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The second-largest cause of losing quality in vegetables and fruits (VFs)
is enzymatic browning (EB). As a result of polyphenol oxidases (PPOs),
EB leads to the color performance of vegetable and fruit yields. To
inhibit the activity of PPOs, chemical and physical methods have been
developed and several synthetic chemical compounds are widely used as
Anti-Browning Agents (ABA) in VFs products. In recent times, emphasis
was placed on customer-oriented food manufacturing innovations.
Customers have a tendency to encourage the usage of PPO inhibitors
that are natural and environmentally friendly. The aim of present review
is to illustrate the underlying mechanisms of PPO chemical inhibitor anti
browning action and current trends in some of these inhibitor studies.
Studies developed over the last decade have been reported and
discussed, such as Natural, chemical, physical, controlled atmosphere
and coating techniques to avoid EB. The purpose of this review article
will be to assemble and reveal an up-to-date demonstration of
browning inhibiting natural and synthetic compounds. The details
available in this review could also take to facilitate the ultimate objective
of developing new inhibitors of enzymatic browning (plant extracts,
natural and synthetic compounds) that are acceptable, healthy and
beneficial for the food industry.

Introduction

Browning has been the mechanism through which food converts brown owing to chemical

reactions inside it. The browning process is among the oxidation processes in food science
that occurs and is a remarkable subject for research in health, food, and nutrition technology
research [1]. In most vegetables and fruits VFs products and seafood like shrimp, this
reaction is considered undesirable; However, in certain foods like black tea, sauce, bread,
cocoa, coffee, and raisins, it is essential to produce a distinctive hue and taste [2]. Depending
on the mechanism, the browning reactions in foodstuff products are commonly allocated
into enzymatic and non-enzymatic browning (NEB). The NEB process causes a brown-
colored substance without needing any enzyme participating via a chemical process
containing a lone compound or numerous ingredients in food. Maillard reactions, oxidation
of ascorbic acid (AA), and caramelization are included in NEB reactions in foods, these
reactions happen typically in grouping instead of as insulated reactions since foods are
composed of complicated components [3].
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The EB reaction comprises the accomplishment of Polyphenol oxidase (PPO) present in
food. Unlike NEB, it affects the dietary values of foodstuffs. Mechanical and physical
stimulation during food peeling, wounding, and grinding transport, storage, and processing,
EB occurs and tissue will be damaged. The phenolics and PPOs present in foods are exposed
to air due to tissue deterioration, contributing to phenols being oxidized to quinones.
Consequently, these compounds and their derivative products are polymerized via many
reactants, creating an insoluble organic brown pigment called melanin [4]. Browning has
many important nutrition, technology, and economic cost implications for the food industry.
Scientists are especially interested in investigating browning control and the different ways
that can be used to enhance this inhibition and eventually increase the stability of food [5].

PPO Activity and its Prevention:
PPO (EC: 1.10.3.1) is an enzyme-containing copper that belongs to the oxidoreductases

family [6]. It is found and purified from VFs in particular quince [7], banana [8,9], pear [10]
potatoes [11], avocados [12], eggplant [13], Chinese parsley [14], water yam [15], maize [16]
and Sicilian tomatoes [17]. Since the activity of PPO is important for the control of EB, the
factors influencing the activity of PPO, comprising the sort and quantity of intracellular
phenol metabolites, pH and oxygen existence, which are aimed to reduce EB.

EB control classifies into two groups, physical and chemical. Many physical techniques
are typically used such as coating, blanching, freezing, thermal dealing, and
obstruction of oxidation. Enzymatic activity is inhibited by the denaturation of enzymes
composed of proteins [18]. Chemical Anti-browning agents (ABA) (synthetic and natural)
have been inhibited PPO activity which is commonly used in VFs products (Figure 1).
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Fig. 1: Simplified EB processes and the mechanisms for inhibition of antibrowning agents
[19].

