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STOP MED WASTE PROJECT

e 8 Research Units : Extend the shelf life of fresh fruit, vegetables and
aromatic plants

e 3 Specific objectives: Reduce
* Food waste from 30% to 15%
e Discarded fruit by 20%
e Application of postharvest pesticides by 20%

The question is: are we in line with these goals?



High amount of post harvested fruit are lost due to rots

« fungal species : Penicillium digitatum, Botrytis cinerea, Peniciliium italicum and Alternaria
alternata

* These fungi were isolated from fruits collected in storage locations of several companies,
then morphologically identified and conserved until use,

* These are considered the most important fungi causing fruit decay during storage in our
conditions.



Devastating fungal species on fruit postharvest in Tunisia

1. Penicillium digitatum (green mold)
2. Botrytis cinerea (gray mold)
3. Penicillium italicum (blue mold)

4. Alternaria alternata (black rot)




Pathogeneicity of different fungal species

P. digitatum P. italicum B. cinerea
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Importance of wounds for fungal infection
Wounds performed on fruit (10 mm diameter with cork-borer, 5 punctures with needle, intact fruit)

. Wide wound (10 5 small wounds
Diameter of the decay . : .
(mm) 8 dpi (20°C) mm diam with with needle
cork-borer)
Botrytis cinerea 68.5 23 0
Fruit wounded not 0O 5.6 0
infected
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The larger the wound, the greater the diameter of decay




Biological control of fruit decay

« Essential olls
« GRAS salts
« Compound mixture



Essential olls

* Essential oils (EOs) extracted from aromatic or medicinal plants are
biodegradable, safe and considered as an environmentally solution to
reduce fungal species attacking different crops.

» Several EOs have been tested to evaluate their ability to extend the
shelf life of postharvest fruit and vegetables during storage.

* 30 Eos were tested In vitro
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Abstract: Essential oils (EXCks]) extracted from aromatic or medicinal plants are biodegradable, safe,
and regarded as altermatives to chemical pesticides to reduce fungal species attacking different
crops. In this study, thirty ECs at 0.5 mg/mL were evaluated for in vitro growith inhibition of
the main postharvest fungi, which are Alternarie altermata, Botrylis cinerea, and Penicillivene ifalicaerr.
Cinmamornem verrim EQ completely inhibited the mycelial growth of A. elfernete and B. cirerea,
and Syzygiwm aromaticuen EC completely inhibited the mycelia of A. allernata. B. cinersa mycelial
growth was completely imhibited by Gawetfeerin fragrantissima, Cymboapogon sardis, Pelargosiinm asperiom,
and Crpressus sermperoirens ECws. G fragrantissima EO inhibited the mycelia growth of F. itelicum by
98%. Owerall, B. cimeren displayed the highest sensitivity to BEOs than P italiceen and A, alterneta.
G. fragrantissivea, O sempervirens, C. pardues, F.asperiem, Mertha piperita, Foescicilum vrlgare, O oerriom,
amd 5. aromaticum ECs showed the highest inhibition for these three pathogens. hlimimunn inmbibibory
concentrations were lower for C. perruen and 5. arseraticeem EOs, ranging between 0031 and 0,45 mg /miL
and (L37 o .57 mg/mlL., respectively, against the three pathogens. The tested ECs inhibited the
in vitre growth of three of the main postharvest fungal pathogens. Further studies are needed to
oconfirm these acthvities in vivo.

Keywords: blue mold; essential oils; fruits; gray mold; shelf life

1. IntroductHon

Food loss and waste are issues of importance to global food security, and accordimg
to the Food and Agriculture Organization of the United MNations, 45% of all froits and
vegetables are lost or wasted every year [1]. This waste occurs along the entire food chain
(from field to consumer) and needs o be analyezed and monitored due o its impact on
the development of the foed sector. Contamination of fruit and vegetables by pathogenic
microorganisms is a major Factor in reducng yvields and market quality. The use of fungg-
cides is a common practice as a postharvest treatment to control fruit decay. In recent
vears, it has been necessary to achieve the United Matbions® Sustainable Dievelopment Goals
(5DMGs) and the Farm to Fork Strategy of the European Green. In addition, fresh fruik loss,
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Abstract: This study evaluates the efficacy of the salts sodium metabisulfite (SMB), ammonium
bicarbonate, sodium bicarbonate, and potassium dihydrogen orthophosphate first in vitro against
the main postharvest fruit rot fungi, Alternarin alfernata, Bofrytis cinerea, Penicillium italicum, and
Penicillinm digitetum. Results showed that 0.2% SMEB completely inhibited the mycelium growth of
the fungal species. Ammonium bicarbonate and sodium bicarbonate were less effective at 0.2% in
inhibiting mycelial growth, ranging from 57.6% to 77.6%. The least effective was potassium dihydro-
gen orthophosphate. Experiments were also performed in vivo on wounded apples inoculated with
the most pathogenic fungus, B. cinereq, and treated with SMB at concentrations of 0.2, 0.5, 1, 2, and
3%, both preventively and curatively. Results based on the decay size showed that SMB, when used
as a preventive treatment, had a reduced efficacy, even with the highest concentration. However, this
salt proved to be very effective at (L5% in curative treatment since the decay was completely blocked.
Chur results suggest that the appropriate concentration of SMB for post-harvest treatment is 0.5% as
a curative treatment. On the other hand, the 1% dose induced the onset of phytotosdcity around
the wound. To assess the extent of the phytotoxicity reaction, higher concentrations of 1-4% SMB
were applied to wounded fruit. Apples and oranges were inoculated or not with B. cinerea and
P digitatum, respectively. Doses of 1-4% induced phytotoxicity in the form of a discolored ring
surrounding the wound on the epidermis of the fruit; this phytotoxicty enlarged as the concentration
of SMB increased. The phytotoxic features were similar on apples and oranges. The methodological
procedure made it possible to carry out a quantitative assessment of SMB phytotosdcity. This method
is proposed as an easy-to-use technique for quantitatively estimating the phytotoxicity of antifungal

