
Journal of Food Quality

Preharvest and Postharvest Factors
Improving Horticultural Product
Quality and Shelf-Life

Lead Guest Editor: Giorgia Liguori
Guest Editors: Alessandro Miceli, Luca Settanni, and Mónica Azucena
Nazareno

 



Preharvest and Postharvest Factors Improving
Horticultural Product Quality and Shelf-Life



Journal of Food Quality

Preharvest and Postharvest Factors
Improving Horticultural Product
Quality and Shelf-Life

Lead Guest Editor: Giorgia Liguori
Guest Editors: Alessandro Miceli, Luca Settanni,
and Mónica Azucena Nazareno



Copyright © 2021 Hindawi Limited. All rights reserved.

is is a special issue published in “Journal of Food Quality.” All articles are open access articles distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.



Chief Editor
Anet Režek Jambrak  , Croatia

Associate Editors
Ángel A. Carbonell-Barrachina  , Spain
Ilija Djekić  , Serbia
Alessandra Durazzo  , Italy
Jasenka Gajdoš-Kljusurić, Croatia
Fuguo Liu  , China
Giuseppe Zeppa, Italy
Yan Zhang  , China

Academic Editors
Ammar AL-Farga  , Saudi Arabia
Leila Abaza  , Tunisia
Mohamed Abdallah  , Belgium
Parise Adadi  , New Zealand
Mohamed Addi  , Morocco
Encarna Aguayo  , Spain
Sayeed Ahmad, India
Ali Akbar, Pakistan
Pravej Alam  , Saudi Arabia
Yousef Alhaj Hamoud  , China
Constantin Apetrei  , Romania
Muhammad Sajid Arshad, Pakistan
Md Latiful Bari BARI  , Bangladesh
Rafik Balti  , Tunisia
José A. Beltrán  , Spain
Saurabh Bhatia  , India
Saurabh Bhatia, Oman
Yunpeng Cao  , China
ZhenZhen Cao  , China
Marina Carcea  , Italy
Marcio Carocho  , Portugal
Rita Celano  , Italy
Maria Rosaria Corbo  , Italy
Daniel Cozzolino  , Australia
Alessandra Del Caro  , Italy
Engin Demiray  , Turkey
Hari Prasad Devkota  , Japan
Alessandro Di Cerbo  , Italy
Antimo Di Maro  , Italy
Rossella Di Monaco, Italy
Vita Di Stefano  , Italy
Cüneyt Dinçer, Turkey
Hüseyin Erten  , Turkey
Yuxia Fan, China

Umar Farooq  , Pakistan
Susana Fiszman, Spain
Andrea Galimberti  , Italy
Francesco Genovese   , Italy
Seyed Mohammad Taghi Gharibzahedi  ,
Germany
Fatemeh Ghiasi  , Iran
Efstathios Giaouris  , Greece
Vicente M. Gómez-López  , Spain
Ankit Goyal, India
Christophe Hano  , France
Hadi Hashemi Gahruie  , Iran
Shudong He  , China
Alejandro Hernández  , Spain
Francisca Hernández  , Spain
José Agustín Tapia Hernández  , Mexico
Amjad Iqbal  , Pakistan
Surangna Jain  , USA
Peng Jin  , China
Wenyi Kang  , China
Azime Özkan Karabacak, Turkey
Pothiyappan Karthik, India
Rijwan Khan  , India
Muhammad Babar Khawar, Pakistan
Sapna Langyan, India
Mohan Li, China
Yuan Liu  , China
Jesús Lozano  , Spain
Massimo Lucarini  , Italy
Ivan Luzardo-Ocampo  , Mexico
Nadica Maltar Strmečki  , Croatia
Farid Mansouri  , Morocco
Anand Mohan  , USA
Leila Monjazeb Marvdashti, Iran
Jridi Mourad  , Tunisia
Shaaban H. Moussa  , Egypt
Reshma B Nambiar  , China
Tatsadjieu Ngouné Léopold  , Cameroon
Volkan Okatan  , Turkey
Mozaniel Oliveira  , Brazil
Timothy Omara  , Austria
Ravi Pandiselvam  , India
Sara Panseri  , Italy
Sunil Pareek  , India
Pankaj Pathare, Oman

https://orcid.org/0000-0001-7676-6465
https://orcid.org/0000-0002-7163-2975
https://orcid.org/0000-0002-8132-8299
https://orcid.org/0000-0002-7747-9107
https://orcid.org/0000-0002-1645-0976
https://orcid.org/0000-0002-2947-1629
https://orcid.org/%200000-0002-0233-5539
https://orcid.org/0000-0001-9950-1478
https://orcid.org/0000-0002-3903-6452
https://orcid.org/0000-0003-4724-9463
https://orcid.org/0000-0002-3973-6694
https://orcid.org/0000-0002-0052-4168
https://orcid.org/0000-0001-7324-6237
https://orcid.org/0000-0003-0945-9224
https://orcid.org/0000-0002-3823-4174
https://orcid.org/0000-0003-3776-754X
https://orcid.org/0000-0002-3590-6123
https://orcid.org/0000-0002-3764-0189
https://orcid.org/0000-0002-5462-8923
https://orcid.org/0000-0001-5976-2382
https://orcid.org/0000-0002-7671-4582
https://orcid.org/0000-0001-6143-4556
https://orcid.org/0000-0002-8978-4547
https://orcid.org/0000-0002-6357-594X
https://orcid.org/0000-0003-3420-5445
https://orcid.org/0000-0001-6247-8817
https://orcid.org/0000-0002-7677-8535
https://orcid.org/0000-0002-1639-9090
https://orcid.org/0000-0002-0509-1621
https://orcid.org/0000-0001-8122-9170
https://orcid.org/0000-0002-9595-9665
https://orcid.org/0000-0002-4483-2058
https://orcid.org/0000-0003-1537-2416
https://orcid.org/0000-0002-6421-9197
https://orcid.org/0000-0003-3140-3024
https://orcid.org/0000-0002-9326-1183
https://orcid.org/0000-0001-6280-8361
https://orcid.org/0000-0003-1764-1499
https://orcid.org/0000-0002-6019-5204
https://orcid.org/0000-0002-6748-4738
https://orcid.org/0000-0001-9938-0151
https://orcid.org/0000-0001-8807-6189
https://orcid.org/0000-0002-1155-4928
https://orcid.org/0000-0002-2764-3386
https://orcid.org/0000-0003-3739-8748
https://orcid.org/0000-0003-1124-7001
https://orcid.org/0000-0001-6141-8337
https://orcid.org/0000-0001-9715-8071
https://orcid.org/0000-0003-1962-2283
https://orcid.org/0000-0002-1822-6249
https://orcid.org/0000-0003-3354-3047
https://orcid.org/0000-0003-1420-0276
https://orcid.org/0000-0003-0905-9546
https://orcid.org/0000-0001-6178-9779
https://orcid.org/0000-0002-8033-3520
https://orcid.org/0000-0003-2416-5451
https://orcid.org/0000-0002-0048-2009
https://orcid.org/0000-0003-2174-9005
https://orcid.org/0000-0002-8513-9372
https://orcid.org/0000-0002-2882-9828
https://orcid.org/0000-0002-6426-0915
https://orcid.org/0000-0001-8773-221X
https://orcid.org/0000-0001-5787-7573
https://orcid.org/0000-0002-4076-2443
https://orcid.org/0000-0002-0175-1055
https://orcid.org/0000-0003-0996-8328
https://orcid.org/0000-0001-6970-2009
https://orcid.org/0000-0001-6873-6936


María B. Pérez-Gago  , Spain
Anand Babu Perumal  , China
Gianfranco Picone  , Italy
Witoon Prinyawiwatkul, USA
Eduardo Puértolas  , Spain
Sneh Punia, USA
Sara Ragucci  , Italy
Miguel Rebollo-Hernanz  , Spain
Patricia Reboredo-Rodríguez  , Spain
Jordi Rovira  , Spain
Swarup Roy, India
Narashans Alok Sagar  , India
Rameswar Sah, India
El Hassan Sakar  , Morocco
Faouzi Sakouhi, Tunisia
Tanmay Sarkar  , India
Cristina Anamaria Semeniuc, Romania
Hiba Shaghaleh  , China
Akram Sharifi, Iran
Khetan Shevkani, India
Antonio J. Signes-Pastor  , USA
Amarat (Amy) Simonne  , USA
Anurag Singh, India
Ranjna Sirohi, Republic of Korea
Slim Smaoui  , Tunisia
Mattia Spano, Italy
Barbara Speranza  , Italy
Milan Stankovic  , Serbia
Maria Concetta Strano  , Italy
Antoni Szumny  , Poland
Beenu Tanwar, India
Hongxun Tao  , China
Ayon Tarafdar, India
Ahmed A. Tayel  , Egypt
Meriam Tir, Tunisia
Fernanda Vanin  , Brazil
Ajar Nath Yadav, India
Sultan Zahiruddin  , USA
Dimitrios I. Zeugolis  , Ireland
Chu Zhang  , China
Teresa Zotta  , Italy

https://orcid.org/0000-0002-2131-6018
https://orcid.org/0000-0001-9783-4279
https://orcid.org/0000-0001-7932-6692
https://orcid.org/0000-0001-7489-4674
https://orcid.org/%200000-0002-2219-2424
https://orcid.org/0000-0003-1034-1290
https://orcid.org/0000-0001-8440-6347
https://orcid.org/0000-0001-6664-9484
https://orcid.org/0000-0002-1507-6118
https://orcid.org/0000-0002-2217-1949
https://orcid.org/0000-0003-3869-1604
https://orcid.org/0000-0002-9513-1729
https://orcid.org/0000-0003-4898-2480
https://orcid.org/0000-0003-1695-4389
https://orcid.org/0000-0002-6551-9749
https://orcid.org/0000-0002-2782-5665
https://orcid.org/0000-0001-9861-7700
https://orcid.org/0000-0001-7152-5064
https://orcid.org/0000-0001-9058-1598
https://orcid.org/0000-0001-8368-4572
https://orcid.org/0000-0001-9411-134X
https://orcid.org/0000-0001-5583-7092
https://orcid.org/0000-0002-9647-7609
https://orcid.org/0000-0002-7599-5191
https://orcid.org/0000-0001-6760-3154
https://orcid.org/0000-0001-8228-6804


Contents

Changes in Vegetative and Reproductive Growth and Quality Parameters of Strawberry (Fragaria ×
ananassa Duch.) cv. Chandler Grown at Different Substrates
Noosheen Zahid  , Mehdi Maqbool  , Abdul Hamid  , Muhammad Shehzad, Majid Mahmood
Tahir  , Khuram Mubeen, Hafiz Muhammad Rashad Javeed, Haseeb Ur Rehman, Mazhar Ali, Asgar Ali,
Patrick O’Reilly, and Syed Zulfiqar Ali Shah
Research Article (9 pages), Article ID 9996073, Volume 2021 (2021)

Preharvest Factors Affecting Quality on “Abate Fetel” Pears: Study of Superficial Scald with
Multivariate Statistical Approach
Alessandro Bonora  , Enrico Muzzi  , Cristiano Franceschini  , Alexandra Boini  , Gianmarco
Bortolotti  , Kushtrim Bresilla  , Giulio Demetrio Perulli  , Melissa Venturi, Luigi Manfrini, and Luca
Corelli Grappadelli 

Research Article (11 pages), Article ID 9921834, Volume 2021 (2021)

Effect of Opuntia ficus-indica Mucilage Edible Coating in Combination with Ascorbic Acid, on
Strawberry Fruit Quality during Cold Storage
Giorgia Liguori  , Raimondo Gaglio  , Luca Settanni  , Paolo Inglese  , Fabio D’Anna  , and
Alessandro Miceli 

Research Article (8 pages), Article ID 9976052, Volume 2021 (2021)

Increasing Lignification in Translucent Disorder Aril of Mangosteen Related to the ROS Defensive
Function
Chalermchai Wongs-Aree  , Patchayapon Siripirom, Apinya Satitpongchai, Kitti Bodhipadma  , and
Sompoch Noichinda 

