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The potential of the nanotechnology process application in food
research is in the spotlight and has attracted much attention in many
countries recently due to the outstanding properties of nanoparticles
which cannot be found in the bulk material. The smaller particle size
developed through the nanotechnology process is reported to have high
water-holding capacity, high fluidity and a high water solubility index.
Moreover, the easy penetration of nanoparticle into the structure of
food, well disperse and increases in the nutritive component make the
nanotechnology process an interesting alternative technology to be

applied in the food industry.
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Introduction:-

The term “nanotechnology” was first used in 1974 by the late Norio Taniguchi and the concepts were provided by
Richard Feynman in 1959. It has currently become a fast emerging field that involves the manufacture, processing,
food and bioprocess industry through the development of materials in the nanoscale dimension of less than 100 nm
to 1000 nm (Bouwmeester et al., 2009). This is a rapid growing technology and is becoming an important tool to be
applied in improving the agribusiness sector include food industry. It is estimated that nanotechnology will give
significant effect on the growth of agribusiness industry in the next 10 years. In fact, nanotechnology has predicted
to improve the entire food industry by changing the way food is produced, processed, packaged, transported, and
consumed (Sabourin & Ayande, 2015). Hence, abundance research related to nanotechnology process related to
food has been conducted. Homogenisation and fine milling of milk and dairy product into droplets of less than 100
nm in size are already established. The study on the development of nanoparticle in food was carried out mainly to
improve the functional properties of food. Several researchers have confirmed the water solubility and
bioavailability, as well as the antioxidant enhancement attained in the sample that went through the nanotechnology
process (Gao et al., 2011; Liu et al., 2008; Ma et al., 2009). This is in line with other researchers who have claimed

Corresponding Author:- Norhidayah. A. 1665

Address:- Faculty of Applied Science, Universiti Teknologi MARA Shah Alam, Selangor.


http://www.journalijar.com/
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_22
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_45
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_102
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_104

ISSN: 2320-5407 Int. J. Adv. Res. 5(12), 1665-1671

that the reduction in particle size can improve the bioactivity of the material (Zhao et al., 2009). In conjunction with
the nanotechnology process benefits provided, recently the research is moving towards the role of the
nanotechnology process in food research in enhancing the bioactivity of herbs.

The Effect of Nanotechnology Process on Physical Property of Biomaterial:-

Nanotechnology process significantly affects the physical properties of the material tested. Reduction in the particle
size into the nanometer and shifting of a broad particle size distribution into a bimodal sharp peak distribution were
the obvious effects of the nanotechnology process. It was the energy generated during the nanotechnology process
that transmitted the energy to the internal part of the granule, then spread it throughout the granule, therefore forcing
the granule to breaking point. In addition, the effect of various form of forces including compression, impact, shear,
and attrition force assisted the physical breakdown of particles. The forces break the particles into smaller particles
and at the same time split the finer particles from larger aggregate particles. Hence a uniform distribution of loose
and porous smaller particles were produced (Kazemimostaghim et al., 2013; Ren et al., 2010).

Theoretically, below 100 nm size of particles are expected to be formed as a result of the nanotechnology process
application, but somehow many authors proved that the particle sizes produced were greater than 100 nm. Even
though a nanoparticle is defined as a particle of a size less than 100 nm, however it actually depends on the type of
material used. Relatively, the composition of material used may become one of the limitations in reducing the
particle size lower than 100 nm. The rhizomatic, fibrous root and herbs are typically difficult to grind into nano size
(Su et al., 2006) because of the higher fibre. Fibre strength and its diameter have much impact on the nanoparticle
size. The presence of fibrous material may limit amount of cellular material to be ruptured thus interfering with the
milling effectiveness (Rajkhowa et al., 2009; Rajkhowa et al., 2008).

In addition, the method used to produce nanoparticles also influences the size of the nanoparticles produced.
Nanoparticles produced using a mechanical approach where it involved the breaking process of bigger particles into
smaller particles with the presence of energy from mechanical devices are capable of producing nanoparticles
typically in the 100 to 1000 nm range (Acosta, 2009). Table 1 indicated the sizes of the nanoparticles that were
produced using a mechanical approach.

Table 1:- Particle Size of Nanoparticle that Produced Through Mechanical Approach.

