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Abstract: Once harvested, fruit continue to respire, which is further exacerbated by elevated 

temperatures in the field and during transport to packhouses. This favors the proliferation of 

pathogens, which is detrimental to the postharvest fruit quality and, consequently, results in a 

decrease in the fruit shelf life. The aim of this review is to highlight the common citrus postharvest 

disorders and the various pre-packaging treatments that can be used to alleviate such disorders and 

promote fruit quality. Hot water, surface coatings, ultra-violet irradiation, chlorine (hypochlorous), 

salt treatments and microbial antagonists have been beneficial in maintaining the citrus quality and 

reducing the prevalence of postharvest decay. Environmentally friendly anolyte water has also 

proven to be a favourable postharvest treatment. Integrated treatments, such as hot water treatments 

and chlorine disinfection, have been successfully used in the global citrus industry. The use of 

integrated pre-packaging treatments improved the quality and shelf life of citrus, compared to 

individual treatments. An effective combination of pre-packaging treatments should include: (1) 

disinfectant; (2) curative and (3) preventive treatments to control pre- and postharvest pathogens. 
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1. Introduction 

The aesthetics of citrus fruit has a significant effect on the consumer’s decision to purchase [1]. 

However, the aesthetics and nutritional characteristics of citrus are negatively affected by pathogenic 
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disorders and postharvest handling. Unsuitable fruit handling leads to hastened physiological 

deterioration, which can manifest in the proliferation of microbiological activity, and accelerated 

ripening and decay. This can have further market related consequences, resulting in reduced income 

generation by farmers and a negative importer perception toward exporting countries. Many studies 

have identified Penicillium digitatum and Penicillium italicum to be the most severe postharvest 

fungal pathogens affecting citrus [2–4]. Fungicides have commonly been used to address these 

problems. However, more environmentally friendly treatments are being sought due to the 

development of fungal resistance to fungicides, and the growing public demand for safer foods [5,6]. 

Exposure of citrus fruit to field heat and ambient conditions during transport from the orchard to the 

packhouse exacerbates the deterioration process by further increasing fruit temperature, promoting 

microbial proliferation [7,8]. The use of pre-packaging treatments, such as hot water, surface 

coatings, ultra-violet irradiation, chlorinated water, biocontrol agents, and carbonate and bicarbonate 

salts were found to be beneficial in maintaining the postharvest quality of citrus fruit [4,9,10]. Heat 

treatments have been found to induce fruit tolerance against cold injury and pathogens due to the 

development of heat shock proteins [5]. The application of surface coatings or waxes promotes the 

aesthetic appeal of the fruit and reduces the loss of moisture, thereby extending the fruit shelf life [11]. 

Ultra-violet irradiation reduces decay in citrus fruit due to its germicidal effect and its ability to 

induce the fruit’s tolerance to decay [5]. Treatment of citrus with carbonate and bicarbonate salts can 

delay postharvest decay by activating the fruit’s defense mechanism [4]. Similarly, the use of 

chlorine (hypochlorite) as a disinfectant has also extended the citrus fruit shelf life and is widely used 

in the fruit industry [12,13]. Biocontrol agents have been used as an alternative to synthetic 

fungicides to alleviate postharvest decay [14,15]. Anolyte water has demonstrated strong 

germicidal and disinfecting characteristics when applied to tangerine [16]. These pre-packaging 

treatments have been used with success as individual treatments but more so, the combined effect 

of a number of these pre-packaging treatments have been beneficial in extending the shelf life of 

citrus [5,17,18,19–21]. The aim of this review was to determine the most prevalent form of 

pre-packaging treatments to reduce the onset and proliferation of common diseases affecting 

citrus fruit. 

2. Disorders affecting citrus quality 

2.1. Impact of harvesting techniques 

Citrus fruit can be classified as being non-climacteric, with low rates of respiration and ethylene 

evolution during the ripening stage [22–24]. This allows for extended storage periods of six to eight 

weeks (variety dependent) [22,24]. Li et al. [24] observed that after harvest, under ambient conditions, 

citrus fruit can lose excessive moisture and become wrinkly. Grierson and Ben-Yehoshua [25] identified 

harvesting as being the single most critical factor influencing fruit quality during storage and 

transportation. Citrus fruit are unable to ripen once harvested unripe and, therefore, they should be 

picked when fully ripe [23,26]. The onset of postharvest decay in citrus fruit is largely dependent on 

cultural practices, such as the method and time of harvest, and pre- and postharvest factors [13,27]. 

Once harvested, the fruit become more susceptible to microbiological infections as it is detached 

from the plant [27]. McGuire and Reeder [28] found that late and early season grapefruit succumbed 

to greater damage (scalding) when exposed to air heated to 46 ℃, 48 ℃, and 50 ℃ for three, five or 
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seven hours, compared to mid-season fruit after harvest. This could be attributed to early season fruit 

having immature skins and late season fruit already beginning to senesce. Dessert lemons and blood 

oranges are most susceptible to chilling injury when harvested early in the season [29,30].  

Currently citrus harvesting is done manually by hand as this method results in the least damage 

to the fruit, which minimises the risk of early decay and inferior postharvest quality [31,32]. 

Mechanical harvesting in the citrus industry has not been a prominent feature because it lacks the 

flexibility and fruit selection ability of manual harvesting [32]. However, more automated systems 

employing the desired selection criteria for individual citrus fruit have been developed by Jimenez et 

al. [33]. Kumquat fruit stems are clipped rather than snapped because the latter may induce fruit 

injury. Fruit that are yellow to orange are ready to be picked [34]. A small portion of the pedicel is 

still attached to the kumquat because it cannot easily be removed without injuring the fruit. However, 

it is this portion of the stem that regularly causes injury to adjacent fruit in containers, which hastens 

fruit deterioration [13]. This problem requires research to be conducted to optimise kumquat 

harvesting. The pickers also play a pivotal role by practicing hygienic methods of harvesting to 

prevent Escherichia coli contamination of fruit [35]. This can be addressed by providing pickers with 

portable toilets, a suitable disinfectant and water. Pickers should also avoid picking fruit from the 

ground to minimise infection as the fruit may have been damaged when it fell to the ground. 

