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ABSTRACT

In the past two decades, nano-science is widely used in different applications and the increased interest in the
utilization of nanoparticles in food processing is clear. Such applications include processing, packaging, devel-
opment of functional food, safety, foodborne pathogens detection, and shelf-life extension. In this article, the
essential facts and the latest uses of nano-science in fruit and vegetable juices were described. The green syn-
thesis of nanoparticles with antioxidant, antibacterial and antifungal characteristics is of great interest in food
preservation. These nanoparticles such as metals, oxidized metals and its bioactivity in juice were reviewed.
The current procedures to prepare nanojuice including nanofiltration and the most recent nanomilling were
presented. Beside the preparation, special emphasis has also been given to the chemical as well as the biological
(microbial and enzymatic) quality of the produced nanojuice. The role of nanotechnology in the development
of the smart and the active food packaging systems for the improvement of food shelf- life and quality was also
discussed. Since the physical and chemical characteristics of nanoparticles are completely different from those
of macro-size. Therefore, special and urgent attention by responsible authorities should be given and effective
policies should be applied for food products to ensure product quality, customer health and safety as well as the
environmental protection.
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AHHOTAL KA

B nocnenHue fBa gecsTUIETUSI HAHOHAYKA IIMPOKO UCIIONb3YeTCs B PA3IMYHBIX 00/IaCTSIX M OUeBMIeH TOBbILIEeH-
HBIf MHTEpeC K MPUMEeHEeHWI0 HAaHOYaCTUIL TIPU TepepaboTKe MUIIEBbIX MPOAYKTOB. Takue 061acTy BKIIOYAIOT
nepepaboTKy, YIIAKOBKY, pa3paboTKy QyHKLUMOHAIBHBIX IIPOJYKTOB, 6€30IIaCHOCTb, OOHAPYKeHMe MUILEBbIX I1a-
TOTEHOB M TIPOJJIeHe CPOKOB XpaHeHMsI. B JaHHO# cTaThe ormucaHbl BaxkHelile GakThl M COBpeMeHHOe MpuMe-
HeHVe HAaHOHAYKY 7151 GPYKTOBBIX M OBOIIHBIX COKOB. BOBIION MHTEepeC BHI3bIBAET 3€JIeHbIi CHTe3 HAaHOYACTUL],
C QHTMOKCUIAHTHBIMM, aHTUOAKTEPUATbHBIMM U TIPOTUBOTPUOGKOBBIMM CBOVCTBAMM [JISI YBEIMUEHUSI CPOKOB
XpaHeHYsI MUIIEBbIX MPOAYKTOB. CenaH 0630p HAHOYACTUIL, TAKMX KaK MeTaJlIbl, HEKOTOPBIX BUIOB MX OKCUIOB
M OKUCTIOB, U UX GMOIOTMYECKast aKTUBHOCTb B COKe. IIpuBeqeHbl COBpPeMeHHbIe MPOLeAYPhI AJIS1 IPOU3BOACTBA
HAHO-COKOB, BK/IIOUasi HAHO-(QMIbTPALIMIO M CAMOe COBPEMEHHOe HaHO-M3MesbueHue. [ToMruMo Mpou3BOACTBa,
0cOo0BIi aKLEeHT B 0630pe chenaH Ha XMMUYECKUX, & TAaKKe OMOMOrnyeckux (MMKpPOOMOIOTMIYeCcKuX 1 GpepMeH-
TAQTMBHBIX) KAUeCTBEHHbIX XapaKTePUCTUKAX IMPOU3BEIEHHbIX HaHO-COKOB. Takke 00CY)KIeHa posib HaHO-TeX-
HOJIOTMM B PA3BUTUY CUCTEM «Pa3yMHOI» U aKTUBHOI YITAKOBKY /IS YBETMUEHNSI CDOKOB XPAHEHMST U yIydIie-
HUST KauecTBa MUIIEBbIX MPOAYKTOB. [fokazaHo, 4yTo pusmueckme 1 XUMUUECKMe XapakTepuCTUKY HaHOYaCTHII
MOJTHOCTBIO OTIIMYAIOTCS OT XapaKTePUCTUK YaCTUL, Makpopasmepa. CaesaH BbIBOA, O TOM, UTO ITPOU3BOIMUTEINSIM
MUIIEBO# MPOAYKIUY ITPYU UCIIONb30BaHMM HOBBIX TEXHOIOTMIT TOJKHO YAISATHCS 0co60€e BHUMaHMe obecrieve-
HUIO ee KauecTBa [JIsl COXpaHeHNs OBepust IoTpeduTesneii. IIpy 9TOM KOHTPOMMPYIOIMMU U PETYIUPYIOIIMMA
OpraHM3alVSIMU JTO/DKHA TTPOBOANUTCS 3ddeKTUBHAS MOIUTHUKA 110 0becreyeHI0 6e30IacHOCTY MUILEeBOi Po-
IOYKLMU, COXPAHHOCTY 3I0POBbsI TOTPEGUTENEl U 3aIMThI OKPYsKAIOIIEli CPe/ibl.