Material Tested Everage Particle Size References

Wheat Bran Dietary Fibre Powder

343.5 nm

Zhu et al. (2010)

C. asiatica

Almost 500 nm

Borhan et al. (2014)

Red mold rice

Almost 500 nm

Yu et al. (2006)

Traditional Chinese Medicine Algar | 78+8.3 nm Tian et al. (2014)
Rhizama Chuanxiong Around 200 nm Su et al. (2006)
Cuscuta chinensis 267.6 £4.4.nm Yen et al. (2008)
Liuwei Dihuang 161.9 + 2.5 nm Ma et al. (2009)
Quercetin 251.56 + 24.6 nm Gao et al. (2011)
Tea Tree Oil 287 2 nm Santos et al. (2014)

C. officinalis oil
C. guaianensis oil

21153 +1.65 nm
192.36 + 1.30 nm

Chitosan

372.2 nm

Zhang et al. (2012)

Lycium. barbarum Polysaccharides

378.7 nm

Zhang et al. (2014

Changes in the structure and shape as well as surface morphology due to nanotechnology process are also reported.
The strong mechanical impact introduced during the nanotechnology process switched the solid spherical shape of
the coarse material into much smaller irregular flake like platelets as well as other shapes of smaller fragments (Liu
et al., 2009; Ren et al., 2010; Zhao et al., 2010). While in another study by Lian et al. (2013) and Sun et al. (2014)
revealed that the nanotechnology process shifted the FTIR peak absorption into a lower band, indicating that it
caused some increment in the intermolecular force of hydroxyl groups. In addition, a decrease in the band height
and broader OH — stretching vibration regions were also reported, which indicated crystalline structure degradation
and formation of an amorphous structure (Xie et al., 2006). Huang et al. (2008) further revealed that the
nanotechnology process decreased the peaks’ intensity at 15 17°, 18° and 23°, to the extent that they almost
disappeared, leading to the development of a broad and featureless peak. This peak diffraction spectrum
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corresponded to a typical spectrum of amorphism. The transformation of a crystalline into an amorphous structure as
a result of the nanotechnology process was also observed in switchgrass, jicama, maize starch and cassava starch
(He et al., 2014; Huang et al., 2007; Jessica et al., 2014; Martinez Bustos et al., 2007). Moreover, in certain cases, a
new functional group was formed affected by the nanotechnology process, as revealed by Wei et al. (2014), when
new C=0 groups were observed in the nanochitosan which previously did not appear in its coarse particle.

The nanotechnology process is also found to affect the color intensity. Increases in the lightness intensity due to the
particle size reduction were observed in corn silk and wheat bran (Cha et al., 2012; Majzoobi et al., 2014). While in
another study by Tsai et al. (2011) they reported that more vivid redness intensities (a* value) of betanin and total
betacyanin were observed in the nanoparticle C. formosanum as compared to the coarse particle. Meanwhile, a
yellowness intensity (b* value) increment was observed in the fine green tea when compared to the coarse particle
sample as reported by Hu et al. (2012). The changes in the color intensity may contributed by the ability of the
nanotechnology process to expose the inner layer of materials to the surroundings, hence altering the colour
(Majzoobi et al., 2014).

Moreover, increased water holding capacity (WHC) with particle size reduction was reported in the superfine A.
membranaceus powder (Zhao et al., 2010), A. chaxingu (Zhang et al., 2005), Z. officinale powder (Zhao et al.,
2009), carrot (Chau et al., 2007) and buckwheat hull dietary fibre (Zhu et al., 2014). Exposure of more of the
hydrophilic parts of cellulose and hemicelluloses to the water surroundings during the milling process was the
reason for the WHC increment (Zhao et al., 2009).

The Effect of Nanotechnology Process on the Chemical Properties of Plants :-

Nanotechnology process has been found to cause various effects on the active constituents present and most of the
studies found that the nanotechnology process enhanced the control release of active compounds (Giao et al., 2009;
Zhao et al., 2011). Greater paeonol concentration was observed in nano L. dihuang as compared to its coarse particle
(Ma et al., 2009). In addition, the nanotechnology process enhanced the active constituents in S. miltiorrhiza
(Danshen) when the nanosalvianolic acid B concentration was reported to be 1.22 mg/g higher than the
conventionally prepared one (Liu et al., 2008). Hence, it provided a general idea that maybe the milling process
allowed more flavonoids out of the cell matrix. This was in agreement with Ma et al. (2009) who found that the
physicochemical and medicinal characterisations of L. dihuang were optimised after being ground to 161.9 nm. It
was previously inconsistently absorbed in its coarse particle.

