoyungesisa

P §
FIUANATGITL

Fluorescence Intensity (a.u.)

H

400 4

T T T T T T
450 500 550 600 650 700

Wavelength (nm)

Fluorescence Intensity (a.u.)

g

400 4

—pH3
——pH4

T
450

S0 550
‘Wavelength (nm)

T T
600 650

Figure 7 Effect of pH on the fluorescence properties of MCN1 and MCN2 in buffer solutions at different pH values:

(a) and (b) fluorescence emission spectra of MCN1 and MCN2, respectively at pH 3-10
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3. N1INARBUYNIAIUBUYADATLYIO1NIA MCNS

3.1 mfﬁm:mqwﬁrﬁfzuﬂwﬂﬁmmmwmﬂ MCNs siagiinaiin DPPH

miﬁﬂmqmaﬁrfé’f’mfa%@%m:&’ff;fﬁ“‘ﬁ DPPH 1 a1AunaUisenssudnseyyadaszaas DPPH (DPPH: %78
DPPH radical) fuanssituenyadasy lneg DPPH- azfuldsneuldudnsimefidu DPPH-H dsuanaly Scheme 1
denalidvasansazansasuanduitafudiviesaenadeaiunisanastesdnisanauLasinauenapau 517
unluims (Gedda et al., 2023) anuaniamaaasiu Figure 8 aziiulddnAniaganduuasaes DPPH SAnanaaiiie
Armiduduzes MCN1 uaz MCN2 iaiduann 0-50 lalnsans uaz 0-100 lailnsans mudy daadansvuan
ANANRUTIENINN %scavenging HUAMNTNT I8 IRYNA WA T AN Tudunsaiinanududuses MCNA

o

waz MCN2 §1A1 0-11.1 uaz 0-22.2 Tulasnfu/dadans muaidyu uazilAn IC, (inhibitory concentration) 784@1411A

MCN1 uaz MCN2 winriu 7.63 waz 14.74 lulasnfu/iadans muasy (IC,, 1e9nsauwaanasiniAviniu 1.19

Tulnsndi/diadans) azwiulddneaunia MCN1 Hgnalunisdueyyadaszgandiaynia MCN2 iesannilen IC,, 7

. . H

ANN3N

N-N NO, + R — N-N NO,
DPPH (Ox.) DPPH (Red.)
Purple Yellow

Scheme 1 DPPH reaction

0.40 0.40
MCNL MCN2
a) 0.35 b) 0.35
£ 030 E 030
S =
@ 025 E 0.25
g ®
g 020 g 020
Z g
£ 015 £ 015
2 2
< 0.10 é 0.10
0.054 0.05
0.00 T T T T T T T 0.00 T T T T T T T |
400 450 SO0 S50 600 650 700 750 800 400 450 500 550 600 650 700 750 800
Wavelength (nm) Wavelength (nm)
c)

v

Increased concentration of MCNs

Figure 8 (a, b) UV-vis spectra of DPPH exhibiting a concentration-dependent decrease in absorbance at 517 nm

and (c) visual color change of DPPH solution with increasing MCNs concentration
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3.2 MIANEINEAIUEYYATATZI8IO1UNIA MCNs AdenyIATiA ABTS
aa a - o o o a + =
nMsANEIANTRNIFuaYYABATTANEAT ABTS assay TnaanAunisgnindnaesayyadass ABTS: " 49l

ANLADNEIEY (Re et al., 1999) Tuiana ABTS azgneandlndaasaiseaniladiivunzan iy Inunadasilasdamnm

' - + 4 ¥ . ' '
Weaf1seyyadasy ABTS: ™ NRAITaauNNEI RudNuazin 99 ANALLAIEIqATIANINE1IARY 734 W TNAT a1yA

Q

v 1
Y o o A

BaszAInaNnaINInfusIannsauuIe lalasiauaInasfnueuyadaseld Avludanatsiuayyasasyadly
a170vane ABTS ¥ ansdueyyadaszazdnelaudifnnseuvdalisnaulldsayyadas: ABTS © danalfeyyndasy
Yananagriaaadnavluidu ABTS lupifliadasninuintuuazdzesansazateaniaaenadediun1sanadsesn
mi@mﬂﬁuumﬁmwmﬂﬁu 734 urlwuns sananaliy Scheme 2 mmmmmmm'ﬂmi@.mﬂﬁuumﬁmwmqm?{u

sananagdnsnian didusatediaauansalunissinuayadascaasansisanels
CH,

<CH3 {

N
_ N -0
(0] _<
(N S’/ g N:( Antioxidant material O\Sl ‘ S /N_
7 7 S 0 - & =N S 0
o) />—N ’ > S