1.Physical techniques
Coatings:

In general, coating substances have been used to prolong the life of VFs thru their
warehousing. It involves applying a layer of a certain edible substance to the surface of the
fruit. These agents' actions handel with the actions of reducing the lack of moisture and
scent, delaying improvements in color and transmission of gas, and enhancement of the
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common form of the commodity storing [20]. Agents for the coating EB may be delayed and
produce an improved browning. The general result of the application of a gel works more
effectively against EB than immersion in a bath due to the choosy permeability to gel
coatings gases [21]. To protect and preserve minimally processed fruits, edible coatings
which can be used as the coatings have to afford a full or limited barrier to moistness, 02,
and CO2, enhance mechanical handling possessions, convey additives and elude volatile
losses [22, 23].

Blanching:
The blanching of food is presented including the heat medium used: bleaching in boiling

water and/or steam; bleaching by microwave has also been carried out in recent years. The
blanching period varies based on the product, methods used, size, and state of maturity. The
enzymatic systems responsible for sensory and vitamin modifications are inactivated by this
procedure and oxidation is therefore limited. PPO's oxidative activity varies by temperature;
to reach a plateau, it depends on temperature [24]. Blanching has certain drawbacks as well.
It changes the reliability of the handled product in portion and provides a cooked flavor
sometimes. This also develops damage to nutrients and leads to the declined weight of the
product. For this last reason, by lowering nutritional and textural losses, the choice of the
optimal combination time - heat treatment temperature must be made [25].

Preservation in modified atmosphere
For the oxidation process and PPO activities, oxygen is vitally important; changing the

oxygen levels of the packaging atmosphere would seem to be a solution for controlling EB
reactions. Fresh-cut VFs are usually processed by cutting, flaking, and rinsing, physically
altering their original state [22, 26]. The physical damage and injury caused by processing
promote the levels of ethylene resulting in changes in the softness, color, and flavoring for
the duration of storage, so availability of the quality of the freshy-cut product is a significant
challenge [27, 28]. It is, possible to resist the browning reaction by eliminating oxygen. To
avoid contact with oxygen, the replacement of air with inert gas (N2 and CO2) [29]. Use of
02 impervious packaging material or dipping of food products of some other dose in a salt or
sugar solution could be used [30,31]. Table 1 provides a summarized of the various coating
solutions, blanching, and atmospheric Conservation.
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Table 1: Physical treatment on enzymatic browning

product Blanching method Effectiveness References
Mango Steam Inhibition of PPO activity [25]
All chemical properties affect by
Indian gooseberry  Hot water blanching except A.A. content and [32]
Maintains color.
Red beet Microwave Inactivation of PPO. [33]
Potato Superheated steam Thg cqmblpatlon therapy minimized [34]
variations in texture and color.
Brussels sprouts Water A processing microwave is improved [35]
Microwave/water to maintain the product possessions
Coating method
Browning is delaying too much with a
Pomegranate Starch + glycerol starch coating with seed oil [36]
Melon Pectin Mechanical risk prevention during 137]
storage
Apple Alginate Firmness loss and Prevention of EB [38]
Papaya Chitosan Stopping of browning [39]
Mushroom Aloe vera gel Both ofthem are more efficient for [40]
browning delay.
Atmosphere method
Apple Argon High Pressure EB is postponed. [41]
Changed content in O
Mushroom are balanced both thru Aftel.‘ storage, the foods are of [42]
Argon or N; maximum physical quality.
Carambole Controlled atmospheres Usage ofllow 02is pot enough to [43]
obstructive browning
L The most Remarkable result is owing
Mango oxygen combinations to a decrease in 02 [44]
Freezing:

Freezing is a procedure that is sometimes used in VFs to avoid browning reactions.
Indeed, for enzymatic reactions, freezing triggers a drop in available water. Lavelli and
Caronni (2010) [45] discovered that a water operation in the apple, the PPO activity is no
longer involved. Few studies are concerned with the enhancement of freezing as a form of
preservation, as freezing results in permanent modifications of foodstuff freezing, like loss of
firmness throughout cooling down [46]. Freezing may be a helpful process when it is not
appropriate to thaw the product. Indeed, food quality after thawing sometimes, enzymatic
reactions are altered and occur very quickly in the product. Therefore, to improve product
shelf-life, freezing may be used, but in combination with some other techniques of
preservation, such as soaking or blanching [47].