2.1.1. Pathological and physiological disorders 

Harvested commodities need to be cleaned of any dirt, debris, insects and synthetic chemicals 

prior to packaging to extend the shelf life and for greater aesthetic appeal to consumer [36]. Porat et 

al. [22] identified two factors that limit the postharvest shelf life of citrus: (1) pathological 

breakdown and (2) physiological breakdown. Physiological disorders are as a result of a malfunction 

of the fruit physiological processes due to abiotic stresses such as temperature, relative humidity and 

chemicals [23]. Pathological decay is caused by fungi or bacteria, which weaken the fruit and affect 

its ability to ripen properly [23,37]. Droby et al. [38], Ladaniya [23], Schirra et al. [39], 

Gomez-Sanchis et al. [40], Altieri et al. [3], and Youssef et al. [4] have all identified Penicillium 

digitatum and Penicillium italicum as the most severe postharvest pathological infections affecting 

citrus fruit. Similarly, Chalutz et al. [41]; cited by Schirra et al. [39], noted that citrus fruit are 

susceptible to rapid decay due to infection caused by Penicillium pathogens. Citrus fruit under 

ambient conditions are mainly susceptible to green mould caused by P. digitatum Sacc., which may 

result in 60–80% fruit decay while blue mould is a result of P. italicum Wehmer exhibited by fruit 

stored under cold storage (Figure 1 (a)). Citrus black spot (CBS), Guignardia citricarpa, has, in the 

past, contaminated South African citrus exports to the European Union (EU) after the disease was 

detected in some of the shipments, as explained by Mokomele [42]. As of 29 November 2013, the 

Standing Committee on Plant Health stated that only citrus from areas free of CBS in South Africa 

could be exported to the EU for that particular season (Mokomele, 2013). However, according to 

Yonowa et al. [43] the CLIMEX model, which simulates an organism’s response to a particular 

climate worldwide, showed that CBS poses an exceedingly low risk to the citrus producing regions 

in Europe. Figure 1 (b) illustrates freckle spot caused by CBS. 
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Figure 1. (a) Green mould caused by Penicillium digitatutm and blue mould caused by 

Penicillium italicum and (b) freckle spot caused by citrus black spot [44]. 

Sour rot (Geotrichum candidum) has also been described as a postharvest disease resulting in 

significant losses in citrus fruit [45,46]. Losses are particularly greater during the wet season and fruit 

degreening [46]. Sour rot requires open wounds on the citrus fruit for entry and proliferation [23,46]. 

Stem-end rind breakdown is classified as a physiological disorder, which can be attributed to an 

imbalance in potassium and nitrogen. However, its development is dependent on the handling 

procedures between picking and packaging [47]. This disorder results in the collapse and darkening 

of the epidermal tissue around the stem-end of the fruit. The loss in fruit moisture promotes stem-end 

rot [47–49]. Grierson [47] recommends that fruit be transported immediately after harvest to the 

packhouse and maintained at high relative humidity (>90%). Furthermore, during pre-treatment, 

brush applicator speeds should not exceed 100 rpm [47]. Table 1 lists some of the pathological and 

physiological diseases and disorders common to citrus fruit. 

3. Postharvest quality of citrus 

3.1. Physical quality parameters 

3.1.1. Skin colour 

The colour perception of citrus fruit is an important factor in determining a customer’s 

willingness to purchase [68,69]. Colour measurement can be carried out either subjectively or 

objectively, as in the case of firmness (Section 3.1.3). Subjective colour measurement is determined 

visually by eye. Ladaniya [23] describes a colour scale system, which divides samples into different 

colour categories of deep green, light green, yellowish-green, greenish-yellow, yellowish-orange, 

orange, and deep orange. This scale may vary depending on the citrus cultivar. Objective colour 

measurements make use of calibrated equipment such as colour meters [70]. The parameters 

associated with colour include L (lightness or brightness), a* (redness or greenness), b* (yellowness 

or blueness), hue and chroma [70]. The colour change in citrus fruit can be attributed to the 

conversion of chloroplasts to chromoplasts, resulting in a loss of chlorophyll and the synthesis of 

carotenoids [68,69,71,72]. Ortiz [71] attributed the yellow colour in citrus to carotenes and 

xanthophylls, and the reddish colour to anthocyanin. The application of exogenous ethylene during 

the process of degreening has been found to accelerate the development of carotenoids in citrus fruit 

and to improve colour development [73,74]. Rodov et al. [75] found that hot water brushing of citrus 

fruit at 60 ℃ delayed the colour change from green to yellow by two weeks. This could be due to the 
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production of heat shock proteins, which inhibit senescence. Smilanick et al. [76] found that the 

postharvest application of sodium bicarbonate, either alone or in combination with thiabendazole 

fungicide, resulted in a detectable but minor delay in the colour change during the process of degreening. 

3.1.2. Weight loss 

Weight loss is an important factor in citrus fruit deterioration and is often accompanied by a 

decrease in firmness [77]. Citrus fruit have a high moisture content in both the pulp and peel [78,79]. 

The loss of moisture via transpiration and respiration occur rapidly after harvest, promoting fruit 

decay [41,80]. Much of the moisture is lost from the peel tissue, leading to shrivelling, shrinkage, 

softening and deformation, affecting the fruit appearance. The weight loss in heat-treated mandarins 

was significantly lower than in ultra-violet (UV) irradiated fruit [81]. The use of waxes reduces the 

loss in moisture in many horticultural crops [78,82,83]. However, over-waxing can lead to 

off-flavours and odours [80,82]. Cohen et al. [84] found that the use of water-based polyethylene 

waxes on Murcott tangerines reduced the weight loss but also led to an inferior taste, compared to 

un-waxed fruit. According to Ben-Yehoshua et al. [85], waxes block the stomatal pores, hindering 

gas exchange to a greater extent than moisture. It was further observed that individually wrapping 

oranges and grapefruit in high density polyethylene films reduced moisture loss by 90% without 

detrimentally restricting gas exchange, compared to waxing. Kumquat fruit dipped in hot water (53 ℃ 

for 120 seconds) displayed a lower weight loss, compared to control samples [86]. Heat treatments have a 

profound effect in reducing weight loss of citrus fruit. Fruit moisture loss, due to the vapour pressure 

deficit at the time between harvest and packing, leads to an increase in the incidence of pitting [87]. 

3.1.3. Firmness 

Fruit firmness is a mechanical property which can be defined as the resistance to puncture 

and/or deformation. Fruit firmness is often used as a criterion to determine the effects of storage and 

shelf life [69]. Firmness tests include puncture resistance, compression, creep, impact and sonic tests [88]. 

Instruments commonly used to measure citrus firmness include texture analysers, and handheld 

penetrometers, which constitutes objective methods. Subjective techniques include hand-feel and 

acoustic response measurements [23,88,89]. The peel of the citrus fruit is composed of the 

flavedo (exterior coloured portion) and the albedo (white inner portion), which resists exerted forces. 

Beneath the peel are segments composed of juice sacs or juice vesicles, which offer minimal 

resistance to applied forces. With an increasing moisture loss, the peel becomes tough and leathery. 

Heat-treated mandarins resulted in superior fruit firmness, compared to UV treated samples [81]. 

Similar results were obtained by Rodov et al. [75], where hot water dipping (52 ℃ for 120 seconds) 

and hot water brushing (60 ℃) resulted in firmer fruit than non-treated samples. Citrus fruit coated 

with chitosan wax and those treated with thiabendazole fungicide were firmer, compared to control 

samples, after 56 days of storage at 15 ℃ [78].  

Citrus fruit firmness primarily depends on cell turgidity, which is associated with the moisture 

content. Rodov et al. [75,86] observed that heat treatments assist in redistributing the natural 

epicuticular wax, which seals microscopic cracks, preventing the escape of moisture, promoting cell 

turgidity and firmer fruit. Heat treatments may also improve fruit firmness by inhibiting enzyme 

activity involved in fruit softening or by cell wall strengthening (lignification). 
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Table 1. Summary of diseases and physiological disorders of citrus fruit. 