compounds on post-harvest fruit.

Keywords: control; decay; GRAS salts; postharvest; sodium metabisulfite



Mycelium inhibition (%)

GRAS salts activity in vitro :
Sodium Metabisulfite (SMB), Ammonium Bicarbonate (AMB),
Sodium Bicarbonate (SB), Potassium Phosphate (PP)
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PREVENTIVE AND CURATIVE ACTIVITY OF SODIUM METABISULFITE GRAS SALT /N VIVO
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PHYTOTOXICITY OF SODIUM METABISULFITE GRAS SALT (0,0.5,1, 2, 3 and 4%)
Orange /P. digitatum and Apple/ B. cinerea
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Figure 7. Linear regression between sodium metabisulfite concentration (x-axis) and rot diameter
size (y-axis) was measured on oranges (6 dpi) and apples (8 dpi). Each point is the mean diameter of
eight replicates (fruit). Vertical bars represent standard deviations.
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? frontiers

Unravelling during cold storage and shelf life the physicochemical and
pathological characteristics of postharvest apples and oranges treated
with sodium metabisulfite
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Abstract

Fruits are susceptible to a diverse range of postharvest rots that can reduce quality it preventive
measures are not taken m time. In this study, samples of orange cv. "Maltaise' and apple cvs. *Golden
Delicious' and 'Richared’ were sorted without infection or injury, treated or not with sodium
metabisulfite (SMB), then placed in cold storage for 20, 42 or 59-61 days, followed by a shelf life of 6
or 15 days. The physicochemical characteristics, degree of fruit infection and weight loss were
analyzed at each storage period. Our results indicate that adequate postharvest storage depends on the
type of fruit, the duration of cold storage and shelf life. The heat map grouped "Richared' apples close
to its fresh state, without developing rot or perceptible weight loss for 60 days at low temperature (6°C)
and 15 days of shelf life. These red apples performed better during storage than the “Golden™,
especially in terms of storability and total flavonoids. Apples of 'Golden' showed better storage stability
than "Maltaise', which could be stored properly for up to 20 days at 6°C, followed by a 15-day shelf
life, regardless of treatment with sodium metabisulfite. The longer the oranges were stored, the greater
the nsk of infection and the physicochemical properties, in this case flavonoids, decreased. The
chemical criteria (TSS, pH) of apples and oranges were not affected by soaking in SMB, being similar
to that of untreated fruit. However, treating such fruit with SMB is regarded as unlikely due to its low
cffectiveness in preventing fruit decay during long-term storage. Cluster analysis showed that total
polyphenols were linked to poor storability, while flavonoids, hardness and TSS were clustered with
better storability. This suggests that flavonoids may be a more reliable indicator of storage suitability
than total polyphenols.

1 Introduction



Hierarchical cluster analysis for predicting the link between different
physicochemical properties and fungal infection criteria in oranges of
cv. 'Maltaise' and apples of both cvs. 'Richared' and 'Golden' during

different storage periods

Red apples (Richared):
60d (6°C) + 15d (= 20°C)

42d (6°C)+less than 15d(= 20°C)

Oranges (Maltaise):
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Loss index formulated from weight loss, disease severity and disease incidence, in relation
to each treatment method for oranges of the cultivar ‘Valencia Late’ after 58 days at 5 °C
and 24 days of shelf-life and cv ‘Maltaise’ after 35 days at 5 °C and after 7 days shelf life at
ambient temperature
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60 1 BLoss Index 58d 5°C ElLoss Index 24d SL

Valencia late: 30 |
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Conclusion

Penicillium digitatum is the most damaging post-harvest pathogen, mainly on citrus fruits, Botrytis cinerea is a
serious pathogen on a wide range of fruit types, followed by Penicillium italicum and Alternaria alternata.

Fruit wounds are the main factor in the spread of fungal decay. Fruit with wounds should be sorted before cold
storage to prevent further fungal attack.

Well-sorted but untreated red apples showed the longest storage period, followed by yellow apples and the
‘Maltaise’ oranges.

Our results suggest that it is possible to dispense with treatments for healthy fruit (free of wounds) intended
for cold storage.

We suggest the use of innovative methods such as nanoencapsulation for the practical formulation
environmentally-friendly compounds (effective essential oils), helping to reduce the need for chemical
fungicides.

These results could have a positive impact on the reduction of synthetic pesticides and food losses (main
objectives of the project)
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