Thermal treatment:
To avoid EB, thermal methods are very effective, but this leads to a change in certain

product parameters such as flavor and texture. A major challenge in this field is finding some
non-thermal methodology. Irradiation, High hydrostatic pressure, ultrasonics, and pulsed
electric fields are the procedures studied. The prime purpose of these various ways is to
inhibit browning enzymes employing various techniques: pressure, electricity, or light.
Queiroz et al. (2008) [48] reviewed studies on these better approaches up until 2007. The
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effectiveness of thermal treatments on the browning was evaluated by measuring the color
parameters of purees from senescent plantain. The pulps were heated at 60°C for 35 min
and the reduced browning was observed [49].

2. Chemical Anti-Browning Agents
The Antioxidants /Agent Reducers.
To suppress the initiation of browning, antioxidants can react with oxygen. They are also

capable of reacting with intermediates, thus stopping the chain reaction and inhibiting the
realization of melanin. The antioxidant ABA influences are based on environmental variables
such as the composition of the atmosphere, pH, temperature, and light [50, 51]. Antioxidants
have been widely studied to avoid VFs browning [52, 53]. The single and mutual ABA
properties of AA, N-acetyl cysteine, hexylresorcinol, reduced glutathione, and L- cysteine
hydrochloride, on many fruits were investigated [54]. Better ABA activity was achieved
when both N-acetyl cysteine and reduced glutathione were combined [38]. The use of AA as
an ABA is widespread. It appears that the mechanism underlying AA relies on its decreasing
activity. While AA does not cooperate mostly with an enzyme, EB is inhibited by decreased
oxidized substrates [53]. Some studies also indicate that a decrease in the precursor
diphenols of enzymatically formed o-quinones can be attributed to the ABA function of AA
[55]. Nevertheless, the ABA property of AA may not even be powerful after applied to
freshly-cut pears. So if AA is entirely oxidized to the reduced form. Ortho-quinones can no
longer be reduced to diphenols and browning is likely to continue due to the generation of
melanin [56]. Other antioxidants such as vanillin and melatonin were reported as ABA [57].

New research has shown that swertiajaponin and maclurin in herbs are also powerful
ABA action on sliced potato [58, 59], via suppressing the generation of reactive oxygen
species (ROS) in vitro [60]. In vitro study, Maclurin limited the generation of ROS by about
80% and repressed the EB of the potato for a prolonged period of about five weeks, whereas
AA decreased it by approximately 43%. Past studies have confirmed the positive inhibitory
effect of PPO by Moraceae family extract, particularly Ficus auriculata and Morus alba. The
potent compounds consist of flavanones, flavones, and 2-arylbenzofurans [61, 62].

Table 2: Antioxidants compounds to prevent enzymatic browning

Product Compound Effectiveness References
Bean AA Reducing the browning. [63]
Pear AA+ 4-hexylresorcinol ~ Synergistic effect to inhibition of PPO [53]
Artichoke cysteine Efficient treatment to prevent browning [64]
]'Pueiiz apple Glutathione Inhibition of PPO [58]
Fruit salad Erythorbic acid Oxygen scavenger [65]
N-acetylcysteine or . . .
Pear glutathione preventing of browning reaction [54]
Quince Melatonin Antioxidant [57]
Apple Phytic acid PPO Inhibition about [66]
Chelating Agents