Disease classification Citrus cultivar Disease/physiological 

disorder 

Symptoms Additional information Prevention/remedy/control Reference 

Pre-harvest 

Bacterial disease All citrus cultivars but 

may differ in the 

degree of susceptibility 

Asiatic citrus canker 

caused by 

Xanthomonas 

axonopodis pv.citri 

(Xac A) 

Raised lesion appearing on leaves, 

corky/ scab-like lesions on the fruit, 

premature fruit drop and poor fruit 

quality 

Affects citrus trees. Areas that are 

susceptible experience high 

rainfall and humidity 

Plants own defense mechanism, 

cultural practices, such as wind 

breaks, copper sprays 

Stall (1988); Khalaf et al. (2007) 

Fungal disease in nursery 

and orchards (affecting 

the fruit) 

All citrus, mainly 

affecting orange, 

mandarin, lemon, and 

grapefruit 

Black spot caused by 

Guignardia citricarpa 

(Kiely) 

Premature fruit abscission. The four 

catagories of symptoms are (1) hard 

spot, (2) freckle spot, (3) virulent or 

spreading, and (4) false melanose or 

speckled blotch 

Symptoms may appear during late 

stages fruit development or after 

harvest. Symptoms vary among 

cultivars 

Removal of infected trees and fruit 

from orchards, copper fungicides, 

spore trapping, fruit maintained at 

below 20 ℃ after harvest 

Kotze (1988); Korf et al. (2001); 

Bonants et al. (2003); Yonowa et al. 

(2013) 

Postharvest 

Postharvest fungal 

disease 

All citrus Blue mould caused by 

Penicillium italicum 

Wehmer 

Diseased tissue appears to be soft, 

watery and discoloured. Formation 

of a white powdery growth forms on 

lesions and develops into a mass of 

blue spores 

Healthy fruit can be infected due to 

the movement of spores 

Application of synthetic fungicides, 

hot water treatment, sodium 

carbonate, and sodium bicarbonate 

Brown and Eckert (1988a); Palou et 

al. (2002); Venditti et al. (2005) 

Postharvest fungal 

disease 

All citrus Green mould caused by 

Penicillium digitatum 

(Pers.:Fr.) 

Sacc. 

The initial symptoms are similar to 

that of blue mould. The fruit 

becomes enveloped in a mass of 

olive green spores 

Wounding during harvesting and 

postharvest handling initiates the 

action of this pathogen. Healthy fruit 

can be infected due to the movement 

of spores 

Application of synthetic fungicides, 

hot water treatment, sodium 

carbonate, and sodium bicarbonate 

Brown and Eckert (1988b); Smilanick 

et al. (1997); Smilanick et al. (1999); 

Pavoncello et al. (2001); Palou et al. 

(2002); Venditti et al., 2005, Youssef 

et al. (2014) 

Continued on next page 
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Disease classification Citrus cultivar Disease/physiological 

disorder 

Symptoms Additional information Prevention/remedy/control Reference 

Postharvest fungal 

disease 

All citrus, 

particularly 

Geotrichum candidum Light to dark yellow water-soaked, 

raised lesions. White or cream 

mycelium may appear 

Sour rot is stimulated by the presence 

of green mould 

Preventing fruit contact with the soil 

during harvest. Delayed harvesting 

till later in the day. Minimizing fruit 

storage temperatures 

Mercier and Smilanick, 2005; 

Smilanick et al., 2005; Ladaniya, 

2008; Talibi et al., 2012 

Postharvest fungal 

disease 

All citrus Stem-end rot caused by 

Diplodia natalensis P. 

Evans 

The fungus starts at the stem and 

penetrates the rind and core. Decay 

is uneven and resembles finger-like 

projections of brown tissue. 

Mycelium form at the advanced 

stage of infection 

Citrus that have been degreened 

using ethylene (5–10 µl.L
−1

) are 

particularly susceptible. 

Temperatures in excess of 21 ℃ 

promote fungal growth 

The use of fungicides before and 

after degreening. 

Immediate cooling after packing 

 

Brown (1986); Brown and Eckert 

(1988c); Brown and Lee (1993); 

Zhang and Swingle (2005) 

Rind disorders All cultivars, but 

mainly grapefruit, 

lemons and lime 

Rind disorder caused by 

chilling injury 

Browning of the flavedo, albedo and 

dark, sunken tissue 

Chilling injury is a result of exposing 

the fruit to too low temperatures 

before and/or after harvest 

Heat treatments, intermittent 

warming, temperature conditioning, 

application of a wax, modified 

atmosphere packaging 

Wardowski (1988a); Porat et al. 

(2004); Sapitnitskaya et al. (2006)  

Stem-end rind 

breakdown 

All cultivars but 

mainly in oranges 

Rind disorder caused by 

aging. 

Darkening and collapsing of the rind 

around the stem-end 

Can result from an imbalance in 

potassium and nitrogen. Stem-end 

breakdown is associated with 

moisture loss and occurs mainly in 

thin-skinned small fruit. Symptoms 

usually occur two to seven days after 

packing 

Maintaining high humidity 

environments, harvested fruit should 

be protected against heat and water 

loss, which can be achieved by use 

of a wax 

Grierson (1986); Wardowski (1988b); 

Ritenour et al. (2004) 
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3.2. Chemical quality parameters 

3.2.1. Total titratable acid 

Organic acids play a major role in the organoleptic characteristics of citrus fruit. Citric 

acid accounts for approximately 80–95% of the total titratable acids (TTA) in citrus fruit [23]. 

Generally, there is a decrease in the TTA of citrus fruit during ripening, depending on the 

cultivar [23,68,71,90,91]. This can be attributed to the catabolism of citric acid as well as an increase 

in the total sugars, resulting in mature fruit having lower acidity [72]. Sadka et al. [90] found that a 

high acid content in mature citrus fruit can reduce the quality and delay harvest. The method 

commonly used to measure TTA is titration [23,92,93]. Other advanced methods make use of 

magnetic resonance [88]. Purvis [80] found that the acid content in grapefruit and oranges decreased 

during storage. Similarly, Baldwin et al. [94] observed a decrease in the citric acid of oranges after 

four weeks of storage. The TTA in fresh cut oranges stored at 4 ℃ was found to decrease from 0.46% 

to 0.29% over a 13-day storage period [95]. Hong et al. [93] found that heat-treated mandarins did 

not display a significant change in the TTA. 