Furthermore the phenolic compound which includes phenolic acids and flavonoid, well known antioxidant agents
found in plants are documented as being better isolated (p<0.05) when the particle is reduced to nanosize. Greater
amounts of phenolic acids were extracted in the bitter melon, fibre rich powder and corn silk as well as in the djulis
C. formosanum, after being exposed to the ultrafine and nanotechnology process application (Cha et al., 2012; Tsai
et al., 2011; Zhu et al., 2012; Zhuang et al., 2012). Similar phenolic acid increase as a result of this technology was
claimed by Jiechao (2011), Mayer-Miebach et al. (2012) and Majzoobi et al. (2014) where the percentage increased
from 49% to 90% compared to its coarse particle as observed in the apple pomace powders, chokeberry and bitter
melon powder. The results gained are relatively in agreement with Zhao et al. (2009) and Zhu et al. (2014), who
suggested that size reduction technology, particularly the nanotechnology process, dramatically increase the total
phenolic compound extractability.

Despite the effectiveness of the nanotechnology process in enhancing the release of some active compounds,
depletion of other active compounds as a result of the nanotechnology process are reported. Reductions in the TFC
were observed in the nano C. chinesis (Zhang et al., 2009) and nano pigmented rice (Paiva et al., 2014). In addition,
depletion of folates, phytic acid and sinapic acid, as well as coumaric acid, were demonstrated in the wheat bran and
fibre flax due to the nanotechnology process (Dyminska et al., 2012; Hemery et al., 2011). The compounds’
stability during the nanotechnology process may contribute to the variation in the active constituents extracted.
Pacheco-Palencia et al. (2008) claimed that 73.4% reduction in the ferulic acid took place during storage at 40°C for
10 weeks, while Reblova et al. (2012) stated that gallic acid is the most readily oxidised phenolic acid. In fact the
instability is even worse than for ferulic acid. Active compounds’ degradation as affected by the thermal effect is
also an important reason for the loss of phenolic acids (Hemery et al., 2011). In brief, it reflects the stability of
phenolic acids where at a certain level, some of the phenolic acids are found to be sensitive to heat. This argument
was further supported by Kim et al. (2009) and Rawson et al. (2011) when, in their paper, they revealed that
reductions in the gallic acid as well as total soluble phenolic acid were demonstrated in mango as a result of thermal

1667


file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_57
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_68
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_73
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_111
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_27
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_106
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_176
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_106
file:///C:/Users/User/Dropbox/thesis/thesis/submitted%20for%20viva%20on%2020%20Jun%202016/thesis%20untuk%20dijilid%20beserta%20cd/full%20thesis%20(Submitted%20on%2020062016%20and%20ammend).docx%23_ENREF_197

ISSN: 2320-5407 Int. J. Adv. Res. 5(12), 1665-1671

effects. Heat generated during processing is reported to decrease the quercetin, kaempferol and myricetin
concentration as observed in the cashew apple, mango, pitanga and acerola fruit (Chen et al., 2007; Hoffmann
Ribani et al., 2009). Furthermore total losses of naringenin, quercetin and rutin in reduced sizes of  A. eupatoria,
Salvia sp. and S. montana particle were reported by Giao et al. (2009). In fact, Rawson et al. (2011) concluded that
heat generated during the nanotechnology process most probably causes changes in the stability of bioactive
compounds, which include ascorbic acid, polyphenol and carotenoids, due to their heat sensitivity. Moreover, the
steps involved during the nanotechnology process may alter the structure of active components, thus limiting the
extraction rate of the compounds and sometimes causing them to be undetectable through HPLC (Dyminska et al.,
2012).