Research Article (10 pages), Article ID 6674208, Volume 2021 (2021)

Polyphenol Content and Antioxidant Activity of Stevia and Peppermint as a Result of Organic and
Conventional Fertilization
Lina Garcia-Mier, Adriana E. Meneses-Reyes, Sandra N. Jimenez-Garcia, Adan Mercado Luna, Juan
Fernando García Trejo, Luis M. Contreras-Medina, and Ana A. Feregrino-Perez 

Research Article (6 pages), Article ID 6620446, Volume 2021 (2021)

Mycotoxins Analysis in Cereals and Related Foodstuffs by Liquid Chromatography-Tandem Mass
Spectrometry Techniques
Slim Smaoui  , Olfa Ben Braïek  , and Hajer Ben Hlima 

Review Article (23 pages), Article ID 8888117, Volume 2020 (2020)

Effect of Cold Plasma on Quality Retention of Fresh-Cut Produce
Hadi Bagheri   and Sepideh Abbaszadeh 

Review Article (8 pages), Article ID 8866369, Volume 2020 (2020)

Exposure to Volatile Essential Oils of Myrtle (Myrtus communis L.) Leaves for Improving the
Postharvest Storability of Fresh Loquat Fruits
Nadire Pelin Bahadırlı  , İbrahim Kahramanoğlu  , and Chunpeng Wan 

Research Article (10 pages), Article ID 8857669, Volume 2020 (2020)

https://orcid.org/0000-0002-2412-6543
https://orcid.org/0000-0003-1984-6068
https://orcid.org/0000-0003-3212-9370
https://orcid.org/0000-0002-6182-8640
https://orcid.org/0000-0002-2783-0114
https://orcid.org/0000-0002-9912-3320
https://orcid.org/0000-0002-4111-6400
https://orcid.org/0000-0003-3042-2602
https://orcid.org/0000-0003-2322-8561
https://orcid.org/0000-0001-9629-5015
https://orcid.org/0000-0003-0338-2772
https://orcid.org/0000-0003-2692-8790
https://orcid.org/0000-0002-5713-1445
https://orcid.org/0000-0002-2080-0836
https://orcid.org/0000-0001-7019-3598
https://orcid.org/0000-0001-7394-4633
https://orcid.org/0000-0001-8931-4898
https://orcid.org/0000-0001-9034-1201
https://orcid.org/0000-0002-1208-3638
https://orcid.org/0000-0002-1967-7463
https://orcid.org/0000-0002-8999-4632
https://orcid.org/0000-0001-8001-5912
https://orcid.org/0000-0002-8839-7377
https://orcid.org/0000-0001-9449-8513
https://orcid.org/0000-0003-3641-9818
https://orcid.org/0000-0003-4823-0959
https://orcid.org/0000-0003-2280-8687
https://orcid.org/0000-0001-7321-5377
https://orcid.org/0000-0002-6074-6395
https://orcid.org/0000-0001-6892-016X


Research Article
Changes in Vegetative and Reproductive Growth and Quality
Parameters of Strawberry (Fragaria× ananassa Duch.)
cv. Chandler Grown at Different Substrates

Noosheen Zahid ,1 Mehdi Maqbool ,1 Abdul Hamid ,1 Muhammad Shehzad,2

Majid Mahmood Tahir ,3 Khuram Mubeen,4 Hafiz Muhammad Rashad Javeed,5

HaseebUrRehman,6MazharAli,5 AsgarAli,7 PatrickO’Reilly,8 andSyedZulfiqarAli Shah1

1Department of Horticulture, Faculty of Agriculture, University of Poonch Rawalakot, Azad Jammu and Kashmir, Pakistan
2Department of Agronomy, Faculty of Agriculture, University of Poonch Rawalakot, Azad Jammu and Kashmir, Pakistan
3Department of Soil and Environmental Sciences, Faculty of Agriculture, University of Poonch Rawalakot,
Azad Jammu and Kashmir, Pakistan
4Department of Agronomy, Faculty of Agriculture and Environmental Sciences,
Muhammad Nawaz Shareef University of Agriculture, Multan, Pakistan
5Department of Environmental Sciences, COMSATS University Islamabad, Vehari Campus, Islamabad, Pakistan
6Department of Agronomy, Bahauddin Zakariya University, Multan, Pakistan
7Centre of Excellence for Postharvest Biotechnology, University of Nottingham, Malaysia Campus, Jalan Broga, Semenyih 43500,
Selangor, Malaysia
8Department of Geography, Geology and the Environment, University of Leicester, Leicester, UK

Correspondence should be addressed to Mehdi Maqbool; mehdimaqbool@upr.edu.pk

Received 5 March 2021; Revised 24 May 2021; Accepted 1 June 2021; Published 15 June 2021

Academic Editor: giorgia liguori

Copyright © 2021 Noosheen Zahid et al. (is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Growth substrates (polyester wool, rice husk, and wheat straw), along with soil as control treatment, were compared for vegetative
growth, yield, and quality of strawberry cv. Chandler. All growth substrates tested showed good results in terms of growth rate as
compared with control. Strawberry plants grown in polyester wool showed the highest (89.50%) survival rate as compared to rice
husk (70.50%), wheat straw (64.63%), and control (67.56%). Moreover, a significant increase was observed among number of
flowers, fruits, and yield in plants grown in polyester wool. Besides, a significant high amount of total soluble solids (TSS) (12.38
oBrix), titratable acidity (TA) (1.21%), ash (0.72%), vitamin C (37.39mg/100 g), total carotenoids (3.90 µg/100 g), and total
anthocyanins (3.47 cyanidine-3-glucoside/100 g) was recorded in fruits grown in polyester wool as compared to control. From
these results, it can be concluded that the use of polyester wool as a growth substrate for strawberries can give higher yield and
better fruit quality.

1. Introduction

Strawberry (Fragaria× ananassa Duch.) is a high value crop
which is well known due to its colour, taste, and nutritional
value which is increasing its economic importance [1]. (ese
small fruits serve as an important source of different min-
erals and vitamin C and are also rich in antioxidants [2, 3].

Because of their high nutritional contents and economic
importance, cultivars and advanced cultivation techniques
are gaining importance in order to meet growing market
demand. Under traditional growing system, strawberries are
grown from replanted runners season after season in the
same fields. (is technique causes vulnerability to soilborne
diseases such as Verticillium wilt, Phytophthora crown and
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root rot, black root rot, and charcoal rot caused by Verti-
cillium dahliae, Phytophthora cactorum, Cylindrocarpon
destructans, and Macrophomina phaseolina, respectively, in
different strawberry cultivars [4, 5].

Different chemical disinfectants such as chloropicrin and
methyl bromide fumigants have been used in the past to
lessen the effect of soilborne pathogens and diseases [6].
However, these days people are becoming very conscious
about side effects of synthetic fungicides and chemicals due
to their hazardous effects on health. Further, these chemicals
are dangerous for the overall environment as well. (ese
concerns have resulted in efforts to phase out most of the
chemicals around the world [7, 8]. (e use of 1, 3-
dichloropropene and chloropicrin or their mixtures has also
been subjected to granting of exceptional uses depending on
the crop, soilborne pathogen, and production area [8].
(erefore, there is a need to find alternatives to overcome
these disease problems and maintain cultivation systems for
strawberries with maximum yield.

Soilless culture is considered, the best candidate for
production of strawberry because it tends to be less prone to
diseases. (is system can fit higher plant density in a small
area than the traditional system with less use of water and
fertilizer [9]. Moreover, this system also possesses high
water-holding and retention properties when compared
with mineral soils. (erefore, in recent past due to having
large porosity, being lighter in weight, being free from pests
and pathogens, and having less chemical complexes, many
soilless substrates (peat, gravel, sand, rockwool, perlite, etc.)
have been used for growing different horticultural and or-
namental plants [10, 11].

Strawberry is also grown successfully in soilless culture;
however, the dynamics of nutritional value of strawberries
are highly dependent on the cultural media, environmental
conditions, and cultivation techniques [12]. Several studies
reported the role of diverse growing substrates on yield and
overall quality of fruits [1, 5]. Four pepper cultivars grown in
peat or in mixture media [peat + perlite + sand (1 :1 :1)]
under greenhouse conditions showed that mixture media
significantly improved fruit length, diameter, and weight in
all cultivars as compared with peat. However, fruit quality
parameters such as ascorbic acid content and total soluble
solids were found higher in peat grown plants than the
mixture media [13]. Similarly, an earlier study reported that
when cucumber plants were grown at four different growing
media, including peat, perlite, rice hull, and a mix substrate
(perlite and rice-hull 50 : 50 v/v), results showed that sub-
strates had significant effects on plant growth, total fruit
yield, marketable fruits, and fruit weight, while no significant
differences were observed among substrates in terms of fruit
quality such as fruit length, diameter, and total soluble solids
[14].

However, to our knowledge no studies have been done to
evaluate the nutritional composition of strawberry fruits
with respect to the nature of substrates. As growing substrate
is a crucial feature in determining the nutrient and water
uptake efficiency of plant which shows a significant role in
manufacturing different biochemical compounds, we believe
that this is an important question.

(e current study was designed to evaluate the effect of
four substrates on vegetative and reproductive growth and
quality of fruits with special attention given to pH, total
soluble solids, and titratable acidity which are responsible for
flavour and taste development in strawberries. Further,
secondary metabolites such as phenolics, flavonoids, ca-
rotenoids, and anthocyanins were also quantified during the
experiment as these are associated with health promoting
properties.

2. Materials and Methods

2.1. Experimental Details and Plant Material. (e current
study was done during 2018-2019 in the Department of
Horticulture, Faculty of Agriculture, University of Poonch
Rawalakot, Azad Jammu and Kashmir. Results reproduc-
ibility was confirmed by two experimental trials. (e first
trial took place from February to July 2018 and the second
from February to July 2019 for all the parameters tested. In
this study, different growth media were tested for cultivating
strawberries. Strawberry runners of cv. Chandler were
purchased from Mountain Agriculture Research Center
Juglot, Gilgit-Baltistan, and transplanted to small plastic pots
(12 inch). Based on the previous information reported, three
different growing substrates were selected for growing of
these runners. Each treatment was replicated three times and
ten pots per replicate were filled in a ratio of 1 :1 v/v
(growing media: soil) with each of the growing media
(polyester wool, rice husk, and wheat straw). Pots filled with
only soil served as control. One runner per pot was planted.
Physiochemical analysis of soil (preexperiment) which was
used for filling of pots and pH of different growth substrates
was done at Horticulture Lab, University of Poonch Raw-
alakot, and results showed that the soil was suitable for
growing of strawberry plants (Table 1).

2.2. Field Site Description. Strawberry plants were planted in
plastic pots and placed under shade at the Experimental Farm
of the Faculty of Agriculture, University of the Poonch
Rawalakot, Azad Jammu and Kashmir (latitude 33°51′32.18″N,
longitude 73° 45′34.93″E). Shade was provided with polyeth-
ylene sheet (PE 200µm). For this experiment, the pots were
placed 15 cm apart. Fertilizers such as farm yard manure
containing 0.5%N, 0.2% P2O5, and 0.5% K2O were mixed with
each growingmedia in a ratio (1 :1) and urea 0.5 g in one liter of
water was applied after one month of transplanting and then at
fifteen days interval till harvest. Other agronomic practices such
as irrigation were done twice in a week (200ml per pot), and
weeding was also done in order to ensure better growth and
quality of strawberry plants. Data regarding vegetative growth,
reproductive growth, and quality parameters of strawberry
were recorded as mentioned below.