’/S\, - O” \O_
N+ (O MR 0) <N
CH, CH;

Green Colorless

Scheme 2 ABTS reaction

e

a
=
i

MCN1 MCN2

Q
~
=2
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°
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=

=

=
el
w

e
-

e o
o b
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Absorbance (@734 nm

°
e
=

s
=

T T T T 0.0 T T T T T
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c)

Increased concentration of MCNs

Figure 9 (a, b) UV-vis spectra of ABTS exhibiting a concentration-dependent decrease in absorbance at 734 nm

and (c) visual color change of ABTS solution with increasing MCNs concentration
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3.3 miﬁnmqwﬁ}ﬁuﬂwﬂﬁmmmﬂymm MCNs saginaiin FRAP

ﬂ'1aﬁﬂmmuu“ﬁmaﬁm@%@%mxmm (Total antioxidant capacity) AMelnAlA FRAP Ve AANLAINNTD
w989 weyasasz unsIRa leaau Fe* ﬁ@fﬂumaﬂizﬂ@u Fe”-TPTZ Widuleasu Fe” luglansansdsznay
Fe-TPTZ nnifndfAtendsnanadungldannisasudsesansazanaaindmaliludsag senndesiy
mmi@mnﬁuumﬁLﬂ'uﬁuﬁmmmmﬁ'u 592 wlulums Tmﬂzﬂiﬁﬁu@w@@mmzﬁwﬁﬁﬁLﬂuﬁﬂﬁﬁ ammsau lUda
lonau Fe* Asuanslu Scheme 3 ﬁ"a‘&uﬂizam%mwmiﬁmwgaﬁmﬁqLLﬂiﬁummﬁumiLﬁuﬁmmm"m']i@, ANAU
waeTipaEa AL 592 i Tuams lunnssennuAn FRAP ALAUIDIANNNIMHINTIIULRIATATAE FeSO, Sl
A1981989 (Kukongviriyapan et al., 2007). AINANSANHINUL1A FRAP 299814011A MCN1 Uay MCN2 HAN 3.24 uag

1.13 mM Fe*'/1g MCNs.

=z
= |
N NN
@ oo i@
A \ Antioxidant \F 2»
—_—
~ / \' N 1
Y
N| N NN
~
NS
N |
| P Z
Fe**-TPTZ Fe?*-TPTZ

Blue/violet color

Scheme 3 FRAP reaction

3.4 msaArziiunuiueain (TPC)

n33AzULENALeA9 (Total Phenolic Content 13a TPC) 111357 14 lunsAnmgnalunisdueuya

o o

Basrrasansdaeteiuetnauniuang lesanaslseneuiuaalunguansiintihndrdnylunnsnidneyyagass

inunalnnisligidnaseuiselalasiau n1siimee TPC endudisensyudvansisznauiueaiusiaiaus Folin-
, y - . - .

Ciocalteu @qifluansdiviaunasalnuauaauinn-waalWisaims (phosphomolybdate—phosphotungstate complexes)

gailugnsuanszudnansaneaninauinm (phosphomolybdic acid) kaznsanaanieasn (phosphotungstic acid)

o

maldaninziilueng a1sdsznauiuasaziriiidusaaadzasa liaiaansay lidslanan Mo® GaldaadLay

NRAUN[U NAN1IAANAULAIRIAANAINNENIAAY 765 U TIHNAT Aaldnal

a a9

azilasulleglugieeslanau Mo™
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v 1%
=2 =
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Figure 10 Comparison of antioxidant activity of MCN1 and MCN2 evaluated by DPPH and ABTS radical

scavenging assays
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Table 1 Comparison of antioxidant activity of MCN1 and MCNZ2.

Sample DPPH ABTS FRAP value TPC Ref
(IC4y: ug/mL) (IC4,: ug/mL) (mM Fe*'/1g (mg GAE/1g MCD'’s)
MCD’s)

M-CDs' - - 1.8 - Shabbir et al., 2022

P-CQDs® - - 2.5 - Mirseyed et al.,
2024

NS-CDs’ 960 - - 211 Dechsri et al., 2025

cDs® 1000 = = 19.1 Wechakorn et al.,
2025

MCN?1 7.63 2.51 3.24 142.61

This work
MCN2 14.74 3.36 1.13 114.71

'M-CDs = Milk-derived carbon quantum dots; ’P-CQDs = Phosphorus-doped yeast cell wall carbon quantum dots;

°NS-CDs = Nitrogen and sulfur-doped citric acid and L-cysteine carbon dots; °CDs = Sugar-derived carbon dots.
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