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Abstract: Agricultural food supplies, in particular raw vegetables for example with a preference of raw foods,
are susceptible to contamination by several microorganisms, which may threaten human health. The regulation
of the pathogenic load on foodstuffs has been a key element in food safety. Equipment such as ultraviolet
radiation or microwave irradiation could effectively, easily, but partially resolve the problem of these
contamination that cannot be achieved by traditional methods such as water washing at the consumer level.
Ensuring the safety and quality of food through preservation is of extreme importance. However, the
incomplete pasteurization might nonetheless contribute to the development of human health with a concept of
hermetic effects. Here, an innovative and alternative approach for food sanitation would theoretically be
introduced for the original evaluation of risks/benefits of microbiological cause related with food consumption.

Keywords: non-contact food decontamination; food safety; probiotics; hormesis; hermetic effect;
ultraviolet light irradiation; microwave irradiation

1. Introduction

Leafy green vegetables such as lettuce, Cichorium endivia L., are popular plant-based foods, which
could be bases of vitamins and/or other nutrients for the human life [1]. However, leafy green
vegetables can be populated by various microorganisms including several pathogens. (Figure 1) The
most rich bacteria of lettuce can possess about 10¢ colony-forming units (CFU) per gram of the raw
weight [2]. In addition, E. coli, Salmonella, Cyclospora, and norovirus are harmful, for example [3].
(Figures 1 and 2) The bacterial configurations may noticeably differ from that was detected at primary
point because of the growth in abundance of definite bacterial taxa [4]. Furthermore, raw foods could
possibly befall contaminated with several pathogens, resulting in foodborne disease upon the food
consumption [5]. Contaminated foods may be an imperative cause of foodborne diseases worldwide.
To diminish the risk of pathogen contamination to foods, disinfectant handlings are commonly
employed [6], by which it could decrease the total microbial count on foods [7]. There are alterations
of sanitation method accustomed to achieve a safe food. For example, washing with a pure clean
water may be actual and vital to decrease the bacterial content on foods [8]. It has been shown that
the plasma-treated water could efficiently achieve a furthermore reduction of the microbial quantity

[9].
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Figure 1. Schematic representation of non-contact food sanitation. For example, the UV light and
microwave irradiation can inhibit the growth of microorganisms on leafy raw vegetables that contain
several bacteria including E. coli and/or Lactobacillus sp.. Note that some of important activities such
as reactive oxygen species (ROS) production for the cell death of microorganisms have been omitted
for clarity.
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Figure 2. Hypothetical image for the hermetic effects. The performance of the non-contact food
sanitation such as UV light and microwave irradiation usually depends on their power and usage-
duration. The stronger you use the sanitation, the less quantity both positive and negative bacteria on
the raw foods becomes, although the negative effects such as nutritional loss and unpleasant smells
increase. Hormetic effects with the hypothetical consumption of the handled raw foods are shown.

In general, fresh fruit and/or some vegetables are an imperative component of a healthy diet,
which are habitually eaten raw. Because lettuce is also eaten raw, for example, a high level of food
safety should be reached without damaging the raw food nutrition [10]. As some vegetables and
fruits as well as their processed foodstuffs may frequently possess a considerable content of
moistness, microorganisms could certainly grow for triggering worsen and/or rot [11]. So, many
types of raw foods should be handled with sanitizer washes to reduce damaging organisms observed
to the surface of foods [12], which may also be crucial for decreasing the risk of cross-contamination
by some pathogens that may have been conveyed from human hands [13]. Developing machineries
to ensure the safety of raw foods is an urgent matter from an economic and public health viewpoint.
Several economic benefits could be achieved even if the used water can be reused within
microbiologically safe situations [14]. Non-contact food cleansing technology characteristically
employs various forms of energy to handle with foods without a physical or mechanical contact,
which is frequently used for foods sterilization at the present time. For example, ultraviolet (UV) light
irradiation, microwave irradiation, gamma ray irradiation, and ultrasound fields are Non-contact
food cleansing technologies. Among them, UV light irradiation and microwave irradiation might be
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for the easy to use equipments at the consumer level. (Figure 1) In addition, refrigeration might
reduce the bacterial quantity by growth inhibition except for the cold-adapted bacteria. The non-
contact food cleansing technologies could also effectively inhibit the growth of microorganisms in
foods, thereby extending the shelf life of food while preserving the nutrition and flavor of the foods.