2.3. Vegetative and Reproductive Growth Parameters.
(irty plants from each treatment were used for data col-
lection. Vegetative and reproductive growth were deter-
mined on the basis of various parameters. After one month
of transplanting strawberry runners, survival rate was
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observed by calculating the number of plants from each
treatment that survived divided by the number of plants
originally planted. Leaf area was measured using a mea-
suring scale at the time of harvest. (e number of runners
per plant was counted at the end of experiment. Days to first
flower, fruits per plant, and days to harvest at commercial
ripeness (>75% of the surface showing red colour) [1] were
also recorded. Chlorophyll a, b, and total were measured by
destructive sampling as given by Zahid et al. [15]. Overall

yield per plant was measured after weighing harvested fruits
from each plant and was expressed in grams. Fruit weight (01
fruit) expressed in grams (g) was determined using digital
weighing balance (Model: Shimadzu A× 200, Japan) and
average was taken. Diameter (01 fruit) expressed in milli-
meter (mm) was measured by using vernier calliper (Model:
Insize SR44), and the average was taken.

2.4. FruitQuality Parameters. Amixture of 300 g strawberry
fruits from each treatment was used in triplicate to measure
different fruit quality parameters. Fruits were kept in zip lock
poly bags and were taken to Horticulture Lab, University of
Poonch Rawalakot. Fruits were washed with purified water,
air dried, and used for various analysis. Total soluble solids
(TSS) were measured usingmethod of Association of Official
Analytical Chemists [16] by using hand refractometer
(Model: Kyoto Company, Japan) and expressed in per-
centage. Titratable acidity (TA) was determined through
titration method [17]. Briefly, the filtrate (5ml) with 2-3
drops of 0.1% phenolphthalein solution as an indicator was
titrated using 0.1N NaOH to a pink endpoint. TA was
measured in relation to ascorbic acid by using the following
formula and expressed as the percentage:

TA% �
ml of sodiumhydroxide used × 0.1N × equivalent weight of ascorbic acid

weight of sample × volume of aliquot
. (1)

pH of extracted fruit juice was determined according to
the method of AOAC [18] using a pH-meter (Model: WTW
82362 Inolab, Germany). pH-meter was calibrated with pH
4.0 and pH 9.0 buffers before taking observations. Electrode
was cleaned and dried before recording data for each sample.
Total phenolic contents were measured using spectropho-
tometer (Model: UV 4000, ORI, Reinbeker, Hamburg,
Germany) and a method given by Maqbool et al. [19].
Mixture was prepared using 10% Folin–Ciocalteau’s Reagent
(0.5ml), 7.0% sodium carbonate solution (1.5ml), and
aqueous extract (0.1ml). Purified water was added to make
volume of mixture up to 10ml. (is mixture was incubated
at 40°C for 2 hours, and the absorbance was measured at
750 nm using spectrophotometer (Model: UV 4000, ORI,
Reinbeker, Hamburg, Germany). Obtained results were
presented as µg of gallic acid/g fresh weight (FW) of fruit.
Total flavonoids were measured according to the method
given by Maqbool et al. [19], and the results were expressed
as mmol quercetin/100 g FW. Ash content was determined
by burning 0.5 g of dried fruits at 600°C in electric muffle
furnace (Model: SX-2-5-10) for three hours [20]. Ash
content was calculated by the difference observed in weight
[1]. Crude fiber was determined using the standard method
given by AOAC [21]. Fruit sample (5 g) was collected and
dried in an oven and then digested with 1.25% sodium
hydroxide (NaOH) and sulfuric acid (H2SO4) solution. After
that, samples were washed, dried, and then placed in a
furnace at temperature of 500 or 550°C until samples were

converted into white ash. (e fiber content was determined
by using the formula

Crude fibre �
(c − b) − (d − b)

(a)
× 100, (2)

where a is the sample weight, b is the crucible weight, c is
the sample weight before ignition, and d is the sample
weight after ignition.

Total carotenoids were measured by crushing strawberry
fruit (2 g) using mortar and pestle followed by mixing with
10ml of chilled acetone [22]. Filtration of reaction mixture
was done followed by separating of carotenoids from ace-
tone using petroleum ether. Absorbance was then taken at
450 nm using spectrophotometer (Model: UV 4000, ORI,
Reinbeker, Hamburg, Germany). Standard calibration curve
was prepared using all-trans-β-carotene (Sigma Chemical
Co., USA). Vitamin C was determined by using 2,6-
dichlorophenol indophenol dye. Fruit juice (5ml) plus 4%
meta phosphoric acid (5ml) was mixed, and the solution was
titrated by using dye until the persistence of light pink
colour. (e results were expressed as mg/100 g FW of fruit.
Total anthocyanin was measured using spectrophotometer
(Model: UV 4000, ORI, Reinbeker, Hamburg, Germany) by
pH dilution method [23]. Two buffers, that is, sodium ac-
etate (pH-4.5) and potassium chloride (pH 1.0), were used
for dilution of samples. (e absorbance of each dilution
sample was observed at 510 nm and 700 nm, respectively,

Table 1: Physicochemical properties of soil before planting
strawberry runners and pH of different growth substrates.

Parameters Average content
Total N (%) 0.016
Available P (mg kg− 1) 5.66
Available K (mg kg− 1) 96.67
Soil organic matter (%) 0.33
Sand (g kg− 1) 450
Silt (g kg− 1) 260
Clay (g kg− 1) 280
pH (soil) 7.4
pH (polyester wool) 8.5
pH (rice husk) 5.8
pH (wheat straw) 6.6
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using spectrophotometer. Anthocyanin pigment was
recorded as mg of cyaniding-3-glucoside/liter using an ex-
tinction coefficient of 29,600 and molecular weight of 449.2.
Antioxidant activity of strawberry samples was measured
using the technique given by Molyneaux [24] with slight
modifications. In this method, for measuring antioxidant
activity, free-radical l, l-diphenyl-2-picrylhydrazyl (DPPH)
was used. Mixtures of 50 µl-methanolic solution (diluted 1 :
6) of each extract was made by adding 0.1mM methanolic
solution of DPPH and placed in a dark place at room
temperature to react with each other. Reduction in the
absorbance of DPPH at 517 nm was recorded in gaps of time
of 5min until the absorbance stabilized for 30min. DPPH
radical scavenging activity of fruit extracts was measured by
using the formula

DPPH scavenging activity percentage � A0 –
As

A0
􏼠 􏼡 × 100,

(3)

where − A0 is the absorbance of the treatment under control
conditions and − As is the absorbance of the sample taken for
study.

2.5. StatisticalAnalysis. Experiment was set in a randomized
complete block design (RCBD) with three replicates, and it
was repeated twice, and results were pooled for analysis as
the important outcomes of separate analysis showed almost
parallel results across the trials. Collected data was subjected
to analysis of variance (ANOVA) using statistical software
(Statistix 8.1) [25] and means were compared using Tukeyʼs
test at P ˂ 0.05.

3. Results

3.1. Effect of Different Substrates on Vegetative and Repro-
ductive Growth Parameters of Strawberries. Results regard-
ing survival percentage of strawberry plants showed
significant differences (P< 0.05) among different growing
media (Figure 1). (e lowest survival percentage (64.63%)
was noted in strawberry plants grown in wheat straw, while
the highest survival percentage (89.50%) was noted in plants
grown in polyester wool. However, a nonsignificant dif-
ference (P> 0.05) was observed in survival percentage of
strawberry plants grown in rice husk (70.50%) and soil
(67.56%).

On the bases of survival percentage results soil, polyester
wool, rice husk, and wheat straw were used for further
studies.

Different growing media showed a significant (P< 0.05)
difference in terms of vegetative growth of strawberry cv.
Chandler (Table 2). Maximum leaf area was noticed in plants
grown in polyester wool, while minimum leaf area was
observed in plants grown in soil, whereas nonsignificant
difference (P> 0.05) was recorded between plants grown in
rice husk and wheat straw. Significantly (P< 0.05) higher
number of runners per plant were observed in polyester
wool.

Results regarding days to first flower of strawberry plants
revealed nonsignificant differences (P> 0.05) among dif-
ferent growing media (Table 3). All the plants took almost 52
to 57 days for appearance of first flower. Results regarding
average number of flowers and average number of fruits per
plant showed a significant (P< 0.05) difference among all
treatments. Maximum number of flowers (29.73) and fruits
(27.00) were recorded in plants grown in polyester wool,
while minimum number of flowers (16.1) and fruits (14.60)
were noted in plants grown in soil (Table 3). Rice husk and
wheat straw statistically showed no difference for flowering
and fruiting.

Results regarding number of days to harvest and yield
per plant showed significant (P< 0.05) differences among
treatments (Table 3). A minimum number of days to fruit
harvest were recorded in polyester wool (115.6), whereas
plants grown in soil took maximum number of days (132.4)
for fruit harvesting. Similarly, maximum yield per plant
(324.03 g) was found from plants grown in polyester wool,
while minimum yield was recorded in plants grown in soil
(163.52 g) (Table 3).

Results regarding chlorophyll showed significant
(P< 0.05) differences among all substrates under study
(Figure 2).(e highest chlorophyll a, b, and total chlorophyll
content were recorded in plants grown in polyester wool. In
the case of chlorophyll b, plants grown in rice husk and
wheat straw showed a nonsignificant (P> 0.05) difference
with plants grown in soil.

Fruit characteristics in terms of weight of fruit and di-
ameter of fruit were recorded for strawberries grown in
different growth medium. A significant (P< 0.05) difference
was recorded in weight of fruit and diameter of fruit of
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Figure 1: Effect of different growth substrates on survival per-
centage (%) of strawberry cv. Chandler. Vertical bars indicate
standard error of means (±SEM) for three replicates.

Table 2: Effect of different growth substrates on vegetative growth
of strawberry cv. Chandler.

Treatments Leaf area (cm2) No. of runners
Soil (control) 40.63± 0.22 c 20.65± 0.40 bc
Polyester wool 61.46± 0.48 a 32.66± 0.46 a
Rice husk 53.30± 0.32 b 25.33± 0.18 b
Wheat straw 53.46± 0.26 b 22.34± 0.59 b
Note. Different letters in each column indicate significant (P< 0.05) dif-
ference among treatments, ±SD.
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strawberries grown in different media (Figure 3).(e highest
fruit weight (19.2 g) was recorded in fruits grown in polyester
wool, while the lowest weight of fruit was recorded in fruits
grown in soil (13.9 g) (Figure 3(a)). Data regarding diameter
of fruit showed that fruit grown in polyester wool had bigger
sized fruits as compared to fruits grown in other growth
medium (Figure 3(b)).

Our results are supported by correlation equation
(y� 0.2693x+ 1.5783; R2 � 0.9562) between total chlorophyll
content and weight of fruit which revealed that one unit
increase in total chlorophyll content resulted in 0.2693 units
increase in weight of fruit (Figure 4(a)). Similarly, corre-
lation equation (y� 0.296x+ 2.674; R2 � 0.8776) between
total chlorophyll content and fruit diameter revealed that
one unit increase in total chlorophyll content resulted in
0.296 units increase in diameter of fruit (Figure 4(b)).

3.2. Effect of Different Substrates on Quality Parameters of
Strawberries. Significant differences (P< 0.05) were ob-
served among all treatments tested in terms of quality of
strawberries (Table 4). Fruits obtained from plants grown in
polyester wool showed higher TSS (12.38°Brix), TA (1.21%),
pH (3.94), ash content (0.72%), and crude fiber content
(2.69%), while fruits obtained from plants grown in rice husk
and wheat straw were comparable with each other. (e
lowest amount of nutrients was recorded in fruits grown in
soil (Table 4).

Significant differences (P< 0.05) were observed among
treatments tested in terms of health-related compounds
(Table 5). Fruits obtained from plants grown in polyester
wool showed higher amounts of total carotenoids (3.90 µg/
100 g FW), vitamin C (37.39mg/100 g FW), total anthocy-
anins (3.47mg cyaniding-3-glucoside/100 g FW), total fla-
vonoids (8.08mmol quercetin/100 g FW), total phenolics
(8.60 µg gallic acid/g FW), and radical scavenging activity
(94.3%) (Table 5), while fruits obtained from plants grown in
rice husk and wheat straw were comparable with each other.
(e lowest amount of health-related compounds were
recorded in fruits grown in soil (Table 5).

