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Abstract

Carbon dots with less than 10 nm sizes have been
emerged as a fascinating tool in many areas with
their non-toxic, biocompatible, water-soluble and
easy synthesis merits. Bioimaging, biosensing,
photocatalysis, drug delivery etc. are some
applications of luminescent carbon dots. Carbon
dots may be synthesized from any carbon sources
including foods, food wastes, plants, chemicals,
graphene etc. via top-down or bottom up
methods. However, carbon dots can naturally be
extracted from some foods, natural products such
as honey, caramels and sugar beet molasses. In
this paper, we tried to focus on synthesis and
applications of carbon dots derived from food or
natural products.

Keywords: Carbon Dots, Natural Products,
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Ozet

10 nm’den kii¢iik boyutlara sahip karbon noktalar
toksik olmayan, biyouyumlu, suda ¢oziiniir ve
kolay sentezlenebilme avantajlartyla birgok
alanda biyiileyici bir ara¢ olarak ortaya
cikmiglardir. Biyogoriintilleme, biyoalgilama,
fotokataliz, ilag salimi vs. liiminesans karbon
noktalarin  bazi uygulama alanlarindandir.
Karbon noktalar; gidalar, gida atiklar, bitkiler,
kimyasallar, grafen gibi herhangi bir karbon
kaynagindan yukaridan asagiya ya da asagidan
yukarty metotlariyla sentezlenebilirler. Bununla
birlikte, karbon noktalar bazi gidalar, bal,
karamel ve seker pancar1 ya da seker kamisi
melasindan dogal olarak ekstrakte edilebilirler.
Bu makalede, gida ya da dogal iiriinlerden elde
edilen karbon noktalarin sentezi ve uygulama
alanlarina odaklanmaya ¢alisilmistir.

Anahtar Kelimeler: Karbon Noktalar, Dogal
Uriinler, Gida; Sentez, Uygulama.

1. INTRODUCTION

Carbon dots are fluorescent carbon nanomaterials
that have sizes below 10 nm (Zhang &Yu, 2016).
Since discovery of carbon dots, incidentally in
2004 by Xu et al., many studies showed
outstanding properties of carbon dots compared to
metal quantum dots. Some of these unique merits
of carbon dots are easy and green synthesis, low
toxicity, excellent  biocompatibility, good
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photostability, good water solubility and low cost
(Zhao et al, 2015; Zhang &Yu, 2016; Mandani et
al., 2017). By considering these advantages,
increasing trends of applications in imaging,
sensing, photocatalysis, drug delivery, solar cells,
light emitting diodes etc. are not surprising (Wen
etal., 2015; Wang et al., 2017b, Dinc et al., 2017).
Carbon dots contain sp?/sp® carbon and oxygen
containing groups such as carboxylic, carbonyl,
hydroxyl groups etc. (Zhu et al., 2015). In addition,
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carbon dots derived from raw materials, having
nitrogen involve nitrogen-based groups (Dinc
et.al, 2017). The structure of carbon dots gives
distinct optical properties (Zheng et al., 2015). The
emission character of carbon dots changes with
their size because of quantum confinement effects
(Baker &Baker, 2010). As the size of carbon dots
decreases, the emission colour shifts to the blue
region. In other words, small carbon dots emit blue
light; contrary big carbon dots emit yellow, green
or red light depending on their size (Durmusoglu,
2017). Heteroatom doping, or surface passivation
give better optical properties to carbon dots (Xu et
al., 2016).

Any carbon source can be used to synthesize
carbon dots, including food, plant, candle soot,
waste, coal, chemicals etc. (Hu et al., 2016; Himaja
et al., 2014). However, carbon dots can naturally
be extracted from some food, food waste (Dinc,
2016). Fundamentally, synthesis methods of
carbon dots are classified into top-down and
bottom- up methods. In top-down methods, large
carbon structure such as carbon nanotube, graphite
etc. are broken down to carbon dots. Arc-
discharge, laser- ablation and electrochemical
synthesis methods are defined as top-down
methods (Baker &Baker, 2010). In contrast to top-
down methods, bottom- up approaches are
generally described that carbon dots are formed
from molecular precursors. Hydrothermal
method, microwave —assisted method, combustion
or thermal routes, supported routes are the
examples of bottom-up methods (Baker &Baker,
2010).