Because they can produce or react with their substrates with Cu *2 complexes present in
PPO, chelating compounds are indeed broadly then used to inhibit PPO activity, thereby

suppressing EB [50]. Kojic acid is a metabolite that several species of penicillium and
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Aspergillus produce. It is a powerful copper ions chelator that includes Fe*3 and Cu*2 [67].
Therefore, binding to Cu*? of kojic acid inactivates PPO. Nevertheless, Kojic acid is not
normally used in food production, presumably since of the challenging process associated
with its high cost and high price [50]. Most carboxylic acids are demonstrated to display
anti-browning activity owed to their chelating or pH-lowering influences [52, 68]. The
browning of apple slices treated with different carboxylic acids for three minutes was
controlled for three hours. Malonic, tartaric, oxalacetic and oxalic acids demonstrated heavy
inhibition of apple slice browning; moderate inhibition was observed for malic, lactic,
pyruvic, and citric acids, while the poor inhibitory effect was detected for fumaric, formic,
succinic, and acetic acid [69].

Although citric acid is not as powerful as other carboxylic acids, it has also been
extensively used in the food industry as an ABA compound [70]. General identification of the
protection, pleasurable acid taste, excessive water solubility, chelating and buffering
characteristics of citric acid is attributable to its widespread application. Citric acid is thus
applied to a variety of beverages, comprising ciders, wines, soft drinks, syrups, milk
products, jellies, and candies, to increase sourness, natural flavor, the efficacy of
antimicrobial additives, antioxidant ability and to minimize sucrose crystallization and EB
[71]. Taking into account its widespread occurrence in nature, oxalic acid and its byproducts
were being used as ABA for freshly- cut sliced apples [69], with strong ABA activity. Sodium-
EDTA is also commonly referred to as sodium salts supplied in the foodstuff manufacturing
as metal chelating substances [55]. Some chelating agents are listed in table 3.

Table 3: Chelating agents of chemical compounds to prevent enzymatic browning

Product Compound Effectiveness References

Lettuce Citric acid Noncompetitive inhibitor of PPO [72]
inhibition of PPO enzyme as

Tomato Kojic acid ) [73]
chelating agents

Apple juice, Unripe Caffeic acid Inhlbltor.y effe.ct. of browning [74]
grapes juice enzymatic activity

Loquat juice Chlorogenic acid Inactivating PPO [75]
Unripe grape juices  Gallic acid Low inhibitory effect on EB [74]
Potato puree, Apple Coumaric acid Inhibitory effect of PPO activity [76]
Lentil EDTA Inhibition of PPO activity [77]

3. Acidulants

Acidulants are also widely used as ABA, particularly those that occur naturally in the
tissues, and ascorbic, malic, citric, and phosphoric acids are composed. At pH 6-7, PPO is
generally active, inactive, though below pH3. Decreasing the pH by acidulants and thus
decrease PPQO's activity of an enzyme. [78, 79]. The EB of sugar cane juice, when treated with
ascorbate or citrate, was efficiently inhibited below pH 4. Citric acid and
malic acids have been identified as the main chemicals that can inhibit banana PPO activity
through further analysis of the fraction immediately eluted, [80]. Although tartaric acidifying
agents contain acetic and malonic acids., they are seldom used alone to prevent EB. Other
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ABA, inhibitors of metabolites, such as vitamins, chelating agents and are often used to treat
the acidifying agents [78, 52]. Some acidulants are recorded in table 4

Table 4: Acidulants of chemical compounds effect on enzymatic browning

Product Compound Effectiveness References
Apple Oxaloacetic acid
Apple LaCtlF ac1§1 Inhibitory effects on EB because
Apple Pyruvic acid of lowering pH [69]
Apple Formic acid
Unripe grapes juice Malic acid