4. Discussion

4.1. Effect of Different Substrates on Vegetative and Repro-
ductive Growth Parameters of Strawberries. (e influence of
growth media on the survival percentage of plants is highly
dependent on bulk density and pH of growth media [26].
Low bulk density of soilless media results in low water
holding capacity of media which results in low uptake of
nutrients by the plants. Similarly, survival and growth of
plants is also highly dependent on pH, aeration, and organic
matter in growing media [27]. In this study, wheat straw
possessed less pH (6.6) which had ultimately affected the
uptake of nutrients and hence resulted in less growth. In case
of polyester wool (pH: 8.5), the high survival percentage
could be due to its high-water holding capacity which is
helpful for better uptake of nutrients by the plants [5].

In a previous study, it was observed that vegetative
growth of strawberry varied with the ecological conditions of
substrate [28]. (erefore, the maximum leaf area and
number of runners recorded in plants grown in polyester
wool might be attributed to the fact that polyester wool had
better water holding capacity than other substrates used
during this study. Further, Ercisli et al. [27] also found
similar results where they reported that good aeration and
low water tension with high water holding capacity gave
positive results on development and growth of strawberry
roots. It has also been reported that strawberry can grow
better in alkaline soils (pH: 7.2-8.8), whereas the pH of rice
husk and wheat straw lied between 5.8 and 6.6 [29]. (is low
pHmight be the reason for lower vegetative growth observed
in strawberries grown in medium containing rice husk and
wheat straw.

Chlorophyll is responsible for photosynthesis. Increase
in chlorophyll content results in increased photosynthesis
which has positive effects on crop growth and increases yield
by reducing moisture loss [30].

Table 3: Effect of different growth substrates on reproductive growth of strawberry cv. Chandler.

Treatments Days to first flower No. of flowers No. of fruits Days to harvest Yield (g)
Soil (control) 57.63± 0.15 a 16.10± 0.10 c 14.60± 0.21 c 132.40± 1.08 a 163.52± 1.70 c
Polyester wool 52.40± 0.37 a 29.73± 0.07 a 27.00± 0.08 a 115.60± 1.73 c 324.03± 4.34 a
Rice husk 50.90± 0.19 a 23.60± 0.21 b 21.80± 0.65 b 123.20± 1.67 b 283.03± 3.72 b
Wheat straw 52.46± 0.24 a 22.00± 0.17 b 20.43± 0.28 b 121.70± 1.75 b 275.13± 5.63 b
Note. Different letters in each column indicate significant (P< 0.05) difference among treatments, ±SD.
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bars indicate standard error of means (±SEM) for three replicates.

Journal of Food Quality 5



In our results, overall yield of strawberry depended on
different growth substrates. (e higher yield was obtained in
plants grown in polyester wool. However, it is unclear that
which chemical or physical factor had the most influencing

role in plant growth and consequently the overall yield.
Recent studies showed that microbial growth in soilless
substrates showed a positive influence on roots of plants
resulting in better plant growth [12].
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Figure 4: Relationship between chlorophyll contents: (a) fruit weight and (b) fruit diameter of strawberry cv. Chandler at P< 0.05.

Table 4: Effect of different growth substrates on proximate nutrients of strawberry cv. Chandler.

Treatments TSS (Brix) TA (%) pH Moisture (%) Ash (%) Fiber (%)
Soil (control) 7.36± 0.33 c 0.69± 0.03 c 3.94± 0.09 a 80.36± 2.06 b 0.54± 0.01 c 2.21± 0.06 c
Polyester wool 12.38± 0.36 a 1.21± 0.04 a 3.54± 0.06 c 91.76± 2.28 a 0.72± 0.01 a 2.69± 0.06 a
Rice husk 9.93± 0.41 b 1.07± 0.02 b 3.70± 0.11 b 85.00± 1.17 b 0.66± 0.02 b 2.43± 0.09 b
Wheat straw 9.16± 0.33 b 1.08± 0.07 b 3.73± 0.09 b 82.80± 1.55 b 0.65± 0.02 b 2.42± 0.06 b
Note. Different letters in each column indicate significant (P< 0.05) difference among treatments, ±SD; TSS� total soluble solids and TA� titratable acidity.
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Figure 3: Effect of different growth substrates on (a) fruit weight g and (b) fruit diameter (mm) of strawberry cv. Chandler. Vertical bars
indicate standard error of means (±SEM) for three replicates.
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Fruit characteristics are highly correlated with
chlorophyll content. It is generally believed that increase
in leaf area which is active for photosynthesis is re-
sponsible for increase in fruit weight and size [9]. In our
results, maximum weight and diameter of fruit could be
due to the high chlorophyll pigment in plants grown in
polyester wool.

4.2. Effect of Different Substrates on Quality Parameters of
Strawberries. Different culture systems and phenotypes
affect the nutrient quality of strawberries [31]. High acidity
and high total soluble solids are responsible for good flavour
[3]. Total soluble solids and acidity vary with change in
genotypes of strawberries [9]. Difference in nutrient com-
ponents of strawberry is highly dependent on growth media
as the osmotic pressure in growth media affects the avail-
ability of nutrients to plants [5]. Results regarding ash and
fiber in strawberry varied among different growth media
which might be related to the availability of sugar content
which are responsible for ascorbate synthesis.(is precursor
is necessary for enhancing the nutrient components in fruits
[5].

Beneficial effects of fruits on the human body mainly
depend on concentration of vitamin C, carotenoids, to-
copherols, and flavonoids [32]. Differences in health-related
compounds in strawberry grown in different growth sub-
strates might be due to the fact that different bacteria grow in
root zones of strawberries in soilless cultures [12]. (ese
bacteria are responsible for the availability of wide range of
substances (nitrogen, carbon, Fe, etc.) and enable plants to
take nutrients from media in adequate amounts. Straw-
berries are a rich source of vitamin C and this content is 10
times higher than in apples and grapes [33]. Synthesis of
vitamin C is genetic factor and tissue specific [34]. However,
its synthesis is anabolic in plants and follow the L-galactose
pathway which is related to photosynthetic activity of plants
[5]. Increased chlorophyll content in plants grown in
polyester wool resulted in increased vitamin C content in
strawberry fruits which could be due to the higher photo-
synthetic rate [9]. Increased leaf area and high chlorophyll
content in our results are responsible for the increased
photosynthetic rate, thus helping in accumulation of vitamin
C in fruits.

Total carotenoids are one of the most important anti-
oxidants found in strawberries. It is reported that increase in

total carotenoids is enhanced with the process of photo-
synthesis [35]. (e process of photosynthesis occurs mainly
due to the presence of chlorophyll, and it has been reported
that chlorophyll and carotenoids are positively correlated
with each other. Moreover, both the chlorophyll and ca-
rotenoids are derived from the same pathway which is 2-C-
methyl-D-erythritol 4-phosphate (MEP).(erefore, they are
strongly dependent on each other [36]. It is also believed that
total carotenoids are helpful in contributing colour to the
fruits at final stages of ripening. A similar trend was observed
in tomato fruits where de novo synthesis of carotenoids
occurred mainly due to transformation of chloroplasts to
chromoplasts [37]. In this way, increased amount of total
carotenoids in strawberry fruits grown in polyester wool
could be associated with the increased rate of photosyn-
thesis, which helped in accumulation of carotenoids in
harvested fruits.

Flavonoids are also responsible for different antioxidant
activities in the human body. Besides their beneficial human
health effects, flavonoids also help reduce over ripening in
fruits. Moreover, they are important group of plant sec-
ondary metabolites which help in accumulation of flavonols
and flavones which are used to protect plants from different
biotic and abiotic stresses [38]. Some particular flavonoids
can play vital role in regulation of climacteric ethylene
biosynthesis resulting in stimulation of fruits ripening [39].
In many fruits, flavonols are the main flavonoids at the
beginning of fruit development and several studies dem-
onstrated that high light intensity affected the expression of
genes responsible for biosynthesis of flavonoids and con-
sequently increased the amount of flavonols [40–43]. In a
recent study by Yuan et al. [42], it was observed that the
biosynthesis of flavonoids and accumulation of secondary
metabolites in soybeans was dependent on many factors
including the rate of photosynthesis. With the increase in
rate of photosynthesis, there was a great increase in flavo-
noid contents which influenced the fruit colour and nu-
tritional quality. (us, increased amount of flavonoids in
fruits grown in polyester wool could be linked with the
increased rate of photosynthesis, which helped in accu-
mulation of flavonoids in strawberry fruits.

Anthocyanins and phenols are also very significant
health-related compounds found in strawberry. Strawberry
is a rich source of polyphenols [44]. Some researchers ad-
vocated that polyphenols account for more than 50% of total
phenols in strawberry [45]. In our results fruits grown in

Table 5: Effect of different growth substrates on health-related compounds of strawberry cv. Chandler.

Treatments
Phenolic (µg
gallic acid/g

FW)

Flavonoids (mmol
quercetin/100 g

FW)

Carotenoids
(µg/100 g FW)

Vitamin C (mg/
100 g FW)

Anthocyanins (mg
cyanidine-3-glucoside/

100 g FW)

Total antioxidants (%
radical scavenging

activity)
Control 4.97± 0.18 c 4.50± 0.19 c 1.16± 0.08 c 25.74± 0.99 b 0.98± 0.03 c 84.50± 2.90 c
Polyester
wool 8.60± 0.70 a 8.08± 0.32 a 3.90± 0.44 a 37.39± 1.58 a 3.47± 0.18 a 94.30± 3.08 a

Rice husk 7.35± 0.32 b 6.22± 0.26 b 2.83± 0.15 b 28.55± 0.95 b 2.04± 0.14 b 89.90± 1.61 b
Wheat
straw 6.90± 0.42 b 6.00± 0.58 b 2.86± 0.57 b 28.59± 1.98 b 2.01± 0.09 b 88.60± 2.89 b

Note. Different letters in each column indicate significant (P< 0.05) difference among treatments, ±SD; FW: fresh weight.
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polyester wool showed the highest amount of total antho-
cyanins and total phenols which might be due to the increase
in chlorophyll content. Similar results were obtained by
Mart́ınez et al. [9] where they observed higher amount of
total anthocyanins and total phenols in strawberries grown
in coir fiber. Further, they recorded that with the increase in
SPAD values, there was an increase in total anthocyanins
and total phenols. To confirm our findings, a study con-
ducted by Pestana et al. [46] reported that lower SPAD
values significantly reduced the amount of anthocyanins and
total phenols in strawberry fruits. (e changed amount of
phenolic and anthocyanin compounds results in changed
antioxidant activity which endorses the theory that the kind
of growth substrate is vital for antioxidant capacity in
strawberries [47]. In a recent study by Wysocki et al. [48], a
higher yield as well as increased contents of polyphenols and
anthocyanins were found in strawberry fruits from plants
cultivated in the peat-coconut substrate. However, in this
study, the increased contents in strawberry fruits obtained
from plants grown in polyester wool growth substrate
confirm that this substrate provided better conditions for
plant development and assimilation of the assessed
compounds.