3.2.2. Total soluble solids 

The total soluble solids (TSS) of citrus fruit contribute approximately 10–20% of the fresh 

weight. About 70–80% of the TSS are carbohydrates [72]. Other minor constituents of TSS include 

organic acids, proteins, lipids and minerals [23,68,72]. TSS determination is based on the refractive 

index of the fruit juice using a refractometer. Rodov et al. [75] found a gradual increase in the TSS of 

citrus fruit during storage. This is due to the loss in moisture resulting in an increase in the solute 

concentration. D’hallewin et al. [81] found that the TSS in heat-treated (36 ℃ for 72 hours) and 

UV-treated (24 nm) Avana mandarins were lower than control samples at 7.85, 7.63 and 8.02 °Brix, 

respectively. Baldwin et al. [94] found that coated oranges had a slightly lower TSS, compared to 

uncoated fruit stored at 16 ℃ or 21 ℃; however, this was not significant. Purvis [80] did not find 

any significant change in the TSS of waxed oranges and grapefruit. Contrary to these observations, 

Hong et al. [93] found a decrease in the TSS, which was attributed to consumption of sugars and 

organic acids for plant metabolism in mandarins during storage. 

3.2.3. Maturity index 

Commercial maturity indices are essential in determining the best time for harvest. However, 

this is dependent on the citrus species and varieties and on external factors such as growing regions 

and destination [96]. The maturity index can be determined by the ratio of TSS:TTA [68,71,72,81]. 

This serves as an indication of the commercial maturity of oranges, mandarins, grapefruit, pummelos 

and their hybrids [23]. The maturity index is also used to determine the relative sweetness or 

sourness of citrus fruit. The maturity index tends to increase due to the increase in the soluble solids 

and the decrease in the organic acids [68]. Higher ratios generally imply a decrease in the acidity; 

however, this is dependent on the contributions of both TSS and TTA. The highest maturity index of 

Avana mandarins was observed for heat treatments at 36 ℃ for 72 hours (16.77), compared to UV 
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treatment (15.48) [81]. The maturity index for an acceptable flavour quality in grapefruit, mandarin 

and orange were found to be approximately 6+, 8+ and 8+, respectively [26]. The juice content can 

also be used as a maturity indicator [96]. As the fruit ripens and matures, the juiciness increases to 

reach a maximum value at full maturity, thereafter decreasing. Lado et al. [96] has mentioned that it 

is important to differentiate between commercial maturity and physiological maturity with regard to 

the market. Bearing this in mind it was also mentioned to perhaps introduce ‘nutritional’ and 

‘sensorial’ harvest indices to cater for the flavor and health attributes for marketability. 

3.3. Microbiological quality parameters 

3.3.1. Penicillium digitatum and Penicillium italicum 

Citrus fruit treated by hot water dipping at 52 ℃ for 120 seconds, or thiabendazole wax, or 

curing at 36 ℃ for 72 hours, all controlled the development of Penicillium moulds [75]. The 

incidence of citrus decay was also reduced by hot drench brushing treatments at 56 or 60 ℃. Similar 

results were obtained for kumquats in which fruit were dipped in water at 52 ℃ for 120 seconds. 

This effectively reduced decay during four weeks of storage [75]. Hot water brushing for 20 seconds 

at 56 ℃ reduced decay development due to P. digitatum by 80% [9]. The optimum curing 

temperature inhibiting P. digitatum growth in oranges was found to be 35 ℃ for 48 hours. However, 

this resulted in an increase in the occurrence of stem-end rot after two weeks [65]. The 

application of 500–2000 mg.L
−1

 of fludioxonil fungicide reduced the presence of green mould [6]. 

Ultra-violet-C (UV-C) irradiation has also shown to significantly reduce the incidence of blue and 

green mould. However, the risk of over dosage may lead to the development of phytotoxicity [97]. 

3.3.2. Citrus black spot 

Citrus black spot (CBS) caused by Guignardia citricarpa (Kiely), attacks the citrus fruit and 

foliage, resulting in unsuitable fruit for the fresh market [43,53]. Infection occurs via both pycnidia 

and ascospores, which may be present on infected leaves on the orchard floor [17]. CBS has usually 

been controlled with copper fungicides. However, this leads to darkening of citrus blemishes and an 

undesirable accumulation of copper in the soil [98]. Agostini et al. [99] found that postharvest 

fungicide treatments alone had minimal effects in reducing CBS symptoms. However, the application 

of fungicides during fruit growth and storage of harvested fruit at 8 ℃ immediately after harvest was 

effective in reducing CBS symptoms. More environmentally friendly methods, such as heat 

treatments and waxing, have been used with success to alleviate CBS. The application of skin 

coatings to oranges was found to reduce the onset of CBS, which could be associated with reduced 

respiration rates [100]. Seberry et al. [100] recommended that postharvest treatments complement 

orchard control methods to control CBS. Korf et al. [17] found that conidial germination on 

CBS-infected fruit was reduced to zero with postharvest treatments of hypochlorite, heat treatments, 

a chemical mixture, polyethylene wax or all treatments combined. This demonstrated the beneficial 

application of combined pre-packaging treatments in reducing CBS. Further research is required to 

determine the feasibility of other combined pre-packaging treatments on citrus. 
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3.4. Pre-packaging treatments 

3.4.1. Heat treatments 

Heat treatments have been used to control decay in various fruit, such as avocados [101,102,], 

peppers [36,103,104] and citrus [105,106]. Heat treatments have the ability to inactivate surface or 

below surface pathogens, by inducing the fruits’ resistance to inhibit pathogen development [108,39]. 

Heat treatments can be said to provide a ‘curative’ treatment [21,107,108]. Contrastingly, Palou et al. [55] 

described hot water treatments to be non-curative whose effects are only temporary. However, 

studies by Kim et al. [109], Ben-Yehoshua et al. [110] and Obagwu and Korsten [18] demonstrate the 

curative ability of heat treatments. The two main protein groups activated by hot water treatments 

are: (1) heat shock proteins (HSP) and (2) pathogenesis-related proteins (PRP) [60]. HSPs are 

responsible for inhibiting protein aggregation during high temperatures, thus promoting the fruit’s 

ability to withstand these temperatures. PRPs are thought to contribute to the fruit’s defense against a 

variety of pathogens. Water is the preferred heating medium due to it being more efficient in the 

heat transfer, compared to air [36]. The benefits associated with heat treatments include reduced 

chilling injury, increased gloss on the fruit peel and reduced weight loss, resulting in an increased 

fruit shelf life [39,86,108]. However, excessive heat exposure can result in phytotoxic damage to 

the fruit [105,108]. This can be avoided by applying higher water temperatures with shorter exposure 

durations [36]. Contrary to this, McGuire and Reeder [28] suggested that higher temperatures or 

extended exposure times should be avoided to prevent early decay. Table 2 summarises the effects of 

different heat treatments on citrus fruit. 

3.4.2. Surface wax and coatings 

Harvested horticultural commodities exhibit excessive weight loss as a result of moisture 

loss via transpiration and to a lesser degree the loss of carbon via respiration, reducing the shelf 

life and fruit quality [11,80,113]. The application of surface waxes and coatings have been found 

to address this problem, encompassing both physiological and aesthetic effects. Surface coatings 

or waxes impart a gloss to the fruit peel, thereby contributing to their aesthetic appeal [114,115]. 