This mini review summarized the studies about
carbon dots derived from natural or food sources.
In this article, we tried to focus on the presence /
synthesis methods of carbon dots from natural or
food sources as well as their applications.

2. PRESENCE OF CARBON DOTS IN
NATURAL / FOOD SOURCES

So far, carbon dots have naturally found / extracted
in various foods that are bread, caramel, baked
lamp, nescafe (Jiang et al., 2014; Sk et al., 2012;
Wang et al, 2017a). Heating is mostly used to
prepare these mentioned foods. Carbon dots can be
formed during heating process (Sk et al., 2012). In
the study by Wang et al.(2017a), blue-emitting
carbon dots were extracted from lamb baked at
250°C for 30 minutes Li et al. (2018) investigated
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carbon dots derived from Maillard reaction.
Maillard reaction is known as non- enzymatic
browning reaction, formed between reducing
sugar and free amino groups (Yildiz et al., 2010).
Maillard reaction forms in bread, caramel, baked
lamp during heating process (Yildiz et al., 2010).
In the study by Li et al. (2018), glucose and lysine
were used and heated at 180 °C for 10 hour.
Synthesized carbon dots from Maillard reaction
gave blue fluorescent under ultraviolet light. The
work by Sk et al. (2012) showed food carbon dots
formed at high temperature are smaller than those
at low temperature. Interestingly, in the study by
Mandani et al. (2017) carbon dots have found in
raw honey to which heating is not applied.
Mandani et al. (2017) reported generation of
carbon dots during honey formation by bee.

Ding (2016) showed presence of blue-emitting
carbon dots extracted with water from sugar beet
molasses by-product of sugar beet refining
process. Presence of carbon dots in sugar beet
molasses may be attributed to heat process applied
during sugar production like in foods.

3. SYNTHESIS OF CARBON DOTS USING
NATURAL / FOOD SOURCES

Carbon dots have been synthesized from variable
food and natural sources generally using heating in
domestic microwave oven and hydrothermal
heating. Carbon dots are generated via pyrolysis or
carbonization of molecular precursors under high
temperature (Zuo et al., 2015). Optical properties
of carbon dots change with heating temperature,
time, carbon precursors and solvent.

Carbon dots were synthesized from various natural
sources including orange juice, lemon juice,
papaya powder, orange peel, pollen and sugar cane
molasses etc. using hydrothermal routes (Sahu et
al., 2012; Hoan et al., 2017; Wang et al., 2016;
Prasannan &Imae, 2013; Wang et al., 2015; Huang
etal., 2017). Teflon —lined stainless steel autoclave
is used in hydrothermal method with the
temperature above 150 °C and time period varying
from 4 hto 12 h. Commonly, water or ethanol are
used as solvent. The colour of solution containing
source and solvent change from colourless to
brown —dark brown colour with hydrothermal
heating.

Carbon dots from yogurt, honey was synthesized
via microwave heating (Dinc et al, 2017; Wu et al.,
2013). Carbon dots have been synthesized via
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microwave heating at shorter times compared to
hydrothermal heating. Domestic microwave oven
is generally used at different wattage levels such
as 500 W, 800W etc. and with less than one hour.
Water / ethanol mixture and water are used as
solvent. Brown solution is obtained with
microwave heating similar to that of hydrothermal
heating.

Apart from these, De and Karak (2013) reported
the synthesis of carbon dots from banana juice via
heating 150°C for 4 h and Baruah et al. (2014)
showed the synthesis of carbon dots from Assam
tea via heating at 200°C for 10 h totally.
Furthermore, centrifugation, dialysis, filtration,
silica gel column is used to purify carbon dots
(Baker &Baker, 2010; Gude et al., 2016).