5. Conclusions

Results of this study indicate that growth substrates had a
great influence on vegetative and reproductive growth and
quality indexes of strawberry cv. Chandler. (ese findings
also suggest that polyester wool may serve as a valuable
growth substrate for successful improvement in growth, yield,
and quality of strawberry cv. Chandler. However, further
studies should be carried out with different cultivars of
strawberries to draw a general conclusion regarding the effect
of growth substrates on vegetative and reproductive growth
and quality. Consideration also needs to be given concerning
the viability of expanding the use of polyester wool, the likely
economic and environmental costs linked to its use and
subsequent disposal, and sociocultural challenges to uptake.
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Although superficial scald (SS) is well characterized on apples, there are only a few insights concerning the influence that
agronomic and management variability may have on the occurrence of this physiological disorder on pears. In this study, we
aimed to improve our understanding of the effect of different preharvest factors on SS development using a multivariate statistical
approach. Pears (Pyrus communis L.) cv “Abate Fetel” were picked during two consecutive seasons (2018-2019 and 2019-2020)
from twenty-three commercial orchards from three growing areas (Modena, Ferrara, and Ravenna provinces) in the Emilia-
Romagna region of Italy. Bioclimatic indices such as weather and soil, agronomic management such fertilization and irrigation,
orchard features such as rootstock and training systems, and SS incidence were carried out at harvest and periodically postharvest
in all producers. Two different storage scenarios (regular atmosphere and use of 1-MCP) were also evaluated. Our data in both
seasons showed high heterogeneity between farms for SS symptoms after cold storage either in the regular atmosphere or with 1-
MCP treatment. Nevertheless, in 2018, all the producers showed SS at the end of the storage season, but in 2019 some of them did
not exhibit SS for up to 5 months. In fact, some preharvest factors changed considerably between the two seasons such as yield and
weather conditions. Indeed, some factors seem to affect SS in both growing seasons. Some can increase its occurrences such as
physiological and agronomical factors: high yields, late date of blooming, heavy downpours, improper irrigation management
(low watering frequency and high volumes), nitrogen (included that deriving from organic matter), soil texture (presence of clay),
orchard age, and canopy volume in relation to training system and rootstock. Others can decrease SS such as climatic and
management factors: late harvest dates, rain, gibberellins, calcium, manure, absence of antihail nets or use of photoselective nets,
and site (probably related to better soils toward the Adriatic coast). Initial preharvest variability is an important factor that
modulates physiological plant stress and, subsequently, the SS after cold storage in “Abate Fetel” pears. Multivariate techniques
could represent useful tools to identify reliable multiyear preharvest variables for SS control in pear fruit different batches.

1. Introduction

#e need to investigate fruit quality and postharvest man-
agement during long-term storage is accentuated by the fact
that many Italian farmers have increased their fall pro-
ductions (e.g., apples, pears, and kiwifruits), notoriously
more demanding in terms of their management in the
postharvest phase to avoid relevant economic losses [1].
Superficial scald (SS) is one of the main causes of product

loss in winter pears such as the “Abate Fetel” variety inside
storage cold chambers [2, 3]. #e symptom appears as a
general browning of the skin, due to the necrosis of the
superficial tissues of the epidermis [4].#e study of aetiology
is complex, but two main factors can be identified: cold
damage and oxidative stress [5–7]. Over the years, attention
has also been focused on the volatile α-farnesene compound
and its oxidation process, considered to be the main re-
sponsible for this disorder [8–10]. Nowadays, the rapid and
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nondestructive analysis of the VOC array carried out by
PTR-ToF-MS identified 6-methyl-5-hepten-2-one (MHO)
significantly associated with the development of the SS [11].
To prevent this disorder, until a few years ago, it was possible
to treat in postharvest with ethoxyquin [12]. #e ban on its
use by the EU has raised considerable concerns. Nowadays,
chemical treatments with 1-MCP to prevent SS provide
results that are not fully acceptable: the main issue is the very
slow poststorage maturation and a lack of consistency
against SS [13]. “Abate Fetel” pears are affected by low
oxygen and ethylene inhibitors, which can cause soft scald or
inhibit its maturation even after normal shelf life, respec-
tively [14]. Other methods of disorder mitigation include
controlled atmosphere (CA) storage, dynamic CA regulated
by chlorophyll fluorescence, oil wraps, and temperature
conditioning [4]. However, relatively little is known about
crop protectant postharvest practices [15], such as inter-
mittent warming early in the cold storage period, which can
be as effective as conventional chemicals [16]. Furthermore,
the physiological development and subsequent ripening of
the fruit of “Abate Fetel” can change dramatically depending
on the previous years based on yields [17] and agronomic,
climatic, or orchard management factors [18–20]. It is
therefore evident that it is difficult to put in practice con-
solidated guidelines for the postharvest management of this
variety. Horticultural researchers often must measure
complex traits and develop relationships with treatments or
associated variables. SS symptoms are just the final ex-
pression of a physiological disorder, which is multifactorial
[20]. Identifying a single variable may not be possible, so we
are forced to test many related variables. If the researcher
uses univariate statistics to quantify differences or rela-
tionships, then the number of separate analyses required will
equal the number of individual variables measured. Mul-
tivariate analysis reduces a large dataset to a small number of
components, which can be scored along independent, linear
axes. Variables strongly associated may share some un-
derlying biological relationship. #ese associations are often
useful for generating hypotheses or for understanding the
behaviour of complex traits [21]. Many examples exist in the
literature where multivariate analysis has been used suc-
cessfully in plant sciences to develop novel hypotheses, to
simplify large datasets, or to understand the response of
complex traits [22, 23]. Hence, this research aims to in-
vestigate SS occurrence in “Abate Fetel” pears, which rep-
resents a model for postharvest storage disorders, to better
understand the preharvest factors leading to a strong sus-
ceptibility of some producers’ batches during storage and
after shelf life. Advanced statistical tools are used to describe
and identify best practices under the control of farmers or
predictable variability of weather or soil that can help to
manage, store, and sell “Abate Fetel” pears depending on
their potential for storage in healthy conditions.

2. Materials and Methods

2.1. Plant Materials and Experimental Design. Twenty-three
orchards of “Abate Fetel” pear located in the Emilia-
Romagna region (Italy) in two consecutive seasons (2018-

2019 and 2019-2020) were identified, characterized by a
variable incidence, in the past, of poststorage SS. For each of
them, we proceeded to a detailed characterization of the
different crop management parameters, such as nitrogen
and microelement application, irrigation regimes, applica-
tion of plant growth regulators, soil texture and organic
matter content, soil cover management, rootstock, training
system, and presence/absence of hail nets. #e productivity
of the orchards, the temperatures and rain events, and the
flowering and harvesting dates were also considered. To
improve the characterization, surveys about preharvest
factors were carried out with each producer considering
their field diaries and experience about their orchards. At
harvest, appropriate quantities of the product were then
placed in a regular atmosphere (−0.5°C and >90% of relative
humidity (RH)): eighteen boxes for each farm in the first
year and twelve boxes in the second year. #ereafter, six
boxes for each producer each year were treated with 1-MCP
(Smart-FreshTM, AgroFresh Inc., Springhouse, PA, USA)
and stored in a different room in the same company. After 3,
4, and 5 months of storage, the room was opened, following
the calendar normally applied by the company.

2.2. Superficial Scald Assessment in “Abate Fetel” Pears.
After 3, 4, and 5 months of cold storage plus 7 days at room
temperature (20°C) and controlled humidity (60% of RH),
the presence and extent of SS were assessed in 30 fruits per
farm. We defined four classes depending on the severity of
symptoms in the skin of pears: class 0 where there was no
peel browning, class 1 from 0% to 25% of SS, class 2 from
25% to 50% of SS, and class 3 over than 50% of SS after shelf
life. A SS index was computed as follows [24]:

scald index � 􏽘
4

0

(index level)x(fruits at this level)
total number of fruits

. (1)

2.3. Data Treatment and Statistical Analysis. All the data
collected were subjected to multivariate analysis, to highlight
which—among the factors considered—appears to be more
related to the onset of SS. Multivariate statistical analyses,
including canonical analysis (CA) and canonical corre-
spondence analysis (CCA), were performed using the sta-
tistical software R [25] by addition of packages “candisc”
[26] and “vegan” [27]. CA was applied to describe the
evolution of SS through epochs and years and the effect of 1-
MCP treatment. Afterwards, CCA was used to estimate the
interactions between the frequencies of SS classes and the
quantitative and qualitative variables. In the first case, the
blue vector indicates the increase of the factor in a certain
direction while in the second analysis the arrow means the
presence of the factor (value 1; e.g., pear orchard with
antihail nets). On the contrary, we have its absence or an
opposite factor on the other side (value 0; e.g., training
system such as fruit wall vs. spindle). Finally, we considered
the total variability explained by two components (CCA1
and CCA2) and how each variable affects the first and the
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second component. Factors and SS data of each epoch (3, 4,
and 5 months) and year (2018 and 2019) were combined in
CCAs to elaborate the overall picture. In the latter algorithm,
1-MCP treatment was not considered because of its ex-
tremely different behaviour between two consecutive
seasons.

3. Results and Discussion

3.1. Superficial Scald Development in “Abate Fetel” Pears.
Although “Abate Fetel” pears certified by Protected Geo-
graphical Indication (IGP) should guarantee consistent
quality levels, the unavoidable variability arises from
growing environment and production systems, which in-
fluence major preharvest factors [28]. Similarly, our data in
seasons 2018-2019 and 2019-2020 showed a high hetero-
geneity between farms after cold storage concerning SS
development (Figure 1). In general, we observed that
damage of SS increases with time during storage up to 5
months (from 1.1 and 1.2 to 3.1 and 3.2) in a cold room for
all the producers in both seasons (Figure 1). However, in
2018 after 5 months almost all the batches had symptoms of
SS, but in 2019 some of them did not yet have important SS
symptoms after 5 months (Table 1). Regarding 1-MCP
treatment (4.1 and 4.2), we noticed that it helped to prevent
SS in season 2019-2020, but it was not effective in season
2018-2019 (Figure 1). Moreover, some producers (e.g., 451 in
the first season and 222 or 242 in the second season) lost
their ripening capacity after 5 months of cold storage or with
1-MCP treatment (data not shown). Some findings reported
that “Abate Fetel” pears stored in a normal atmosphere after
4 months become sensitive to SS, can lose their ripening
ability and remaining firm, and become dry and unable to
reach a buttery and juicy texture, satisfactory for con-
sumption [29, 30]. Nevertheless, some farms showed more
symptoms than others with different SS indexes (Table 1),
probably because of different locations and the current
heterogeneity of preharvest factors. For instance, Moggia
et al. (2015) [31] reported high variation in apple across sites
in the occurrence of internal browning, reaching up to 48%
in some locations. As evidence, multivariate analysis allowed
a classification of orchards according to their geographical
coordinates and incidence of physiological issues [31].

3.2. Environmental and Agronomic Factors Affecting Super-
ficial Scald in “Abate Fetel” Pears. Some preharvest factors
changed considerably between the two seasons such as yield
and weather conditions (Table 1), which are reported to
affect SS symptoms [32–36]. High variability of fruit peel
browning was observed between different years and between
producers with different geographic and climatic variables
(Table 1). Nevertheless, over six years, the same types of
disorder can appear within the same orchard [31] and,
consequently, it could be forecasted.

Crop load management is particularly important be-
cause it can affect plant physiological status and suscepti-
bility to storage disorders [34]. In both seasons, high yield
increases SS, probably due to an unbalance between source-

sink ratio and reduction of element concentration. In the
first CCA, the high yield projection to the first axis is 0.61 in
the direction of class 2 and class 3 (Figure 2), while in the
second multivariate analysis production of less than 30 tons
per hectare contributes to axis 1 of 0.57 to class 0 (Figure 3).
Crop load, associated with warmer climate conditions at
harvest, can affect the balance of carbohydrates and calcium
in the fruit and leaves and, subsequently, affect postharvest
secondary metabolism and, possibly, susceptibility to SS
[37, 38]. Indeed, high vegetative vigour can lead to tran-
spiration imbalances and fewer elements being allocated to
the developing fruit [39]. On the other hand, other re-
searchers reported that “Passe Crassane” pear from less
productive trees have also been shown to be more suscep-
tible to browning disorders [40].

Considering both seasons, we found that late harvest
dates, expressed as days after full bloom (DAFB), can
prevent the occurrence of SS (contribution to component 1
is 0.43 against SS; Figure 2). As evidenced, the harvest of
“Abate Fetel” pears in 2019, when we had a low SS oc-
currence in fruit, was delayed by 14 days (Table 1). In
contrast with this work, SS of “Abate Fetel” pears grown in
Argentina in the same orchard and in the same season
affected 18% and 33% of the fruit harvested on 23 January
and 6 February, respectively [41]. On the other hand, many
other papers reported that SS is more severe on early-
harvested fruit than on later-picked apples and pears
[42, 43]. #erefore, we assume that growing conditions
modulating fruit biochemistry would contribute to the
effect of the harvest day over SS occurrence, which may
justify contrasting findings from different authors with
fewer orchards and seasons [44]. In fact, it seems that late-
harvested “Abate Fetel” pears have a biochemical profile,
such as sugar ratio and antioxidant compounds, enabling
them to address the stressful storage condition. #erefore,
the increased susceptibility to SS of immature fruit may be
attributed to low antioxidants [45].