1. Introduction ties [2]. Low fat, sugar and salt diets could be produced using

Nanotechnology is a field of science that concerned with
controlling the material on the scale of atoms and molecules.
Such small particles ranged from 1 to 100 nm in diameter
with a high surface-to-volume ratio, which essentially allows
them to be more active and dispersed than their larger one.
They provide a lot of food implementations i. e., processing,
packing, storing, handling, bioactivity as well as food safety
[1]. Nanoparticles (NP) are usually produced by crushing mol-
ecules into nano-scale particles (top-down) or rearranging it
(bottom-up) to produce nano-sized particles with new proper-
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nanotechniques [3].

Any food cultivated, produced, processed or packed using
nanotechniques as well as with added NP, is called nanofood [4,
5]. Nanojuice (NJ) aims to increase nutritional value and avoid
the failure of juice quality. NJ possesses unique characteristics
such as crossing the body’s natural barriers, entering into cells
or the bloodstream and even through the cell wall surrounding
the brain. As a result NJ constituents i. e., antioxidants, antimi-
crobials, natural pigments, biomolecules and other bioactive
compounds will be more nutritious and active inside the body.

o HUTUPOBAHNWA: Ammap, A. C., Bazapaa, B. A. (2021). HaHoTexHO-
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NP improved taste, flavor, consistency, stability and texture of
food products. Also, enhanced bioactivity of nano nutraceuticals
was achieved [6,7,8]. Phyto-NP showed higher antioxidant activ-
ity than macromolecules. This may be due to the high surface
area of NP that resulted in increasing chemical activity [9]. NJ
minerals (i. e., Fe, Ca, K, Cu, Zn...etc.) could be better absorbed
by the body to tackle deficiency. Due to the limited knowledge
concerning NJ, therefore, this article aims to provide the basic
facts regarding the recent uses of nanotechniques in juice pro-
cessing and packing as well as safety, health concerns and regu-
lation.

2. Juice nano-processing

Literature revealed the use of filtration or milling techniques
to achieve nanoparticles juice (NPJ]). Nanofiltration utilizing fil-
ters with pores of nano-size was used by many authors for clarifi-
cation, concentration, stabilization, discoloration and pigments
separation of juices (Table 1). Nanofilteration was successfully
used in concentrating strawberry juice maintaining of its bioac-
tive phenolic compounds [10] and in improving the quality of
pear juices [11]. De-coloration of dark apple and grape juices was
carried out by physical separation of melanoidins using nanofil-
tration membranes and the color characteristics of the only ap-
ple juice became closer to the non-browned juice [12]. Procyani-
din was separated from grape juice utilizing nanofilters and the
main advantages were: rapid separation, energy efficient, and
with no oxidization loss [13]. The Korean dongchimi nanojuice
(alternative health soft drink) was prepared via fermentation
followed by nanofiltration instead of using heat treatment and
the nanofiltered juice used as anti-adipogenic agent [14]. Nano-
milling was utilized for the first time [15] in the preparation of
NP orange juice (NPOJ) (Figure 1). The prepared juice exhibited
high sensory scores, lower pectin methylesterase activity and as
a result lower juice separation as well as higher microbiological
quality (Table 2).

Tablel
Juice nanofiltration
Juice type Action References
Apple and Pear higher concentration [16]
Apple and Grape  melanoidins separation [12]
Pear enhance stability and shelf life [11]
improve color, clarity and
Amla valuable component. (17]
Grape procyanidin separation [13]
efficient concentration with
Strawberry maintenance of phenolic compounds [10]
Apple juice with 30% less sugar [18]

Orange - Orange Juice -

Table 2
pH values, ascorbic acid content, pectin methylesterase
activity (PME), psychrotrophs and yeast and mold counts
of fresh O], pasteurized OJ and NPOJ with freeze
dried kiwi (0.3%, w/w) [15]

Pasteurized O]

Parameter Fresh O] (70°C/5 min) NPOJ
pH 3.67+0.18 3.70£0.07 3.71%0.12
A?gfgr}’fgggd 44.00£0.80  18.97+0.08  28.50%0.24
v T 4.49%0.00 0.340.30 0.26+0.14
(lfggjlé‘l’:gorg{??) 3.01%0.04 2.08£0.06 1.63£0.18
Yeasts &Molds 2.70+0.02 1.50+0.08 1.61£0.30

(log,, CFUml™)