The smaller size of the nanoparticles improved the solubility and increased the dissolution rate of poor water soluble
active ingredients thus reported to enhance the antioxidant activity. The nanotechnology process effectiveness in
enhancing the antioxidant activity was described by Liu et al. (2008) where S. miltiorrhiza (Danshen) products
prepared using the nanotechnology process exhibited more scavenging power compared to traditionally ground
material based on the DPPH radical scavenging and ferrous ions chelating assays (p<0.05). Moreover, the reducing
power of the S. miltiorrhiza (Danshen) was also significantly better than the traditional preparations. While in
another study, increase in the ABTS radical scavenging activity, FRAP, accompanied by TPC increment was
demonstrated in dietary fibre from buckwheat hulls that had undergone the size reduction process (Zhu et al., 2014).
Antioxidant enhancement as a result of size reduction technology is also demonstrated in wheat bran as documented
by Rosa et al. (2013) which is similar to the nanoparticle C. formosonum (Tsai et al., 2011), when this technology
was found to be 8% and 38.02% better in antioxidant properties when compared to the coarse particle respectively.
Significant improvement in the FRAP activity due to the nanotechnology process was also observed in the
nanoparticle dietary fibre (Zhu et al., 2014) which was comparable to the chitosan nanoparticle (Pasanphan et al.,
2015). While in another study, the nanotechnology process had improved the DPPH free radical inhibition of
quercetin nanoparticles when the activity was found to be 883 fold higher than for its coarse particle (Wu et al.,
2008). Similar remarkable free radical inhibition activity was documented by Zhang et al. (2009) and Tsai et al.
(2011), when the nanotechnology process increased the antioxidant activity up to 92.84% and 80% in C. sinensis
fruit and chitosan correspondingly.

Despite the success of the nanotechnology process, some authors revealed that this technology reduced some of the
antioxidant activity as demonstrated in the dietary fibre from wheat bran (Brewer et al., 2014; Zhu et al., 2010) and
dietary fibre from wine grape pomace (Zhu et al., 2014). The authors revealed that the nanotechnology process
caused 47.95%, 9.59%, 3.8% reductions in the DPPH free radical inhibition activity respectively as compared to the
coarse particle. This is supported by Tao et al. (2014) where size reduction technology caused a slight reduction in
the DPPH free radical inhibition activity of ultrafine insoluble dietary fibre from citrus. This result was in agreement
with Zhu et al. (2010) where wheat bran coarse particles showed significantly greater DPPH free radical inhibition
percentage (72.76%) compared to its nanoparticles (24.81%). A similar trend in the DPPH free radical inhibition
activity was also observed in the ultrafine dietary fibre from wine grape pomace where the DPPH free radical
inhibition activity was 91.9% with 95.7% in its coarse particle (Zhu et al., 2014), while Brewer et al. (2014) reported
that 55.88% DPPH free radical inhibition activity was found in the coarse particle compared to the fine particle
(46.29%) wheat bran. Thus, they made an assumption that the heat generated through mechanical milling damaged
the total phenolic components and thus diminished their antioxidant activity. The stability of the active compounds
with nanotechnology process, as well as inability of these active compounds to stand the heat generated along the
process, may the possible reasons for antioxidant degradation, since some of the phenolic compounds are stable and
some are unstable. In fact Brewer et al. (2014) emphasized that single electron transfer was at the optimum stage
when fewer processing steps were involved. The greater amount of fibre found in the sample may extend the milling
time, thus causing degradation of some of the active compounds.

However in certain cases, the effect of the nanotechnology process was depend on the antioxidant assay used to
evaluate the antioxidant activity itself. As described in the study conducted on C. sinensis fruit, the author revealed
that the nanotechnology process promotes the diminishing of the ferric reducing antioxidant power (FRAP), but at
the same time, this technology was found to improve DPPH free radical inhibition activity (Zhang et al., 2009).
Therefore they suggested that FRAP analysis may be adversely affected by particle size. Furthermore, the stability
of antioxidant compounds and different targets of reactions may contribute to this variation.
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Conclusion:-

The nanotechnology application in plants and herbs is of great interest due to economic prospects, and feasibility
and wide range of applications in food and agricultural science. It is an emerging research area in the scientific
world and promise a bright future for this field. The nanotechnology process leads to some changes in the
physicochemical properties and brings some novel characteristics that cannot be obtained in the larger materials.
Nanotechnology process reported to increase the extraction yield and enhanced the bioactivity effectiveness.
Additionally, the well dispersed nanoparticles may also contribute to the full dissolution of the active ingredients.
Moreover, it is enhanced antioxidant activity in fact the activity would be equally effective as that of synthetic agent
used in the food applications.
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