Bloom date is the first important information to roughly
predict the commercial harvest time for a variety. Anyway, a
3- to 4-week variation in bloom date for the same cultivar in
the same environment has been reported, showing how
phenology in every single year is affected by temperature
[46, 47]. In Figure 2, we observed that a late full bloom,
expressed as days from the beginning of the year, can in-
crease the occurrence of SS during storage (contribution to
component 1 is 0.78 toward SS). In fact, in 2019, we reg-
istered an earlier blooming of 10 days compared to 2018. On
the other hand, the harvest day between producers was just 3
days delayed in the second year (in 2018 was 03/09 and in
2019 was 06/09). #e earlier the bloom time, the longer
generally the fruit growing season [48]. So, in 2018, we had a
shorter season (146 DAFB) than 2019 (160 DAFB), when we
evaluated just a few SS symptoms (Table 1), and, probably,
the stock of cold protectant compounds such as secondary
metabolites and sugar alcohols with osmoregulatory prop-
erties could increase in the fruit. Based on the 30- to 40-year
data, global warming is affecting fruit quality; in general,
earlier blooming and increase of temperatures (in particular
close to maturity) led to more storage disorders [47, 49].
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Indeed, DAFB cannot always be a precise indicator of fruit
maturity, worsened by the fact that a broader bloom window
can make fruit maturity even more heterogeneous and lead
to errors in predicting optimal harvest dates to avoid SS [48].
#e lack of fruit maturation uniformity impacts postharvest
operations leading to the necessity to sort fruit in a more
homogeneous way to tailor specific storage programs
depending on the maturity at harvest to avoid storage issues
[50].

Regarding preharvest factors, many studies on fruit
quality at harvest highlighted the importance of weather
conditions during fruit development [51]. Indeed, soil
moisture and precipitation, higher than 120mm, especially
during cellular expansion, encourage vegetative growth and
affect fruit maturation, explaining 39% of firmness variation
[33, 52]. In the same way, SS in our work was affected by
heavy downpours during summer (projection to component
2 is 0.19 toward class 3; Figure 3), which led to flooding and
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Figure 1: Discriminant canonical analysis (DCA) that describes the behaviour of superficial scald in “Abate Fetel” pears (the blue vectors are
clas0 0%, clas1 1%–25%, clas2 26–50%, and clas3 51–100% of peel symptoms) and farm scores (coloured points) in two seasons (2018-2019
and 2019-2020). Percentages in parentheses represent the variance of each component (Can1 and Can2). #e following abbreviations have
been used for the epochs of sampling from cold rooms after 3 months in 2018 (1.1) and 2019 (1.2), 4 months in 2018 (2.1) and 2019 (2.2), 5
months in 2018 (3.1) and 2019 (3.2), and 5 months with 1-MCP in 2018 (4.1) and 2019 (4.2).

Table 1: Changes in preharvest factors (kilograms of nitrogen from fertilization, millimetres of rain during the growing season, yield in tons
per hectare, harvest day expressed as day after full bloom (DAFB) and SS index after 5 months of storage of “Abate Fetel” producers between
the first season (2018) and the second season (2019).

Producers
Nitrogen (kg) Rain (mm) Yield (t/ha) Harvest day

(DAFB) SS index

1°Y 2°Y 1°Y 2°Y 1°Y 2°Y 1°Y 2°Y 1°Y 2°Y
111 70 151 236 279 45 29 146 162 40.8 14.2
121 31 219 302 281 52 28 146 160 50.0 8.3
131 79 45 226 313 54 41 145 151 61.7 45.8
212 128 82 287 347 40 27 152 165 37.1 25.0
222 67 43 320 354 22 11 152 160 41.7 0.8
242 141 44 152 467 23 5 149 163 35.8 3.3
262 84 110 188 406 40 20 149 164 58.8 16.7
272 9 37 356 416 20 15 147 159 25.0 2.5
282 49 115 124 387 29 21 147 163 50.4 31.7
292 44 20 185 405 15 19 145 163 20.4 48.3
311 339 150 281 339 23 4 146 162 45.8 4.2
321 58 80 248 319 17 10 146 162 58.8 20.0
331 94 73 196 368 41 12 146 162 56.3 39.2
341 98 148 217 332 16 8 153 150 55.4 41.7
351 135 209 256 309 24 20 143 150 20.8 30.8
412 83 168 197 408 38 13 144 157 37.5 23.3
432 62 71 276 448 45 13 146 161 62.9 23.3
442 107 64 194 411 33 13 140 159 54.6 15.8
451 3 79 244 293 40 28 141 165 2.5 5.0
461 75 70 209 301 57 22 143 168 21.3 5.0
472 99 100 375 454 35 16 144 154 45.0 28.3
482 55 120 403 327 35 6 145 151 28.3 7.5
492 133 103 248 354 30 11 146 160 57.1 12.5
Average 89 100 249 362 34 17 146 160 42.1 19.7
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unbalance between fruit development and vegetative growth.
Nevertheless, high soil moisture conditions are either the
result of high irrigation or intense rainfall. Without consid-
ering fruit quality, the contribution of precipitations and
irrigation against SS to component 1 is 0.64 and 0.14, re-
spectively. To explain that, low precipitation conditions may
be involved with calcium deficiency and, thereby, loss of cell
turgor [53], as a result of reduced transportation of ions to and
from cells [54]. In addition, it is possible that proteins spe-
cifically induced by low temperature and, associated with
tolerance of cold damage, may have a longer-term effect [55].
It was postulated that preharvest temperatures below
10°degrees 2-3 weeks before harvest increase the content of
unsaturated fatty acids such as oleic (C18 :1) and linoleic
(C18 : 2) acids to cope with this stress [44, 56]. Contrarily, it is
also reported that low air temperature conditions reduce

storability at harvest by diluting the calcium concentrations
absorbed by the fruit [36]. However, precipitation events are
closely related to low light intensities and low air temperatures
and, as consequence, can affect the early drop of fruitlets
between 30 and 60 DAFB [52] and, consequently, yield. In
particular, in the second season (2019) which was rainy and
with low SS, in general, yields were below average (Table 1).

Low density and larger trees, with lower temperature and
light penetration inside the canopy [55], increase SS oc-
currence in stored pear fruit. In Figure 2, the contribution
toward class 2 in components 1 and 2 of canopy volume is
0.10 and 0.25, respectively. Indeed, many fruit characteristics
such as skin colour, flesh firmness, titratable acidity, soluble
solids, and fruit size are influenced by the light [32, 57, 58],
and therefore, defining the ripening distribution of fruit in
the whole canopy could impact the storage process.
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watering in days (freq), total (N) and organic nitrogen (Norg) expressed in kilograms in fertilizers, nitrogen in soil in percentage (Nsoil),
organic matter in soil in percentage (orgsoil), volume of the canopy in m3 (vol), yields of the orchards in tons (yields), and quantity in grams
of gibberellins (horm).
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Figure 3: Canonical correlation analysis (CCA) of superficial scald classes of “Abate Fetel” pear (clas0 0%, clas1 1%–25%, clas2 26–50%, and
clas3 51–100% of peel symptoms) against qualitative orchard features (blue vectors) and the scores of producers (black circles) in two
seasons (2018-2019 and 2019-2020). Total variability explained (18%): CCA1 (93%); CCA2 (4%). #e following abbreviations have been
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(1) or no (0), orchard average productivity (yield) ≤30 t/ha (1) or >30 t/ha (0), and presence of coloured nets or no-nets (netCol) yes (1) or no
(0).
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#e ability of light to penetrate tree canopies and,
therefore, to affect microclimate of fruit, is influenced by
several factors including tree spacing, canopy architecture
[59], rootstock, orchard management practices, such as
pruning and thinning [60], and presence of antihail nets
[61]. Regarding training system and rootstock, a slight
correlation in Figure 3 was found in our trial where weak
rootstocks and spindle-shaped trees, with small canopies,
showed reduced SS. In particular, “Abate Fetel” trees grafted
on quince contribute to components 1 and 2 of 0.08 and 0.19
against SS. On the other hand, the projection on component
2 of the variable represented by expanse tree architecture is
0.23 toward class 2. A study on the effect of training system
and rootstock on poststorage fruit quality of “d’Anjou” pear
found that the effect of training system on vigour and fruit
nutrient content could contribute to poststorage concerns
[62]. Indeed, fruit characteristics can greatly vary within
expanse canopy that characterized orchards prone to SS in
our study (Figure 3). In the Emilia-Romagna region, the
harvest of pears is generally carried out with a single pick,
and fruits are pooled together in the same bins. Conse-
quently, high variability in quality exists in a single bin,
which can impact postharvest fruit quality and storability
and often results in repacking issues [32] and, therefore, fruit
damages.

As far as the presence and colour of antihail nets, in
Figure 3, we found that the shading effect of standard
antihail nets can enhance the occurrence of SS after long-
term storage.#e contribution of antihail nets to component
2 towards class 1 is 0.12 and the projection of coloured or no-
nets to component 1 is 0.46 against SS. It was shown that
orchards with more exposure to sunlight produce better
colour [63] and increased anthocyanins in fruit [64], offering
better resistance to SS development [56]. Moreover, a study
with multivariate analysis about within-tree factors of peach
highlighted that lower light interception experienced under
nets may have a detrimental effect on the flavour and may
contribute to the variation in fruit quality at harvest [65].
Concerning the shade effect in fruit, it is often reported that
the shaded side of the apple is more susceptible to storage
disorders such as SS [66]. Superior SS protection on the sun-
exposed side of the fruit may be related to elevated xan-
thophyll and anthocyanin levels and diminished suscepti-
bility to photoinhibition, relative to the shaded side [67–69].
However, cultural practices such as antihail or anti-insect
netting are employed in pear orchards by several growers in
the Emilia-Romagna region. On the other hand, shading
treatments with kaolin against sunburn affected fruit quality
of “Packham’s Triumph” pears increasing fresh weight and
chlorophyll contents [70], as evidence of a slower climacteric
outset.

Together with environmental factors, planting year and
orchard site play an important role on SS in “Abate Fetel”
pears, affecting vegetative self-shading and soil properties,
respectively. In Figure 3, their contributions to component 2
are 0.46 and 0.49 towards class 3 and class 0, respectively.
Indeed, not only weather and soil features can affect it, but
also farm practices. Hence, in our research, young orchards
appear to have more SS symptoms than older ones

(Figure 3). Young trees, which probably have the charac-
teristics of light-cropping trees, are considered to be more
susceptible to storage disorders before harvest or during
conservation [71, 72]. On the other hand, it is reported that
high crop loads, especially in young orchards, can dra-
matically affect future productivity and fruit quality [72].
Moreover, in young apple trees, nitrogen is used to stimulate
growth and excessive levels of this element can reduce fruit
quality with fruits that are larger, greener, softer, more prone
to drop, and more affected by storage issues [73]. Moreover,
in our study, pear orchards near the Adriatic Coast (Ravenna
and Ferrara provinces) had lower SS incidence than pro-
ducers from inland areas (Modena and Bologna provinces).
Agar et al. (1999) [74] observed that differences in ripening
behaviour and response to ripening inhibitors might occur
in the fruit of the same cultivar grown in different envi-
ronments. #ey found that “Bartlett” pears from growing
locations with cooler preharvest temperatures and/or from
later harvests within a growing location had a different
ability to ripen. By contrast, Chiriboga et al. (2013) [75]
found that the variability of fruit quality of “Conference”
pears after 105 days of cold storage was explained by the 1-
MCP effect, followed by the shelf-life duration, harvest date,
and to a lesser extent the orchard location.