In contrast, however, leaves of raw eaten herbs and/or vegetables may have good environments
for many bacteria significant to human health and diseases, when eaten at mealtimes [15]. Leafy raw
vegetables have been analyzed to understand the effect of microbiota composition [16]. Interestingly,
probiotic bacteria such as strains of bifidobacteria and lactic acid bacteria are distinguished for their
valuable effects on the gut microbiota and/or human health [17]. In addition to the health-promoting
effects of probiotics, there have been some reports on their risk to develop an opportunistic pathogen
[18]. One of the reason is that these species are known to get a risk of exchanging antibiotic resistant
genes with other pathological microorganisms [18]. Remarkably, however, it has been shown that
those Lactobacilli bacteria are determined occasionally to counteract for foodborne pathogens [19].
Here, an innovative approach for food sanitation is hypothetically introduced for the development
of human health with raw foods consumption.

2. Ultraviolet Light Irradiation

Ultraviolet (UV) light is a kind of electromagnetic radiation with three forms of wavelength;
UVA, 315-400 nm; UVB, 280-315 nm; UVC, 200-280 nm [20]. (Figure 1) In particular, biological action
of the UVC irradiation has been recognized as a steady disinfection technique for confirming water
safety [21]. Nowadays, UVC light-emitting diodes (LEDs) have opened to substitute the mercury UV
lamps. Therefore, the UV LED treatment may characterize an alternative disinfection usage, which is
believed sustainable, cost-effective, and friendly to environment [22]. Paralleled to biochemical
disinfectant handling, the UV LED treatment guarantees a safe water supply without producing
something unpleasant taste or odor [23]. In the disinfectant mechanism, dimerization of some DNA
bases can obstruct their DNA replication and/or transcription, which might eventually lead to cell
death. Active UVC can run through the cell membrane of various microorganisms, resulting in
crosslinking between thymine and cytosine bases to the dimerization in DNA double strands [24].
Therefore, UV irradiation could instigate cell apoptosis and/or cell death in various microorganisms
[25]. To increase the efficiency of the UVC-LED sterilization, it is well-known that environmental
temperature and UV wavelength might be significant.

Again, the UVC is the most frequently used for removing microbial contamination from raw
foods by their effectiveness [26]. In addition, UV light could degrade some toxins that might absorb
UV light by photocatalytic degradation reactions [27]. Generally, the photocatalytic degradation can
enhance with accumulative UV power and irradiation period [28]. In apple juice, for example, the
degradation of patulin has been described at the UV power of 4500 J-cm™ [29]. Remarkably, the
antimicrobial outcome of UV irradiation usually depends on the species of microorganisms [30]. The
moisture content and color of the coffee beans might stay unaffected after the UVC irradiation, but
not for the pH alteration. UV light irradiation could extend the shelf life of foods by the killing efficacy
to microorganisms. However, the UV light irradiation could also have some negative effects on the
food itself. For example, long-term exposure to UV light could influence the flavor and/or taste of
foods [31]. In addition, UV light can also abolish the natural nutrients in food, triggering it to fail its
natural flavor and color [32]. Furthermore, UV light could occasionally initiate lipid peroxidation in
foods, indorsing the creation of some carcinogens [33]. Remarkably, the UVC usage could obstruct
the growth of lactic acid bacteria on foods, which contribute to food damage and/or rotten smells [34,
35]. Therefore, applications of UV light irradiation might hold some limitations such as incomplete
sterilization strength and patchy sterilization.