However waxes have been found to restrict the movement of gas through the peel, which could 

lead to anaerobic conditions [116]. Research has been undertaken to create edible and natural 

coatings instead of the commercial synthetic waxes. Polysaccharide-based coatings have been 

found to be biodegradable, low cost and water soluble [116]. Chitosan and carboxymethyl 

cellulose combined with moringa leaf extract to create an edible coating improved the quality and 

shelf life of avocado fruit [117]. Chitosan, a cationic polysaccharide, coatings are a form of 

active packaging in which deposits from the film are transferred to the fruit surface, aiding in the 

inhibition of fungal growth [78,118]. Chitosan creates a semi-permeable layer allowing for gas 

exchange, leading to transpiration and ultimately reduced ripening. Chitosan-based coated 

tangerines exhibited better physicochemical characteristics, compared to control fruit during 

storage [118]. Nisperos-Carriedo et al. [114] found that coated oranges exhibited increased 

concentrations of volatile compounds (acetaldehyde, ethyl acetate, and methyl butyrate), 

contributing to enhanced orange juice flavour, compared to uncoated fruit. Similar findings were 

noted by Nisperos-Carriedo et al. [119]. Purvis [80] observed that waxed orange and grapefruit 
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displayed greater loss in moisture and a reduction in the acidity, compared to individually sealed 

fruit. However, Hagenmaier and Baker [83] found that natural carnauba wax was more effective 

in reducing weight loss in citrus, compared to shellac or polyethylene waxes. At present, shellac, 

carnauba and polyethylene waxes are commonly used for citrus [120]. Hagenmaier and Shaw [121] 

recommended that a suitable citrus wax have high oxygen, carbon dioxide and ethylene 

permeabilities, while having low water vapour permeability. This will allow for a reduced 

transpiration rate without excessively restricting the respiration rate. However, some of the 

disadvantages of wax coatings are off-flavours and odours associated with impaired oxygen and 

carbon dioxide exchange. This leads to anaerobic respiration, resulting in the release of malodorous 

organic acids and increased ethanol and acetaldehyde concentrations [10,84,113,121,122]. In 

addition, kumquat fruit are consumed with the skin. As a result, consumers may not be willing to 

purchase kumquat fruit with waxes or chemical residues on the surface. Table 3 lists some of the 

surface coatings applied to citrus fruit. 

3.4.3. Ultra-violet irradiation 

Ultra-violet (UV) radiation from the sun can be divided into three groups, UV-C (below 280 nm), 

UV-B (280–320 nm) and UV-A (320–390 nm) as described by Stapleton [123]. Studies by Kim et 

al. [109], Rodov et al. [124], Rodov et al. [125] and D’hallewin et al. [126] have found that the 

release of two phytoalexins, (1) scoparone and (2) scopoletin, were elicited by UV light. These 

compounds contribute to the fruits’ resistance against pathogens. Effective UV-C dosage of fruit 

ranges from 0.25 kJ.m
−2

 to 8.0 kJ.m
−2

 [97,127]. Stevens et al. [128] reduced the onset of green 

mould in grapefruit and tangerines, and stem-end rot and sour rot in tangerines, by hormetic 

exposure of the fruit to 0.84 kJ.m
−2

 to 3.6 kJ.m
−2

 of UV-C. Similarly, D’hallewin et al. [126] found 

that grapefruit exposed to 0.5 kJ.m
−2

 of UV-C irradiation developed less decay than untreated 

control fruit. Stevens et al. [128] found the effectiveness of UV-C irradiation in reducing 

postharvest decay was due to its germicidal effect on the fruit surface and its ability to induce 

fruit resistance (Stevens et al., 1996). However, Rodov et al. [125] attributed the fruit decay 

inhibition of UV irradiation to induced fruit resistance rather than to any germicidal effect 

because the sample citrus fruit were inoculated with the pathogens after exposure to UV light. In 

addition to a pathological defense, UV-irradiated fruit were shinier and firmer, possibly due to 

tissue lignification [110]. However, excessive amounts of UV irradiation can result in damage in 

kumquat that appears as peel damage and excessive shrivelling of the peel as observed by Rodov 

et al. [124,125]. Similar observations were made by Ben-Yehoshua et al. [110] on lemons. Canale 

et al. [129] found that UV irradiation was not able to satisfactorily control CBS in Valencia 

oranges. However, CBS lesions were lower on those fruit treated with UV irradiation. Table 4 

lists some of the effects of UV-C irradiation on different citrus cultivars.   
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Table 2. The effects of different heat treatments applied to citrus fruit. 

Type of 

Treatment 

Exposure 

Time 

Exposure 

Temperature 

Fruit Effect Reference 

Thermal 

curing 

3 days 36 ℃ Eureka 

lemons 

Prevention of Penicillium 

decay for ˃ 2 months at 

17 ℃ 

Kim et al. (1991) 

Production of scoparone 

Hot air  3 hours 48 ℃ Marsh 

grapefruit 

Maintained fruit market 

quality 

McGuire and 

Reeder (1992) 2 hours 49 ℃ 

Hot Water - 53 ℃ Kumquat Improved fruit appearance, 

reduced weight loss and rot 

development 

Schirra et al. 

(1995)  

Hot water  120 seconds or 

30 seconds 

53 ℃ or 

56 ℃ 

Kumquat Reduction in blue and green 

mould 

Ben-Yehoshua et 

al. (2000) 

Hot water 

(dipping) 

120 seconds 52 ℃ Oroblanco Reduced fruit softening and 

button abscission.  

Rodov et al. 

(2000) 

Inhibited yellow colour 

formation in combination 

with individual 

polyethylene packaging 

Hot drench 

brushing 

10 seconds 60 ℃ Oroblanco Reduced fruit softening and 

button abscission.  

Rodov et al. 

(2000) 

Delayed colour change  

Hot water 

(dipping) 

120 seconds 53 ℃ Kumquat Reduced decay Rodov et al. 

(2000) Reduced weight loss  

Hot water 

(rinsing) 

20 seconds 62 ℃ Star Ruby 

Grapefruit 

Reduced chilling injury by 

85% after 8 weeks 

Sapitnitskaya et 

al. (2006) 

Hot water 

dipping 

120 seconds 50 ℃ Kumquat Maintained ‘fresh’ 

appearance, reduced decay, 

reduced weight loss, 

maintained quality traits 

Schirra et al. 

(2011) 

Hot air  30 hours 37 ℃ Kumquat Loss of peel gloss, 

excessive weight loss, 

diminished fruit quality 

Schirra et al. 

(2011) 

Hot water 

dipping 

20 seconds 56 ℃ Tarocco 

oranges 

Reduced weight loss, 

inhibition of green mould 

spore germination, 

maintained internal and 

external quality traits 

Strano et al. 

(2014) 

Hot water 

dipping 

180 seconds 52 ℃ Tarocco 

oranges 

Increased levels of 

alcohols, esters and 

aliphatic aldehydes 

Strano et al. 

(2014) 

Note: ‘-’, information not provided in the source. 
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Table 3. The effects of different surface coatings applied to citrus fruit. 