Orchard location may act on the fruit sensitivity to SS in
terms of availability of organic matter to spread in the or-
chard and texture of the soil. In the first case, it seems to
prevent SS, and in the second case, the presence of clay
apparently promotes it. In Figure 3, the projections of the
organic matter and soil texture on the first component are
0.27 and 0.21. Soil factors determine in part fruit physiology
and especially the ability of the fruit to regulate the initial
physiological maturity at harvest [76], which can result in
differences in ripening behaviour for fruit grown in different
environments [77]. In fact, we observed that abundant clay
in the soil can induce SS and, likely, increases organic matter
content and soil moisture (Figures 2 and 3). #is is partially
in contradiction with the effects of precipitations and irri-
gation on SS (Figure 2). On the other hand, water stress may
be a more critical factor than soil texture by the combination
of high temperatures and low soil moisture aggravating SS
development [36].

Nonetheless, soil texture affects the capacity of roots to
extract, from the soil solution, nutrients such as nitrogen,
which could be provided by fertilization or naturally oc-
curring organic matter, affecting on the one hand vegetative
growth and on the other hand soil fertility. Studies con-
cerning the relationship between increased levels of nitrogen
fertilizer and the incidence of storage disorders have re-
ported variable results depending on the general nitrogen
status of the orchard and the availability of other soil nu-
trients [71]. In Figure 2, nitrogen fertilization seems to
promote SS (its contribution to the first axis is 0.09). We
considered not only nitrogen from chemical fertilizers but
also from organic matter, such as poultry manure spread in
the orchards, which seems to have the same effect on SS with
lower importance (Figure 2). Nitrogen fertilization pro-
motes vegetative growth with consequent higher self-
shading and chlorophyll content in fruit [78], but it can
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reduce flesh firmness and TSS content [79].#us, we assume
that high nitrogen soil fertilization would increase fruit size
but reduces storage quality and crop value. Furthermore, low
N availability impacts fruit quality: organic “Abate Fetel”
pears had more total polyphenols and higher ascorbic acid
stimulated by hexoses than conventionally grown ones. Also,
the sugar profile differed, with a higher ratio of monosac-
charides/disaccharides [80]. Nevertheless, nutrients needed
for trees are in the soil so the orchard floor represents a
substantial portion of the orchard agroecosystem, and if
properly managed, it can reduce fertilizer costs [81]. In our
experience, the slower release of the naturally occurring
nitrogen humidified inside an organic matter of soil seems to
prevent the occurrence of SS in “Abate Fetel” pears (0.09 of
contribution to the principal component; Figure 2).#e total
organic matter in soil has not the same effect on SS (Fig-
ure 2). Pears demand 50–60 kg ha−1 to retain good fruit
quality and production. So, the role of reserves and N re-
sorption in the fall from leaves or cover crops were key
findings that led to a more efficient and sustainable N
management for each region and orchard in order to op-
timize nutrient uptake and minimize leaching [81, 82].

Any given fertilizer program cannot be successful
without an efficient irrigation program. Water is scarce in
most pear districts for both quantity and quality [81].
Water availability was identified as the major factor con-
trolling tree growth globally in the current climate change
scenario [83]. In Figure 2, the amount of water supplied in
“Abate Fetel” orchard in 2018 and 2019 was considered
(0.14 of importance in component 1). As we discussed
before, watering has the same effect on SS of precipitation
(Figure 2), but the modality of water application had an
additional effect (Figures 2 and 3). Where the time interval
(days between two watering) was considered, we observed
that larger volumes at the same time (i.e., longer time
interval) induced higher SS (0.39 of importance in com-
ponent 1). Along the same line, microirrigation helped to
prevent SS after storage (0.25 of importance in component
1). In apples, water stress lowered the rate of firmness loss,
indicating an alteration in the physiological mechanism of
fruit ripening [84]. Nevertheless, extended dry periods
increased the risk of storage disorders when followed by
heavy rains or irrigation [85], such as heavy downpours and
high irrigation volumes (Figures 2 and 3). In addition,
increasing irrigation frequency may lessen high tempera-
ture effects on foliage plant growth [86]. At elevated
temperatures, the oxygenating reaction of RUBISCO
(ribulose bisphosphate carboxylase-oxygenase) increases
more than the carboxylating one because CO2 declines
more rapidly with increasing temperature than does O2
[39, 87]. #us, photorespiration becomes proportionally
more important [87], generating an unbalance between
carbohydrate rates. Concerning the application of deficit
irrigation during the season, early stressed “Nijisseiki”
Asian pear had a higher concentration of sugars such as
sucrose, glucose, fructose, and sorbitol with a cold pro-
tectant activity than nonstressed fruit. Nevertheless, early
stressed fruit tended to have higher flesh spot decay al-
though it was reduced in the late-stress treatment [34, 88].

Calcium is transported in the transpiration stream [89].
In “Niitaka” pear, water stress decreased the concentration
of calcium in flesh during the early stage of fruit growth.
Moreover, it increased peroxidase activity and may be due to
limited calcium absorption [90]. As we can notice in Fig-
ure 3, producers that spray calcium in “Abate Fetel” pears
during the vegetative season have less SS in pear fruit and its
contribution in the first component is 0.16. #is insight
agrees with Drake et al. (1979) [37] and Bramlage et al.
(1985) [38] who negatively correlated fruit calcium level and
SS development and found SS to be more prevalent when
peel calcium was <700mg L−1 [91]. In “Abate Fetel” pears,
53% of untreated fruits and only 4.6% of those treated with
4.5% CaCl2 were affected by soft scald after 210 days of
storage [92]. By the way, Gerasopoulos and Richardson
(1997) [93] suggested that fruit calcium concentration in-
creases the chilling requirement for induction of ripening
capacity.

Parthenocarpic fruits tend to have lower calcium con-
centrations [94], and, in general, fruits sprayed with gib-
berellins have lower seed numbers, lower calcium
concentrations, and an increased incidence of storage dis-
orders [95–97]. However, as we can notice in Figure 3, it
seems that the use of gibberellins, instead of pollinators,
during the blooming can prevent SS; eventually, by post-
poning fruit harvest maturity and extending growth season
cause parthenocarpic behaviour (its contribution to the
second axis is 0.60). However, we can notice in Figure 2 that
the quantity of hormones such as gibberellins does not affect
SS after storage, and its projection on component 2 is 0.14. In
“Forelle” pears, gibberellins produced fruit with a large cell
diameter (140.3 µm) and resulted in a low mealiness per-
centage and, consequently, with higher fruit quality [98].
Nevertheless, the incidence of storage issues in larger celled
fruit was explained arguing that cell contact area between
neighbouring cells is reduced making the cells prone to cell-
to-cell debonding during ripening [99], resulting in tissue
breakdown [100].

4. Conclusions

#e pear industry in Italy is currently threatened by many
issues and among them storage-related problems and fruit
quality concerns. #is works shows the extreme variability
among producers and seasons in terms of appearance and
severity of superficial scald (SS) as a physiological disorder in
“Abate Fetel” pears with either normal atmosphere or 1-
MCP cold storage. Weather patterns, soil characteristics,
bloom date, and location, outside grower’s control, have an
impact, but also yield, irrigation regime and volumes, fer-
tilization, growth regulators, rootstock, and training system,
which growers have a handle on, can affect SS in pears
during storage. Our approach, using multivariate statistical
techniques, has highlighted several key preharvest factors
which could be grouped considering their biological rela-
tionships. In general, SS seems to be induced by several plant
physiological stresses resulted from an improper yield
management, without considering tree resources and
weather conditions, an unbalance between reproductive and
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vegetative growth and self-shading effect, a short season and,
consequently, few cold protectant compounds, and, finally, a
soil deficiency caused by a not efficient governance of water
supply and organic matter fertility. In the future, a wide-
spread application of such statistical tools will be recom-
mended to describe complex traits that impact fruit storage,
with the goal of predicting and improving it. #e major
conclusion, however, is that pear batches from different
orchards should be sorted for their potential to develop SS
after shelf life before applying storage technologies or
placing them in cold rooms where they become, perforce, all
equal. #e technology to do so is available but has not yet
been tested with this goal. We hope to be able to continue
developing effective, predictive approaches to fulfil this
achievement.
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Strawberry fruit is a nonclimacteric fruit and is one of the most consumed berries in the world. It is characterized by high levels of
vitamin C, folate, vitamin E, β-carotene, and phenolic constituents as well asanthocyanins that are strictly related to health
benefits. Strawberries are highly perishable fruit with a very short postharvest life due to their susceptibility to mechanical injury,
rapid texture softening, physiological disorders, and infection caused by several pathogens (yeast and mold) that can rapidly
reduce fruit quality. 'e aim of the present study was to evaluate the effect of the application of Opuntia ficus-indicamucilage in
combination with ascorbic acid, as edible coating, on quality, sensorial parameters, and microbiological characteristics of
strawberry fruit during cold storage at 4± 0.5°C and 85% RH. Strawberries were characterized by a linear increase of weight loss
during the storage at 4°C that was significantly higher (+11.3% on average) in the uncoated strawberries. 'e coating affected the
ascorbic acid content of the strawberries that increased by 36.0% in coated strawberries; total soluble solid content and color of the
strawberries were only affected by storage. Visual quality and sensorial analysis recorded higher scores in the coated samples at the
end of the cold storage period. Furthermore, the mucilage coating did not negatively affect the natural taste of strawberries. 'e
application ofO. ficus-indica gel-based edible coating in combination with ascorbic acid, although not able to inhibit the microbial
growth, limited significantly their development in coated strawberry fruits. Our results suggest that Opuntia mucilage plus 5%
ascorbic acid could be a useful biochemical way of maintaining strawberry fruit quality and extending their postharvest life.

1. Introduction

Strawberry fruit (Fragaria× ananassa Duch.) is a non-
climacteric fruit and is one of the most consumed berries in
the world, characterized by a peculiar and highly appreciated
taste and flavor. Strawberry is a relevant source of bioactive
compounds because of its high levels of vitamin C, folate,
vitamin E, β-carotene, and phenolic constituents, as well as
anthocyanins, substances strictly related to health benefits
[1, 2]. Strawberries are highly perishable fruit with a very
short postharvest life due to their susceptibility to me-
chanical injury, rapid texture softening, physiological dis-
orders, and infection caused by several pathogens (yeast and
mold) that can rapidly reduce fruit quality [1, 3].

Several technologies have been developed for straw-
berry preservation during postharvest, such as controlled
atmospheres, hot water treatments, UV, and chemical
treatments, but most of them have negative effects on
color, flavor, aroma, and texture [1, 4]. In the past,
fungicides were used to control mold and yeast growth,
but several studies confirm that they can leave residues
that could be dangerous for human health and the en-
vironment [5]. For this reason, consumers prefer natural
and eco-friendly fruit products without any chemical
additives [1]. A common technology used to control mold
growth and reduce fruit senescence is cold storage under
controlled/modified conditions, but high CO2 concen-
trations can cause off-flavor development on fruit [6].
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Among different postharvest management strategies of
environment-friendly fresh fruit handling, the applica-
tion of edible coatings has been reported to be very ef-
fective [7].

Edible coatings can act as a semipermeable barrier
against gases and water vapor. It can modify fruit tissue
metabolism by affecting respiration rate, decreasing mois-
ture and firmness loss, preserving the color, transporting
antimicrobial, antioxidant, and other preservatives, con-
trolling microbial growth and maintaining fruit quality for a
longer period [6, 8]. Several studies reported that the ap-
plications of edible coatings improved quality, extended
storage, and shelf life of various fruit such as papaya [9],
kiwifruit [10], and strawberries [11].

A novel edible coating for fruit storage based on the
mucilage or polysaccharides extracted from cladodes of
Opuntia ficus-indica was recently investigated on kiwifruit
slices [10], breba fig [12], strawberry [13], banana [14], to-
mato [15], and mandarin [16].

'ose studies reported that O. ficus-indica edible coating
positively affected fruit quality, reducing water transpiration
and browning, maintaining fruit fresh weight, visual score
values, fruit firmness, nutraceutical traits, and controlling
microbial growth, resulting in a longer storage period
[10, 12–16].