4. Cyclodextrins (CD):

Naturally, cyclodextrins are cyclic oligosaccharides creating from six, seven, or 8
connected monosaccharide glucose by (1-4) glycosidic bonds [81]. The use of CDs was
suggested for the EB control in apple products [82]. In comparison to banana, sugarcane,
and guava fruit juices, the pineapple, apple, and pear showed a better effect [83]. In the
presence of maltosyl-b-CD, the color of fresh apple juice was evaluated. The effectiveness of
CD as a browning inhibitor was determined by the difference between the colors observed in
the CD-treated sample and the controls. The addition of the CD decelerated the EB of apple
juice [84]. For their ability to bind non-covalently with PPO and their effect on enzyme
activity, polysaccharides differing in structure and chemical nature were tested. PPO was
inhibited by all selected polysaccharides, but CD showed maximum inhibition under
optimum conditions. Other applications of CD as ABA consideration has been paid to
compounds in fruit juices [85]. Various The evolution of color parameters of various fruit
juices, such as peach juices, has been examined on CD [86], and grape [87]. The data shows
that with PPO substrates, CD can form complexes, eliminating their oxidation to quinones
and eventual polymerization to brown pigments. [85].

5. Natural Anti-Browning Agents
Honey:

Honey is an excellent eatable coating agent because it is delicious and has antioxidant

qualities that may well resist EB in freshly-cut fruit [20]. Ates et al,, (2001) [88] indicated
that PPO extracted from a fungus can inhibit by a peptide in honey. Honey has been shown to
inhibit browning activity in raisins as an effective ABA [89], for freshly cutting mango [22],
persimmon [26, 69], and apple [90]. The effects of honey dips with CaCl2 on the quality of
nectarines have been investigated. Freshly-cut nectarine PPO activity starts to change on the
day. Because the fresh-cut, browning, and darkening were not evident Day1, reduced the
activity by dipping in honey solution 50% compared to a control sample, of PPO [91].
Inhibition parameters were reported for honey on ginger PPO. A 5% (w/v) of honey
exhibited (42.57%) inhibition. With the rise in honey concentrations with all substrates
used, there was an increase in the inhibition ratio [92].
Honey was considered by Gacche et al. (2009) [93] to be PPO activity inhibitor. Besides, Jeon and
Zhao (2005) [90] study, honey was found to have an inhibitory effect against superoxide radicals,
contributing to the EB reaction. being inhibited. The investigation of browning inhibition in apple
slices, grape juice was observed [94, 95]. The mechanism varies depending on the diversity using of
honey, PPO origin and the substrates used to inhibit PPO [96]. Haard and Simpson (2000) [97]
showed that honey behaves as a chelating agent to inhibiting PPO. A short peptide has a molecular
mass of 600 found in honey may therefore inactivate the enzyme from the active site of PPO by
chelating copper. Also, its antioxidant properties have been shown by a high number of a compound
such as flavonoids, phenolic acids and vitamins found in honey [98].
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Rice bran:
Rice bran is a by-product of the rice milling process [99]. Rice bran is a source of

numerous nutrients such as proteins, peptides, and several amino acids that have
antioxidant properties, especially glutamic, asparagine, taurine, and glutamine [100, 101].
Kahn (1985) [102] reported that protein at the active site of PPO could inhibit EB by
reacting with quinone to form colorless complexes or by direct inhibition of the enzyme and
forming stable complexes with Cu2+. The EB inhibition of potato puree may involve cysteine
and histidine that have shown high chelating activity and have been found in rice bran
protein [101, 103]. The effect of rice bran protein extract (RBPE) on EB inhibition in
vegetable and fruit puree has been investigated. In potato puree, RBPE showed the highest
browning inhibition percentage, followed by apple and banana puree, respectively. At pH
4.0 and 5.0, RBPE inhibited browning and PPO inhibition compared to those at 6.0 and 7.0.
RBPE, therefore, has the potential to be used in the industry as a natural ABA [104].

For their ability to inhibit EB in potatoes and apples, full-fatted rice bran extracts were
evaluated and showed a more efficient inhibition of PPO compared to defatted. HPLC has
identified five phenolic compounds in both (protocatechuic acid, vanillic acid, p-coumaric
acid, ferulic acid, and sinapic acid) [76]. Using alkali extraction, the protein was extracted
from defatted rice bran (Oryza sativa L.) The effect of its protein fractions on inhibition of EB
in potato puree was investigated. The albumin fraction inhibited browning to a level similar
to the fraction of glutelin, but among all the fractions, the former had the highest inhibition
of potato PPO [105].