Description of Coating Fruit Effect Reference 

Beeswax emulsion and 

TAL Pro-long  

Pineapple orange Improved fresh orange juice volatiles and 

flavour 

Nisperos-Carriedo 

et al. (1990) 

Patented edible 

composite coating  

Mature oranges Improved volatiles and flavour  Nisperos-Carriedo 

et al. (1991) 

Citral (120 second 

dipping time) 

Mature light green 

lemons 

Significantly reduced decay Ben-Yehoshua et 

al. (1992) Fruit dipped in 1% citral resulted in 

phytotoxic damage 

Low molecular weight 

chitosan (0.1% and 

0.2%) 

Murcott tangor Improved firmness, TTA, TSS, ascorbic 

acid, reduced water loss  

Chien et al. (2007) 

Reduced postharvest decay (blue and 

green mould) 

Chitosan and CaCl2 

complex 

Kumquats Delay in ripening and senescence Li et al. (2008) 

Imazalil (3000 mg.L
−1

) 

supplemented 

polyethylene wax  

Navel oranges Shiny fruit but resulted in off-flavours, 

compared to uncoated fruit 

Njombolwana et 

al. (2013) 

Higher weight loss and less firm fruit, 

compared to carnauba wax supplemented 

with imazalil 

Carboxymethyl 

cellulose (1.5% w/v) 

Rishon and 

Michal mandarins 

Improved firmness, reduced weight loss 

and a glossy peel 

Arnon et al. (2015) 

Table 4. The effects of different UV irradiation intensities on citrus fruit. 

UV Irradiation Intensity  Fruit Effect Reference 

5.0 kJ.m
−2 Lemon Increased production of scoparone Ben-Yehoshua et 

al. (1992) Reduced green mould 

1.5 kJ.m
−2  Kumquat Increased production of scoparone Rodov et al. 

(1992) Reduced green mould 

2.2 kJ.m
−2  Marsh grapefruit Reduced the incidence of green mould to 

14% 

Stevens et al. 

(1996)  

1.3 kJ.m
−2 Dancy tangerines 10-fold reduction in the onset of green 

mould 

3.2 kJ.m
−2  Mature grapefruit Reduced decay from 72% to 16% Lers et al. (1998) 

3.0 kJ.m
−2  Washington 

Navel orange 

Significant decay reduction in late 

harvested fruit 

D’hallewin et al. 

(1999) 

Biondo Comune 

orange 

Significant decay reduction in late 

harvested fruit 

0.5 kJ.m
−2 

of UV-C Star Ruby 

Grapefruit 

Reduced decay caused by green mould to 

2–3% 

D’hallewin et al. 

(2000) 

Continued on next page 
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UV Irradiation Intensity  Fruit Effect Reference 

˃0.5 kJ.m
−2

 of UV-C  Higher doses resulted in tissue necrosis 

and peel browning 

 

Fruit harvested earlier (less mature) 

exhibited more severe damage 

7.28 and 15.66 kJ.m
−2 

of 

UV-C 

Valencia oranges Did not effectively control citrus black 

spot. However, the appearance of 

quiescent black spot lesions were reduced 

Canale et al. 

(2011) 

3.4.4. Chlorinated water 

Hypochlorite has been used widely as a disinfectant for controlling postharvest pathogens in fruit 

and vegetables [12,131,132]. Hypochlorite in chlorinated water is available as chlorine gas, calcium 

hypochlorite, or sodium hypochlorite [37]. A hypochlorite concentration ranging from 55–70 mg.L
−1

 at a 

temperature of 40 ℃ and pH of 7.0 is generally recommended for treating fruit and vegetables [37]. 

Kitinoja and Kader [133] recommend a pH of 6.5 to 7.5. Chlorination is a dynamic process and 

requires constant monitoring of factors, such as pH, hypochlorite concentration, temperature, organic 

matter, time, and the growth stage of the pathogen as explained by Boyette et al. [37]. Mango dipped 

in 100 µg.mL
−1

 chlorinated water for 600 seconds (10 minutes) resulted in a higher marketability 

after storage, which could be attributed to the disinfectant property of hypochlorite [134]. Delaquis et 

al. [131] found that warm chlorinated water (47 ℃ for 180 seconds) was more effective in retarding 

both the development of spoilage microorganisms and the onset of the brown discolouration in 

iceberg lettuce, compared to cold water. A 10-second wash using 200–250 mg.L
−1

 free chlorine of 

lettuce reduced the Listeria monocytogenes population by a factor of 10 [135]. However, chlorine 

can possess phytotoxic properties (bleaching or burning) due to high concentrations of either calcium or 

sodium with sodium hypochlorite being slightly more phytotoxic than calcium hypochlorite [136,137]. 

Workneh et al. [12] observed slight bleaching of carrots dipped in chlorinated water (100 µg.mL
−1

). 

In addition, the disadvantage of chlorine is the instability of the chlorinated compounds, resulting in 

a loss and change in concentration [138]. Korf et al. [17] found that chlorine dioxide (10 μg.mL
−1

) 

was more effective in reducing conidial germination in citrus fruit, compared to calcium 

hypochlorite (100 μg.mL
−1

). Gil et al. [139] stated that a washing time exceeding 60 or 120 seconds 

had no significant effect in reducing the bacterial count. However, Boyette et al. [37] found that long 

dips were more effective than quick dips. A spray of water containing 800–1000 mg.L
−1

 

hypochlorite was used to disinfect Nagpur mandarins and Mosambi sweet oranges with the aid of 

nylon brushes (6–8 seconds) [23]. Smilanick and Sorenson [140] used chlorinated water (50 mg.L
−1

) 

at 1350 kPa for 45 seconds and a delivery rate of 2400 L.min
−1

 for washing of lemons. Currently, the 

South African kumquat industry uses a 1% chlorine bath or chlorine dioxide (ClO2) as a 

pre-treatment [141]. Presence of trihalomethanes in chlorine disinfected fruit could also pose a threat 

to consumers as potential carcinogens and mutagens [142,143]. Therefore stricter measures are 

required to limit levels of trihalomethanes for safe consumption of chlorine disinfected fruit [143]. 

Some of the hypochlorite treatments applied to citrus fruit are appended as Table 5. 
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Table 5. The effects of different hypochlorite concentrations applied to citrus fruit. 

*Hypochlorite Concentration Exposure 

Time 

Fruit Effect Reference 

200–250 ppm and pH 6.0–7.5 

(10% strength sodium 

hypochorite)  

120 seconds Kumquat Reduced decay Hall (1986) 

150 mg.L
−1

 active chlorine, pH 

8 

60 seconds Lemons Hypochlorite treatment 

alone resulted in higher 

decay rates 

Stange and Eckert 

(1994) 

100 µg.mL
−1 

free chlorine 120 seconds Satsuma 

mandarin 

Significant reduction in 

decay. 

Positive influence on the 

b* component colour  

Sen et al. (2007) 

1000 ppm 120 seconds Nagpur 

mandarins 

Reduced decay for 30 days 

at ambient conditions 

Ladaniya (2008) 

*Assume 1 ppm = 1 mg.L−1 [174]. 