3. Microwave Irradiation

Microwaves are also a type of electromagnetic radiation with a wavelength range of about 1
mm-1 m and a frequency range of about 0.3-300 GHz [36]. (Figure 1) Microwave irradiation can
destroy microorganisms in foods through thermal and non-thermal effects. The non-thermal effects
include chemical and/or biochemical changes [37]. The thermal effect of microwave irradiation in
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foods performs to be prevailing, in which the mechanism of microwave irradiation generates heat
[38]. Consequently, microwave heating can change the formation of proteins, enzymes, lipids, and
nucleic acids, which could induce cell death [39]. Therefore, the microwave irradiation equipment is
nowadays commonly employed not only for foods sterilization but also for various food processing
applications [40]. In actual, microwave irradiation usage for 20 second usually decreases the spore
amounts of A. parasiticus on brown rice [41]. Similarly, after 15 second of microwave
irradiation, Microdochium nivale and Fusarium spp. in wheat reduced by about 70% [42]. In addition,
microwave irradiation commonly declines the cell counts of various microorganisms in the
irradiation handled samples [43].

In general, microwave irradiation has some benefits including controllability and eminent
effectiveness, by which it has broadly been used in foods. The effect of microwave irradiation in the
microwave recipient cavity may result in comparatively cold and/or hot spots allocations in the
microwave heating [44]. In the rather cold places, it might happen to run to incomplete killing of
several heat-resistant microorganisms in foods, putting a considerable risk of theoretically pathogenic
restoration by the still living microorganism. In the relatively hot places, on the other hand, it could
trigger to change or degrade the color, smell, and/or nutrition, decreasing the quality of foods by the
microwave irradiation [45]. This inconvenience may be alleviated by changing the position or rotating
with the food samples being handled for optimizing heat activity by the microwave irradiation. It is
imperative to notice that hot and/or cold places instigated by patchy microwave heating could direct
to lower quality of foods after the excess microwave irradiation [46]. Hence, selecting the proper time
and power of microwave irradiation might be of great importance. Moreover, the temperature
distribution in the recipient cavity of the microwave irradiation could be affected by the food
individualities and the frequency of microwave [47]. As for the merits of microwave irradiation, it
could relatively preserve some food ingredients such as phenols, chlorogenic acid and/or ascorbic
acid rather than that by deep frying [48, 49]. Therefore, again, applications of microwave irradiation
might also retain some limitations such as incomplete sterilization strength and irregular sterilization.

4. Hormesis Concept with a Positive Gut Microbiota

The gut microbiota is a kind of complex system of various microorganisms in the gastrointestinal
tract, which has been recognized for its contributions to human health and disease. Influenced by
factors such as lifestyle, microbiota composition is subject to modification. Some bacterial species
might contribute to the development of homeostasis during aging and the age-related diseases via
the alteration in gut microbial communities [50]. The gastrointestinal tract accommodates the
maximum number of microbes, being collectively called the gut microbiota [51]. The gut microbiota
might have its own homeostasis. For example, diet and exercise could modify the gut microbiota. A
positive modulation of microbiota could link to the good quality of life (QOL) [52]. In this meaning,
raw green leafy vegetables could also contribute to the alteration of gut microbiota, as they may
contain several microorganisms on their surface for the positive modification of gut microbiota. In
addition, leafy green vegetables have inorganic nitrate, an anion with potential prebiotic effects on
the microbiome [53]. The positive microbiota may serve as a safeguard against various pathologies
such as inflammatory bowel disease and metabolic syndrome associated with gut dysbiosis [54]. It
has been shown that several functional foods can support gut microbiota by promoting microbiota
flexibility [53, 54].