Onion:

Onion has numerous advantages as a healthy food because containing anthocyanins,
kaempferol, quercetin as different functional compounds, isorhamnetin, and sulphoxides of
cysteine as alkyl cysteine [106]. Also, it has been reported that onion extracts suppress EB of
potato by inhibiting PPO activity. The browning of potatoes can not only be prevented by
heated one but the fresh extract of onions also. The heated extract of onions appears to be
more potent than the fresh ones. Depending on the heating temperature, the ABA effect on
potato PPO by the onion extract was significant. Together, heat treatment and onion adding
appear to assist as a positive approach to enhancing the color of apple juice and its
nutritious content. However, apple juice when heated with onion shows not enriched values
for these parameters only, but also improved values for those parameters significantly
increased flavonoid concentrations [107]. The EB of pears was also suppressed by onion
extracts. Onion extract based on water inhibited significantly pear PPO activity and was
advance suppressed by the heated one and the inhibition was noncompetitive [108].

The inhibitory effect of ginger PPO activity was studied by onion extracts. The for both 4-
methyl catechol and pyrocatechol, heated extracts displayed a greater percentage of
inhibition than nonheated extracts. It can be inferred that the ability of enzyme binding to
substrates greater than fresh extracts may have been decreased by heated extracts [92].
Both heated and unheated onion extracts were found to exhibit similar inhibition types,
which were mixed-type inhibitions. However, yam PPO was competitively inhibited [109]
and cassava leaves PPO was non-competitively inhibited were found to have onion [110].
Onions have a thiol or sulthydryl group that can interfere with PPO catalytic activity by
binding copper at the active site of PPO. The antioxidant capacity of the flavonoid compound
and thiol groups found in onions has been recognized, which can help control browning
reactions also [111]. Heating has been suggested to significantly increase the functionality of
onions, including the concentration of polyphenols, the activity of antioxidants, and the
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capacity of metal-chelating [108, 112]. Besides, the supplementation of D-glucose and L-
glycine further enhanced the suppressive influence of onion extract against enzymes [113].

Others natural ABA:

Unripe grapes have been shown to they contain greater amounts of polyphenols than
ripened grapes. It has been reported that after making wines, three to six million tons of
grape pomace every year have been generated. In addition, unripe grapes have been found
to produce higher amounts of polyphenols than those of the ripened ones [114]. The largest
antioxidant, ferric reduction, and anti-browning capabilities were shown by Merlot grapes
[74]. Unripe grapes are likely to derive beneficial effects from their content of flavanol
(epicatechin, catechin, epigallocatechin, and gallate) as well as phenolic compounds (caffeic,
gallic, and chlorogenic acids). Caftaric acid competitively inhibited the activity of PPO among
the main components and the inhibitory activity was greater than chlorogenic and caffeic
acids [114].

Pineapple is a world-renowned fruit crop consumed fresh or in different refined ways. It
is the type of the most widely used pineapple products due to its delicious flavor.
Interestingly, the juice of pineapple is used to treatment browning as an agent. (Lozano et al.
1993) observed [115] that pineapple juice was relabeled to sulfite, a commonly used
inhibitor for inhibiting fresh and dry apple rings from EB. Using various size pineapple juice
prevented the EB of crude apple extracts by at least 26%. The browning of banana slices was
significantly suppressed by pineapple juice. The influence was an acceptable comparison to
8 mM of AA. Malic and citric acids were confirmed by much more extensive analysis of the
instantly eluted fraction as the main bioactive capable of [80, 115].

The effects of lemon juice on the browning sample of pastry dough were explored in a
study. ABA a citric and AA effects of lemon juice were observed when added 5g of lemon
juice on the dough of pastry. The authors assumed that in lemon juice, citric and AA bind to
the active center are associated with the greater ABA potential of lemon juice [116].