3.4.5. Anolyte water 

Electrochemically activated water (ECA) or anolyte water is produced by the electrolysis of a 

salt and water solution [12,16,148–151]. During this process the molecular state of water is changed 

from stable to metastable where two types of ECA water are produced, (1) anolyte and (2) 

catholyte water. The anolyte water, which has an oxidation-reduction potential (ORP) of +1000 mV, 

is better suited for disinfecting due to its antimicrobial characteristics and the catholyte, which has an 

ORP of −800 mV, is preferred for its cleaning and detergent ability. The active compound of anolyte 

water is the hypochlorous acid. Guentzel et al. [152] found that a dip and daily spray of electrolyzed 

oxidizing water at a pH of 6.3–6.5 at 250 mg.L
−1

 and an ORP of 800–900 mV reduced the onset of 

gray mould and brown rot of grapes and peaches, respectively. Unpublished studies by Lesar [153] 

found that Neutral Anolyte also known as ACTSOL (Radical Waters, Johannesburg, South Africa) 

was comparable to chlorine (200 mg.L
−1

) in preventing green mould and sour rot spore germination. 

Dilutions of Neutral Anolyte at 1:5 and 1:10 and exposure times of 30, 60, 300 and 600 seconds 

appeared to be effective. The immersion of tangerines for 480 seconds in electrolyzed oxidizing 

water was the most effective in reducing infection caused by P. digitatum [16]. Buck et al. [150] 

recommend the use of anolyte water for disinfection due to it being environmentally safe and 

effective. Research regarding the effect of anolyte water on citrus fruit is limited. 

3.4.6. Sodium carbonate and sodium bicarbonate 

The application of sodium carbonate (SC) or sodium bicarbonate (SB) solutions to the citrus 

fruit peel acts as a disinfectant specifically to reduce the postharvest incidence of green mould [58]. 

The efficacy of SC and SB can be attributed to their high pH levels suppressing the action of these 

pathogens [56], as well as promoting the host defense response [4]. Smilanick et al. [58] found that 

oranges immersed in 4% or 6% (w/v) SC solutions heated to 40.6 ℃ or 43.3 ℃ for 120 seconds 

resulted in the most effective control of green mould. Clementine mandarins dipped for 150 seconds 
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in a 3% SC solution at 50 ℃ displayed a significant inhibition in blue and green moulds with no 

visible injury to the fruit [55]. Mandarins dipped in 2% or 3% SC solutions at room temperature 

for 60 seconds or 150 seconds resulted in a 40–60% reduction in both blue and green mould. The 

disadvantage of SB is that heating of these solutions results in the release of carbon dioxide and a 

subsequent decrease in the pH [59]. In addition, Obagwu and Korsten [18] found that SB treatment (5%) 

of oranges resulted in salt burn on the peel. Table 6 lists some of the SC and BC treatments applied to 

citrus fruit. 

Table 6. The effects of sodium carbonate and bicarbonate treatments in citrus fruit. 

Description of 

SC or SB 

Solution 

Exposure 

Time 

Solution 

Temperature 

Fruit Effect Reference 

4% or 6% SC  120 seconds 40.6 ℃ or 

43.3 ℃ 

Oranges Significant reduction in 

green mould 

Smilanick et al. 

(1997) 

3% SC  60 seconds 56 ℃ or 

61 ℃ 

Navel 

oranges 

Rind injury Smilanick et al. 

(1999) 

3% SC  150 seconds 50 ℃ Clementine 

mandarins 

Significant reduction in 

blue and green mould, 

no visible injury to the 

fruit 

Palou et al. 

(2002) 

2% or 3% SB 60 or 150 

seconds 

Room 

temperature 

(20 ± 1 ℃) 

Reduced incidence of 

blue and green mould by 

40–60% 

2% SB - - Grapefruit Reduced decay as a result 

of green mould by 61% 

Porat et al. 

(2002)  

5% SC  - - Fairchild 

mandarin 

Resulted in accumulation 

of scoparone, associated 

with a reduction in decay 

Venditti et al. 

(2005) 

Biondo 

comune 

oranges 

Green mould decay 

reduced by 97.2% and 

blue mould decay reduced 

by 93.9% 

Note: ‘-’ Information not provided in the research article. SB, sodium bicarbonate; SC, sodium carbonate. 

3.4.7. Postharvest biocontrol treatments 

Microbial biocontrol (microbial antagonists) has been used successfully to control the 

postharvest decay of many horticultural commodities as an alternative to chemical based synthetic 

treatments [14,155–157]. Wisniewski and Wilson [158] and Sharma et al. [159] described the two 

methods of using micro-organisms to control postharvest decay as to either (1) use and control the 

already existing favorable microflora on the fruit surface or (2) to introduce foreign antagonists to 

postharvest pathogens. The biocontrol mode of action of yeasts are based on competing for nutrients 

and space, inducing fruit resistance and the production of lytic enzymes [157,160,161], while 

bacterial antagonists rely on the production of antibiotics [158]. The combined use of biocontrol 
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agents with other treatments has been found more beneficial to the fruit, compared to biocontrol as 

the only treatment, as seen in Table 7. Some of the biocontrol products that are commercially 

available include BioSave-110
®
, Boniprotect

®
 and BioSave-111

®
 [12,15,161,162]. A study by 

Abraham et al. [15] revealed the preventive action of yeast strains B13 and Grape in controlling 

green mould decay in oranges and lemons in South Africa. Similar positive results were obtained by 

Arras [160]. However, Droby et al. [38] found that biocontrol was not as effective as the only method 

of postharvest treatment in alleviating decay in citrus on a commercial scale. The limitation of 

applying biocontrol agents commercially is primarily the ‘uncontrolled’ postharvest environment, 

compared to laboratory applications [158]. Research is required to determine the suitability of 

biocontrol agents, such as yeast B13, for commercialization [15]. Furthermore, there is no research 

specifically on the effects of biocontrol agents on kumquat, which warrants research being 

undertaken in this area. 

Table 7. The effects of different postharvest biocontrol agents used on citrus fruit. 

Type of Biocontrol Agent Fruit Effect Reference 

Candida famata isolated 

from fig leaves 

Orange  95–100% reduction in infected fruit in 

terms of green mould 

Arras (1996) 

Promoted the production of scoparone 

Candida fermentati isolated 

from tomato fruit surface 

Grapefruit Production of fungal cell wall 

degrading enzymes resulting in a 

reduction in green mould infected fruit 

Bar-Shimon et al. 

(2004) 

Reduced infected wounds to 10% in 

yeast-treated wounds, compared to 

100% 

Yeast isolates (B13 and 

Grape) 

Navel 

oranges and 

lemons 

Prevented the onset of decay as a result 

of green mould  

Abraham et al. 

(2010) 

Suitable as a preventive mode of action 

rather than curative 

Pichia guilliermondii (Z1) Valencia-late 

oranges  

Significant reduction in blue mould by 

at least 85%, independent of 

temperature or relative humidity 

Lahlali et al. 