The hormetic responses from dietary interventions may be of importance for improving gut
resilience. The hormesis is a biphasic dose response phenomenon, wherein exposure to low levels of
stressors induces adaptive responses that confer resistance to subsequent stressful challenges [55].
Harnessing the potential benefits of hormetic responses from dietary components may open avenues
for developing strategies to prime the gut resilience and thus promote overall well-being of the host.
(Figure 2) Probiotics are defined as “live microorganisms that can grant health benefits to the host”
[56]. The most common probiotics include strains of bacteria, such as Lactobacillus and Bifidobacterium,
and yeast like S. boulardii [57]. (Figures 1 and 2) The proposed mechanisms underlying the effects of
health benefits of probiotics involve alterations in the composition and function of the intestinal
microbiome. A plant leaf surface may represent a microbial ecosystem of substantial mass, holding
amazing diversity [58]. These phyllosphere-associated microbial populations could play roles not
only for the well-being of plants but also for that of people who eat this vegetation including leafy
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green vegetables. Unfortunately, again, such consumption of raw vegetables occasionally conveys an
increased risk of foodborne diseases due to excess incorporation of pathogenic microorganisms to
humans [3, 59]. As mentioned above, however, not all microorganisms on the vegetable are unsafe to
humans. In fact, the concept of the edible microbiota is based on the idea that with the incorporation
of raw plant foods. People could load our gut with positive microbes that attach to these foods which
might possess probiotic abilities [60]. For example, the lactic acid bacteria are commonly found on
the edible leaf surfaces [61]. Many of these bacteria confer health benefits to humans. In addition, the
plant-associated bacterium Lactobacillus plantarum can survive gastrointestinal conditions and endure
via adherence to gut epithelial cells [62]. While mild stress is beneficial in the form of the ability to
adapt to the place, high levels of the stressors could cause cell death. This diffident amount of
oxidative stress often occurs in the microbe environment [63], such as non-contact food sanitation.
(Figure 2) In addition, nutrients or metabolites produced by the gut microbiota could also act for
metabolic perturbations of gut epithelial cells [64]. Interestingly, a treatment with curcumin may
significantly alter the ratio between positive and negative/pathogenic bacterial strains by increasing
the growth of Bifidobacteria/Lactobacilli and reducing the masses of Enterobacteria/Enterococci in the gut
microbiota [65]. The capacity of the lactobacilli to induce redox signaling in gut epithelial cells is a
preserved hormetic adaptation to compel cellular acclimatizing to exogenous stimuli [66]. In
addition, the hormetic effects for anti-inflammation have been noticed in various bioactive
compounds [67], which could frequently be involved in the modification of gut microbiota [68]. The
dynamic crosslinking between gut microbiota and inflammation has been shown during aging by the
hormetic effects [50, 69]. Further study into the edible microbiome may uncover additional probiotic
strains which could have an impact of hormesis on human health [70].

5. Hormesis Beneficial for Human Health

The nutritional therapeutic approach by means of hormetic nutrients in synergy with probiotics
is appealing huge interest to the scientific community for preventing inflammation associated to
pathophysiological alterations in the gut dysbiosis [71, 72]. For example, probiotics in combination
with the use of polyphenols may bring a pliability to several inflammation [73]. Along with the
hermetic effects, the dose is a critical factor for encouraging protective/positive or harmful/negative
effects to the target with nutritional therapies. The hormesis is conveyed via the incidence of dose
responses that are biphasic with a low dose boost and a high dose inhibition. Interestingly, the low
dose stimulating responses may result in enhanced stress adaptive ability as an anti-inflammatory
effect. Applicant species of alive bacteria on raw vegetables or foods could exhibit healthy effects to
the host for an innovative nutritional approach via the modification of gut microbiota [74].
Remarkably, it has been shown that some bacteria such as Bifidobacterium sp. and/or Lactobacillus sp.
could improve/enhance memory, cognition and/or some behaviors in a wide range of neurological
diseases including anxiety and depression [75]. Through the activation of Nrf2 signaling in neuronal
cells, a low amount of hormetic nutrients intake including probiotics can promote gut and/or brain
healthy effects [76]. Hermetic nutritional therapy through probiotics that interact with DNAs as
epigenetics could also represent a complementary and alternative approach for human health [77].