Fruits like rambutan and longan from Sapindaceae, which account for 24.9-40.7% and
52.9-74.7% of the entire fruit on a fresh weight basis, a significant amount of by-products
are generated annually. While there are several functional components among these by-
products, which are discarded as waste compounds, excluding corilagin, ellagic acid, gallic
acid, and geraniin [117]. Previous researchers have documented the inhibitory actions of
Longan seed and peel extracts on PPO. The antioxidant function of the peel of longan occurs
to be contributing to PPO inhibitory action [118]. Longan seed aqueous and ethanolic extract
also inhibited the activity of PPO by more than 60 % [119].

During fruit thinning, generated of by-products too, which are essential to increase the
remaining fruit size, reduce the risk of limb breakage, and avoidance of an alternative
bearing cycle. There has been a considerable amount of time and expense has been invested
in this process [120]. Thinned fruits are typically abandoned, though. Therefore, these by-
products were used to gives the agricultural and food industries extra profit. Efforts have
been underway to clarify new ways of using thinned fruits as ABA. A study illustrated the
probable suppression of the EB catalyzed by PPO reaction through exposure to wreaked
nectarine. The study indicated nectarine thinning extracts inhibited PPO derived from
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mushrooms. Thinned nectarine extract effectively suppresses EB during 8 days of storage,
minimally treated peaches [121].

In addition, a low-cost by-product of tomato skin with a large content of lycopene and
maybe contain a lycopene content about 14times greater than that of internal tissues [122].
Moreover, it has a high ability to be integrated. in the ABA treatments as an antioxidant
agent. The lycopene microspheres were successfully used in a study to prevent EB and
increase the fresh-cut apples' dietary consistency. In combination with TiO2 nanoparticles,
heat extraction of lycopene from the skin of tomatoes achieves an excellent yield of lycopene
extraction, with cis-lycopene isomers prevalent. In contrast, the integration of lycopene
microspheres improved the beneficial properties of apples, demonstrating an improvement
in phenolic compounds of up to 56 percent [123].

Table 5. Study influence fruits and vegetables by natural anti-browning agents

Product Compound Effectiveness References
Onion Pear juice Reduced browning by inhibition of
PPO [124]
Pine-apple Banana slice Effective by PPO inhibition [80]
Lemon Pastry dough  Prevention of EB [116]
Unripe grape Caffeic acid Inhibition of PPO competitively [114]
Tomato skin Apple Browning is reduced and even raised (123]
some bioactive compounds
Tartary Potato Antioxidant
buckwheat [125]
Grape juice o . [95]
Honey Persimmon PPO inhibition, and antioxidant [26]
Rice brane Potato puree  Antioxidant proportion of some [105]

amino acids

6.Toxic anti-browning agent

The most prevalent procedure used during browning control in the food and beverage
industries is the addition of sulfating agents. Sulfites are generally used to prevent potatoes,
apples, mushrooms, and other fruits and vegetables from browning. Reducing the o-
quinones produced by PPO catalysis is the major impact of sulfites on enzymatic browning.
Even if sulfites are so very capable of inhibiting other enzymatic browning reactions, they
are used for foods and drinks is correlated with several negative features. Sulfites,
particularly in some sensitive people, such as steroid-dependent asthmatics, are known to
cause adverse health effects. Among this highly sensitive group, several deaths have resulted
from the consumption of sulfurized foods. Sulfites can also release sulfur dioxide gas, in
certain foods that harm the flavor of the handled product [126, 127].

Conclusion:

To ensure the quality of VF products, the advancement of anti-browning agents in the
nutrition sector is essential. Predominantly, in terms of developing anti-browning agents,
efficiency and price are important considerations. Recent trends in anti-browning agents,
that being said, need to serve the customers who request care to natural sources, healthiness
effects, and sustainability. Food ingredients, such as onion, lemon and grape, and diverse
other nutritional supplements, were already considered for anti-browning characteristics.
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Most of them inhibit PPOs greatly and show biological activity. In addition, efforts are
ongoing to clarify the anti-browning activities of food by-products and residues.
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