4. APPLICATIONS OF CARBON DOTS
DERIVED FROM NATURAL / FOOD
SOURCES

Recently, utilization of carbon dots in many areas
including bioimaging (Dinc et al., 2017; Yang et
al., 2014; Kasibabu et al., 2015), sensing (Yu et al.,
2015; Zhu et al., 2013), patterning and coding (Zhu
et al., 2013) catalysis (Hutton et al., 2017) have
drawn considerable attraction. Some applications
of carbon dots in bioimaging, sensing and catalysis
are presented as follow:

Biocompatible carbon dots synthesized from
yogurt via microwave synthesis successfully used
in imaging of colon epithelial cells. Toxicological
assessment of yogurt carbon dots showed no toxic
effects on healthy CoN cells and MCF-7 breast
cancer cells up to 7.1 mg/mL carbon dot
concentration (Dinc et al., 2017).

Fluorescent carbon dots synthesized from
pomegranate fruits using hydrothermal method
were used in bioimaging of Pseudomonas
aeruginosa and Fusarium avenaceum (Kasibabu
etal., 2015).

Haber et al. (2016) produced carbon dots from
citric acid and glucosamine using domestic
pressure cooker. Resulting carbon dots with bright,
stable and wavelength-dependent fluorescence
were utilized in imaging of mice embryonic
fibroblast cells with almost no cytotoxic effect up
to 0.667 mg/mL carbon dot concentrations (Laber
etal., 2016).

Atchudan et al. (2017) reported a utilization of
nitrogen-doped carbon dots from Chionanthus
retusus fruit extract as a biological probe for
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investigation of Candida albicans and
Cryptococcus neoformans strains in fluorescent
microscope. Orange juice was used as a natural
precursor in synthesis of carbon nanoparticles by
Sahu et al. (2012). Strong fluorescent carbon dots
showed no cytotoxicity on osteosarcoma MG-63
cells and were efficiently taken up by these cells.

Carbon dots originated from honey exhibited
successful performance in sensitive and selective
detection of Fe3* (Yang et al., 2014). Yu et al.
(2015) described the green, low-cost, water-
soluble fluorescent carbon dots preparation of
carbon dots from Jinhua bergamot via
hydrothermal method. The prepared carbon dots
were successfully used in detection of Hg?* and
Fe* (Yuetal., 2015).

Dinc (2016), extracted carbon dots from sugar beet
molasses without using any additional process.
Extracted carbon dots exhibited strong blue
fluorescence under UV light. These carbon dots
were used as a sensing probe for detection of
riboflavin and tetracycline.

Wang et al. (2016) reported a simple-one step
hydrothermal green approach to prepare carbon
dots from papaya powder. As prepared carbon dots
were used as a potential probe for fluorescence
sensing of E. coli O157:H7.

Carbon dots synthesized from chitosan and
functionalized with sodium fluoride can
selectively detect retinoic acid (Majumdar et al.,
2018).

Carbon dots prepared by pyrolysis of leaves (palm,
bamboo, camphor, ginkgo etc.) were used as a
fluorescent sensing platform for Fe** detection
(Zhu et al., 2013).

Orange peel derived fluorescent carbon dots
loaded with ZnO obtained using hydrothermal
carbonization method were used as a photocatalyst
for degradation of naphthol blue-black azo dye
under UV irradiation (Prasannan &lImae, 2013).

5. SUMMARY AND OUTLOOK

Carbon dots are rising stars of carbon
nanomaterials. In  this  mini-review, we
summarized the synthesis and applications of
carbon dots derived from natural and food sources.
Notably, synthesis methods of carbon dots are
simple, green and low-cost. Besides, application of
carbon dots is various including medicine, sensor,
solar cell computer etc. We think that synthesis
methods and application areas of carbon dots are
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increasingly developing. Therefore, we aimed to
draw attention to carbon dots, to encourage future
studies in this paper.
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