(2011) 

Well suited as a prophylactic mode of 

action 

3.4.8. Integrated pre-packaging treatments 

The application of combined treatments, as opposed to individual treatments, have been found 

to be far more effective in maintaining citrus fruit quality and preventing decay [18,146]. Hot water 

treatment, hypochlorite and salt treatments do not offer a permanent solution to postharvest decay 

but rather their effects have a limited duration [93]. Therefore, other treatments need to be applied to 

provide prolonged fruit protection. The combination of hot water and chlorine was shown to be 

effective in reducing the onset of decay in citrus fruit. The addition of a biocontrol further improves 

the efficacy [17,146]. Similarly, the treatment of chlorine and hot water proved to be beneficial in 

mandarins [146]. Ben-Yehoshua et al. [5] found the treatment of oranges with hot water dipping (52 ℃ 
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for 120 seconds) followed by UV irradiation resulted in reduced fruit decay. Table 8 in presents some 

of the effects of integrated pre-packaging treatments applied to citrus fruit. It is evident from the 

table that biocontrol agents are more effective when used in combination with other pre-packaging 

treatments in reducing fruit decay. 

Table 8. The effects of combined pre-packaging treatments applied to citrus fruit. 

Number Description of 

Treatments 

Additional Information 

of Treatments 

Fruit Effect Reference 

1 Hot water 43 or 46 ℃ for 180 

seconds 

Valencia 

oranges 

Significant reduction in 

citrus black spot lesions 

Korf et al. 

(2001) 

Chlorine 100 µm.mL
−1

 and 15 

µg.mL
−1

 

High pressure spray 20–35 kPa 

Polyethylene wax - 

2 Biocontrol Bacillus F1 Valencia and 

Shamouti 

oranges 

Significant reduction in 

both blue and green 

mould. 

Obagwu 

and 

Korsten 

(2003) 

Hot water 45 ℃ for 120 seconds 

3 Biocontrol Bacillus F1 Valencia and 

Shamouti 

oranges 

Significant reduction in 

both blue and green 

mould. 

Obagwu 

and 

Korsten 

(2003) 

SB 1% Solution 

4 Thermal curing 35–36 ℃ for 72 hours Nagami 

kumquat 

Reduction in fruit decay Ben-Yehos

hua et al. 

(2005) 

UV-C Irradiation 0.5, 1.5, or 3.0 kJ
−2

 

5 Hot water dipping 52 ℃ for 120 seconds Washington 

Navel orange 

Reduction in fruit decay Ben-Yehos

hua et al. 

(2005) 

UV-C Irradiation 0.5, 1.5, or 3.0 kJ
−2

 

6 SB 1% Solution Eureka lemons Incidence of green 

mould reduced to 22% 

Smilanick 

et al. 

(2005) 

Imazalil 10 µg.mL
−1

 

7 Free chlorine 100 µg.mL
−1

 Satsuma 

mandarin 

Closing of stomatal 

cracks by melting 

epicuticilar wax, 

reduction in decay 

caused by blue and green 

mould, Reduced weight 

loss 

Sen et al. 

(2007) 

Hot water dipping 53 ℃ for 180 seconds 

8 Biocontrol Bacillus 

amyloliquefaciens 

HF-01 

Wuzishatangju 

mandarin 

Firmer fruit, high 

ascobic acid, reduced 

levels of TSS, weight 

loss and decay  

Hong et al. 

(2014) 

Hot water 45 ℃ for 120 seconds 

SB 1% or 2% Solution 
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4. Discussion and conclusions 

The use of synthetic fungicides to control pathogen infection has now been associated with 

pathogen resistance, posing a risk to human and environmental health and high costs [4]. In light of 

this, more emphasis is placed on seeking alternative safe control methods. Inducing a fruit’s intrinsic 

defense mechanism is one such method. Resistance against P. digitatum can be accomplished with 

the aid of physical means (ultra-violet irradiation) or antagonistic microorganisms. Bi et al. [163] 

reports that such treatments are capable of eliciting the fruit’s resistance to pathogenic infection, 

however, these treatments do not provide complete control of infection. In most cases these 

treatments should be applied prior to any infection so that sufficient time is available to induce the 

fruit’s resistance. It is therefore necessary to implement not only a preventive method of fungal 

control but a curative method as well [20]. Kassim et al. [21] goes a step further to include an initial 

disinfection treatment using anolyte water, followed by a curative hot water treatment and then a 

preventive treatment of a biocontrol agent to kumquat fruit. Currently, the main pre-packaging 

treatments identified within the citrus industry are postharvest fungicides, hypochlorite disinfection 

and waxing [23]. However, the relative efficacy of other treatments, such as hot water, biocontrol 

agents and anolyte water on citrus fruit have not been fully explored. Hot water treatments have a 

significantly positive effect on the postharvest citrus quality in terms of reduced decay as a result of 

the Penicillium pathogens, reduced weight loss and firmer fruit, [9,36,67,75,105,111,112]. Schirra et 

al. [111], Ben-Yehoshua et al. [105] and Rodov et al. [75] found 53 ℃ for 120 or 30 seconds to be 

the optimum temperature and time combination for kumquat heat treatments. Hot water treatments 

do not contain any chemicals and are, therefore, recommended for kumquat fruit due to the fruit 

being consumed with the skin [39,86,105,111]. Waxes were found to reduce the moisture loss and 

create shiny fruit surfaces; however, excessive waxing can result in the development of 

off-flavours due to suppressed gas exchange [10]. The use of hypochlorite as a disinfectant is 

common practice in the postharvest fruit industry. The current hypochlorite treatment of kumquats 

at packhouses in South Africa uses a 1% chlorine solution or chlorine dioxide. Biocontrol agents 

have been presented as an environmentally friendly alternative to fungicides. The yeast strain B13 

provided positive results in preventing P. digitatum decay in oranges and lemons in South Africa 

[15]. Excessive UV-C irradiation (˃0.5 kJ.m
−2

) or too high salt content (5%) can result in damage to the 

citrus fruit peel [18,126,129]. Combined pre-packaging treatments have been recommended, 

compared to individual treatments, due to their higher overall efficacy in reducing decay and 

maintaining fruit quality [18,146]. An effective pre-packaging treatment combination should include 

a disinfectant (hypochlorite or anolyte water), curative (hot water) and a preventive agent (biocontrol). 

Many studies have focused on combined pre-packaging treatments on citrus fruit, such as oranges 

and mandarins [17,146]. However, these treatments did not combine disinfection, curative and preventive 

modes of action [5,146]. It can be suggested that an effective combination of treatments makes use of (1) 

disinfection; (2) curative and (3) preventive modes of action [21]. Chlorine (hypochlorite) or anolyte 

water provides a disinfecting effect. Curative treatments include hot water, surface coatings or waxes, 

or SC or SB [21]. Preventive treatment methods include biocontrol agents, such as B13. Disinfection 

treatments have the ability to remove existing pathogenic microorganisms present on the fruit surface. 

Curative treatments are able to ‘repair’ and initiate fruit resistance. The preventive mode of action 

hinders potential infection. Few studies have dealt with the combined action of a disinfectant, plus a 

curative and preventive treatment on citrus fruit. 
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