In general, many hormetic papers have subsequently been recognized via the use of different
search strategies. For example, rosmarinic acid can broadly induce hormetic dose responses, which
is found in numerous fruits and vegetables, and examined in clinical trials for therapeutic
applications [78]. Besides, the evaluation of the hormetic effects from rosmarinic acid in their public
health suggestions has been described [78]. Therefore, rosmarinic acid has become commonly used
as a dietary supplement. The hormetic responses have noteworthy generalization, being independent
of the molecules, microbes, plants, and animals [79], in addition to their specific mechanisms [80].
Many valuable hormetic effects including cell protection and lifespan extension have been associated
with the low dose use of various chemical and/or biological agents [81]. Interestingly, the dose
responses pattern with Crocus sativus L. (saffron), an anti-inflammation agent against oxidative stress,
may be acting within the hormetic response framework [82]. Furthermore, several dietary nutrients
including vitamins, polyphenols, and probiotics could follow the concept of this hormesis. According
to this concept, low doses of food nutrients are cell protective by activating Nrf2 antioxidant
pathways to induce anti-inflammatory activities, while high doses of nutrients may result in toxic
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and/or induce the inhibition of those protective pathways [83]. The hormesis may be able to
orchestrate cellular flexibility to stress and/or inflammation for maintaining the cellular redox
homeostasis [83]. The field of hormetic responses is now emerging as promising therapeutic and/or
preventive approach in several diseases/disorders [83]. Consequently, hormetic probiotics can be
considered promising therapeutic agents capable of reestablishing gut homeostasis and human
health. A profound understanding of the function and composition of gut microbiota as well as their
modulation through the hormetic responses could furthermore support human well-being.

6. Discussion

Food contamination by several negative microorganisms is a major challenge to food safety
related to public health concern. The non-contact food decontamination methods such as ultraviolet
irradiation and/or microwave irradiation have advantages of easy to use and considerable
effectiveness compared with the conventional methods. Generally, ultraviolet irradiation is
appropriate for decontaminating liquid products, whereas microwave irradiation may be effective
for fruit, vegetables, and their processed products. The use of these devices should set for minimizing
damage to the nutritional and sensory quality of the treated food. Taken together, a hypothetical
device has been shown as a demonstration. (Figure 3) In the future, it would be required to explore
the comprehensive treatment technology further combining non-contact sanitary methods for
enhancing adaptability to different food matrices [84, 85].

Refrigerator

Microwave irradiation UVC irradiation

@ o

Rotation table

Figure 3. Schematic demonstration of a theoretical equipment with possible hermetic effects. The non-
contact food sanitation technologies such as UVC light and/or microwave irradiation might be
employed, which would be operated for no more than 30 seconds to avoid getting the negative effects.
The refrigeration inside the refrigerator might reduce the bacterial growth as well as the degeneration
of nutrients in foods by sanitation irradiations.

Hormetic nutrition is a new concept that developed from the wide-ranging research on the
existence of hormesis in the biomedical and/or biochemical sciences, particularly in the fields of
nutrition/diet science. Based on the concept of hormesis, high dose of positive probiotics could
nevertheless be toxic to cell, animal and/or humans directing to the progression of several
diseases/disorders linked with inflammation and oxidative stress. Some probiotics activating
intracellular signaling molecules involved in the cellular stress responses could represent an
innovative strategy to counteract the inflammation and oxidative stress. In fact, alterations in the gut
microbiota due to the certain probiotic consumption can improve the stress responses in humans [86,
87]. Therefore, it might be almost worthless to handle with raw foods for the complete sterilization
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in spite of considerable loss of nutrition, if the raw foods possibly possess beneficial
substance/bacteria for positive prebiotics/probiotics. However, there are still many issues that require
further investigation.

7. Conclusions

Some devices such as ultraviolet radiation or microwave irradiation could easily and partially
resolve the problem of the contamination of various microorganisms. Although warranting the safety
and quality of food is of importance, the incomplete pasteurization might nevertheless contribute to
the development of human health with hermetic effects.
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