3. Green synthesis of NP

Green synthesis of NPs with antioxidant, antibacterial and
antifungal characteristics is of great interest in food preserva-
tion [19]. In general, various synthetic methods include physi-
cal, chemical and biochemical (green) techniques were used
for the production of nano-sized silver particles (AgNPs). The
reduction by chemical procedures is widely used since it gener-
ates AgNPs on large scale under gentle conditions. However, it
exhibited side toxic compounds which may have adverse impact
in the medical uses and environment. Therefore, the synthesis
of AgNPs by green method has many advantages over those
obtained by physical and chemical means as it is eco-friendly,
cost effective, and generated under mild conditions [19]. The
metal such as silver nitrate was used as the silver precursor,
while the fruit juices were used as reducing and stabilizing
agents. Green synthesized AgNPs, as an antimicrobial agent,
were used in lime, lemon, orange and grape juices against
Escherichia coli, Staphylococcus aureus, Pseudomonas aerugi-
nosa and Bacillus subtilis [20]. Zirconium nitrate NPs (ZrNPs)
were prepared using orange juice and orange peel extract, as
green reducing agent and stabilizer [19]. They studied the anti-
microbial, anti-inflammatory and antioxidant activities of the
synthesized ZrNPs. Recently, nano-sized iron particles (zero
valent) encapsulated in carbon were synthesized and used for
destroying patulin in apple juice [21]. More recent, fresh apple
juice was clarified using nano powders of both silicon dioxide
(5i0,) and titanium dioxide (TiO,) [22]. Their clarifying abilities
were higher than that of bentonite clay. Commercially SiO, and
TiO, are widely utilized as food additives in many food prod-
ucts (E551 and E171, respectively) [23].

Centrifugation

/—/H

Serum

Pulp

]

Freeze-drying

1

NPOJ _ Reconstitution — Nanomilling

Figure 1. Schematic diagram of the production of NPOJ [15]
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4. Juice nano-packaging

Good packing substances should be gas and moisture im-
permeable in addition to accepted mechanical strength and
biodegradability. Nanotechnology has a great role in the devel-
opment of the smart (contains specific sensor to indicate about
the internal condition of the product in form of signals) and
the active (contains specific system such as antioxidant or an-
timicrobial agents to modify the environmental conditions for
extending shelf life and improving food safety) food packaging
systems. Both types exhibit several benefits over the tradition-
al packaging methods since they can provide better packaging
characteristics such as enhanced mechanical strength, barrier
characteristics, antimicrobial activity, and ability to specific
pathogenic bacteria detection and alerting consumer’s atten-
tion to product safety [24]. Incorporating NPs of inorganic met-
als and metal oxides (i. e. Ag, Fe, TiO,, ZnO, MgO, SiO,) and
carbon within packaging materials, a novel packaging mate-
rial with potent antimicrobial activity could be performed with
more stability in extreme conditions [25]. Several AgNPs based
packaging materials with high antimicrobial activities are
available in markets [26]. Packages containing nanosilver ef-
fectively increased the quality of fresh orange juice [27]. Nano-
composite and nanolaminates also give an extra protection
against extreme thermal and mechanical conditions leading to
the improvement in food quality [28].

5. Nanojuice safety and regulation

There are several benefits of the applied nanotechniques in
food processing. However, safety of the NP should be well consid-
ered since the physical and chemical characteristics in nano-size
are completely different from those of macro-size. For example
issues such as: the partitioning of NPs from packaging materi-

als into food [29], and the bioaccumulation of these small size
particles within human body [30] should be carefully evaluated.
Each NP type has its own characteristic and therefore, toxicity
research should be separately founded [31]. Therefore, respon-
sible authorities should apply effective guidelines and policies
for food products to ensure product quality, customer health
and safety as well as the environmental protection. In the USA,
the US-FDA is involved in the regulation of nanofoods, while the
Food Standards Australia and New Zealand (FSANZ), a regula-
tory body under the Food Standards Code actively participates
in the regulation of nanofood additives and ingredients in Aus-
tralia [26]. Risk assessment of nanotechnology in the European
Union is performed by the Scientific Committee on Emerging
and Newly Identified Health Risks (SCENIHR). The nanofood or
food ingredients are completely covered by the European Union
Novel Foods Regulation (EC258-97) [32]. Japan and China are
the major nano-size materials producing countries. However,
they do not have the proper needed legislations [33]. The lack
of nanojuice and nanofood legislations in many countries is due
to knowledge gap concerning exposure, availability, and toxicity
of these materials to human body. Therefore, urgent need of ac-
cepted international regulatory system for the regulation of the
use of NPs in food processing [26].

6. Conclusion and future perspectives

Currently, nanotechniques play an important role in food in-
dustry. It well contributes to the texture, taste, appearance, shelf
life and the bioavailability of nutrients of the Food. Although the
advances in nanotechnology are clear, however, the current level
of research concerning nanojuice is still at research and develop-
ment stage. Many challenges to improve such technology and to
assess its safety are needed to establish customer trust.
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