O. ficus-indica mucilage is a complex carbohydrate
composed of variable amounts of l-arabinose, d-galactose,
l-rhamnose, and d-xylose, as well as galacturonic acid, which
is a potential ingredient for the food industry, due to its
nutritional and technological properties, such as viscosity
[17]. Mucilage is, in fact, a hydrocolloid with a great water
retention capacity that makes it interesting for the pro-
duction of natural edible coatings with a high nutraceutical
value, useful for fruit and food preservation [18].

Another compound widely used in fruit products during
storage is ascorbic acid (AA) in concentrations ranging from
0.5 to 5% w/v [11]. Several authors reported that AA has an
antibrowning effect in fruit fresh-cut products under dif-
ferent storage conditions [9, 19] and reduces vitamin C
degradation during storage [11]. Other studies reported that
AA has an antimicrobial effect on fresh-cut fruit such as
jackfruit [20], apple [21], and papaya [9] and it can be added
to the edible coating to improve the shelf-life of the fruit.

Sogvar et al. [11] reported that the application of Aloe
vera in combination with AA on strawberry fruit improves
the postharvest life by maintaining fruit quality attributes as
well as firmness, solid soluble content, titratable acidity,
vitamin C, anthocyanin, total phenolic, and total antioxidant
activity and reduces decay by suppression of total aerobic
mesophilic bacteria, yeasts, and mold growth. Other studies
showed that coating with chitosan and ascorbic acid is an
effective solution for inhibiting the growth of microor-
ganisms, retarding enzymatic browning reactions, and re-
ducing the weight loss of fresh-cut apples during refrigerated
storage [22].

'ose studies suggest that the addition of AA to the
edible coating could be a useful biochemical way of main-
taining strawberry fruit quality and extending their post-
harvest life. However, further studies are necessary to study

how the addition of AA to different edible coatings, such as
O. ficus-indica mucilage, could affect microbial growth and
physicochemical traits of strawberry fruits during cold
storage. 'e aim of the present study was to evaluate the
effect of the application of O. ficus-indica mucilage in
combination with ascorbic acid, as edible coating, on quality,
sensorial parameters, and microbial growth of strawberry
fruits during cold storage at 4± 0.5°C and 85% RH.

2. Materials and Methods

2.1. Strawberry Fruits. 'e strawberry fruits (cv. Florida
Fortuna) used in the trial were collected in the experimental
farm of the Department of Agricultural, Food and Forest
Science (SAAF), University of Palermo, located in Marsala
(37°45’02.8”N 12°32’32.10”E, 50m a.s.l.) and immediately
transported to the research laboratory of the SAAF De-
partment, University of Palermo, where they were graded for
their uniformity in size, shape, and bright red color. A bulk
of homogeneous fruits free from defects was selected for the
coating treatment and subsequent cold storage. 'e selected
fruits were divided into two treatment groups of 20 repli-
cates (4 replicates for each of 5 storage sampling times).

2.2. Fresh Mucilage Extraction. One-year-old cladodes were
collected from O. ficus-indica (OFI) plants grown in the
germplasm collection of the SAAF Department of the
University of Palermo (38°7’N 13°2’E, 29m a.s.l). Harvested
cladodes were moved to the laboratory, where they were
processed for mucilage extraction, using a modified version
of Du Toit and De Wit’s patented method, developed in
South Africa [23].

Cladodes were washed with chlorinated water to
improve mucilage shelf life and to remove impurities and
spines. Cladode chlorenchyma was removed with a peeler
to obtain very pure mucilage from the parenchyma.
Cladodes were then sliced into squares and cooked in a
microwave oven (900W) for 3–5min, until soft. 'e
cooked, soft cladode pieces were then mixed using an
Omni Mixer Homogenizer (mod. Omni-Mixer, 17107,
Dupont Instruments Sorvall, Kennesaw GA, USA) to aid
the mucilage extraction. 'e obtained pulp was then
centrifuged using a Sigma centrifuge (mod. 6K15, Sigma
Laborzentrifugen GmbH, Osterode am Harz, Germany) at
8,117x g for 15min at 4°C, to separate the liquid mucilage
from the solids. 'e mucilage was then decanted and
weighed while the solid material left in the falcon tubes
was discarded. No chemicals have been used during this
extraction process.

2.3. Fresh Mucilage Edible Coating Application. Half of the
selected strawberries were treated with OFI mucilage in
combination with 5% of ascorbic acid [11] and the
remaining strawberries were treated with distilled water
and used as control. Mucilage edible coating and distilled
water were applied by using an atomizing spray system
(flow rate: 1 L·h−1; air pressure: 50 kPa). Soon after
coating, all fruits were air-dried at room temperature for
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15’, then placed in polyethylene (PE) boxes (each a 10
fruit replicate), and stored at 4 ± 0.5°C and 85% RH for 12
days.

2.4. Quality Parameters: Weight Loss, Color, Overall Quality,
Firmness, Soluble Solid Content, Titratable Acidity, and
Ascorbic Acid Content. 'e quality of strawberries was
assessed soon after coating (0 d) and at 3, 6, 9, and 12 d of
storage at 4°C. For each storage time and experimental
treatment, four samples of five strawberries were randomly
collected and analyzed. 'e fruits were weighed at each
sampling time to evaluate weight loss. Strawberries’ external
color was measured at two opposite points on each straw-
berry using a colorimeter (Chroma Meter CR-400C, Min-
olta, Osaka, Japan). CIE L∗a∗b∗ coordinates were recorded
as L∗ (lightness), a∗ (positive values for reddish colors and
negative values for greenish colors), and b∗ (positive values
for yellowish colors and negative values for bluish colors).
From these components, chroma (C∗) and hue angle (h°)
were calculated as C∗ � (a∗2 + b∗2)1/2 and h° � arctan(b∗/a∗)
[24]. Overall visual quality (OQ) was evaluated by a panel
made of 10 people (5 females and 5 males, aged between 25
and 50 years) using a 1 to 5 scale, where 5� excellent product
with a fresh appearance and optimal sensory acceptability
(e.g., typical odor and color, no defects), 3� fair/limit of
sensory acceptability and marketability (e.g., minor alter-
ations), and 1� poor/unmarketable, with altered odor, ex-
tended discolored or decayed area, or other severe defects.

Fruit firmness was measured using a digital penetrom-
eter (model 53205, TR Snc., Forl̀ı, Italy) equipped with flat
stainless steel cylinder probes of 6mm diameter. Each fruit
was punched with constant force to a depth of 0.5 cm and the
mean peak force was calculated in Newton. After firmness
analysis, the fruits of each sample were cut into small pieces
and homogenized. Ten grams of the homogenate was sus-
pended in 100mL of distilled water and then filtered. 'e
extracts were used to determine the soluble solid content
(SSC expressed as °Brix) using a digital refractometer (MTD-
045nD, 'ree-In-One Enterprises Co., Ltd., Taipei, Taiwan)
and to measure the titratable acidity (TA) by potentiometric
titration with 0.1M NaOH up to pH 8.1 (TA expressed as
meq 100 g−1 fresh weight [f.w.]). Ascorbic acid content was
determined by extracting 10 g of a blended strawberry
sample from each sampling date (0, 3, 6, 9, and 12 days of
storage) in 100mL metaphosphoric acid (HPO3) and then
filtered through Whatman no. 1 filter paper. A volume of
10mL from the filtered solution was determined volumet-
rically with the 2–6 dichlorophenol-indophenol reagent
until a slightly pink coloration was observed and persisted
for 15 s [25]. 'e reading of ascorbic acid content was
expressed in mg 100 g−1 fruit sample.

2.5. Sensory Analysis. For each sampling date, a sample of
fruit for each treatment was subjected to sensory evaluation.
'e sensory profile was constructed by a semitrained panel
made of 10 judges (5 females and 5 males, aged between 25
and 50 years) who generated a list of descriptors by using
commercial fruit in a few preliminary meetings [26]. 'e

semitrained panel was made up of people normally familiar
with strawberries. 'is type of panel can discriminate dif-
ferences and communicate their reactions, though the in-
dividuals may not have been formally trained; furthermore, a
semitrained panelist judgment is likely to be closer to that of
the average consumer [27]. Sensory analysis was focused on
6 principal descriptors: firmness, sweetness, acidity, aroma,
taste, and off-flavor [28].

Strawberries sample was dispensed into a small plastic
tray with a 3-digit code on the side and served to the judges,
and the different descriptors were measured using an eight-
point intensity scale where the digit 1 indicates the de-
scriptor absence while the digit 8 indicates the full intensity.
Among the judges, the order of presentation of the fruit was
randomized; water was used to rinse the mouth [27].

2.6. Microbiological Analyses. O. ficus-indica mucilage
added with ascorbic acid and the fruit samples from the
different trials and storage times were subjected to the
microbiological analyses. Cell suspensions of mucilage were
directly subjected to decimal serial dilutions in Ringer’s
solution (Sigma-Aldrich, Milan, Italy), while fruit samples
were first homogenized in Ringer’s solution (Sigma-Aldrich)
to a ratio 1 :10 (fruit: diluent) by the Bag-Mixer 400
stomacher (Interscience, Saint Nom, France) for 2min at the
highest speed (blending power 4) and then serially diluted in
the same isotonic solution.

Decimal dilutions were plated on several agar media:
Plate Count Agar (PCA), incubated aerobically for 72 h at
30°C for total mesophilic microorganisms (TMM); PCA
incubated aerobically for 7 d at 7°C for total psychrotrophic
microorganisms (TPM); Pseudomonas Agar Base (PAB)
added with Cetrimide Fucidin Cephaloridine (CFC) sup-
plement, incubated aerobically for 48 h at 25°C for pseu-
domonads; double-layered Violet Red Bile Glucose Agar
(VRBGA), incubated at 37°C for 24 h for members of the
Enterobacteriaceae family; Dichloran Rose Bengal Chlor-
amphenicol (DRBC) agar, incubated aerobically for 48 h at
28°C for yeasts; Yeast extract Peptone Dextrose (YPD) agar
supplemented with 0.1 g·L−1 of chloramphenicol to avoid
bacterial growth, incubated aerobically for 7 d at 25°C for
molds.

All media and supplements were purchased from Biotec
(Grosseto, Italy). All plate counts were carried out in
triplicate.

2.7. Statistical Analysis. Statistical analyses of quality and
sensory parameters were performed using the GLM pro-
cedure of the SPSS 14.0 software package (SPSS, Inc.,
Chicago, IL) and themeans were compared by Tukey’s test at
a significance level of 0.05.

Microbiological data were subjected to One-Way Var-
iance Analysis (ANOVA) using XLStat software version
2020.3.1 for Excel (Addinsoft, New York, USA). 'e level of
significance and the differences between control and ex-
perimental trials were achieved by Tukey’s test. P< 0.05 was
considered significant.
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3. Results and Discussion

3.1. Quality Parameters: Weight Loss, Color, Overall Quality,
Firmness, Soluble Solid Content, Titratable Acidity, and
Ascorbic Acid Content. Strawberries were characterized by a
linear increase of weight loss during the storage at 4°C
(Table 1). A higher weight loss (+11.3% on average) was
recorded in the uncoated strawberries. 'e effect of OFI
mucilage coating on weight loss was similar to other edible
coatings tested on strawberry fruits [29] and a reduction of
weight was also found in sliced or entire fruits (kiwi, fig,
strawberry) coated with cactus mucilage [10, 12, 13, 30] and
could be ascribed to the increased retention of water due to
the reduction of transpiration and respiration determined by
the hydrophilic character of mucilage coating that closed the
opening of stomata and lenticels [31]. After harvest, the
weight of the fruits is likely to change due to several factors,
including loss of extracellular and intracellular water, sugar
consumption determined by cellular respiration and deg-
radation of the cell wall, and consequent loss of water by the
cell breakdown [32]. 'ese factors and loss in cell turgidity
pressure and loss of extracellular and vascular air may also
lead to the modification of tissue texture. Measuring the
mechanical properties of fruits like strawberries can be
challenging, as their structure is very inhomogeneous. 'ey
vary a lot in shape and size, so it can be very difficult to take a
uniform sample from tested strawberries. Puncture testing
has often been used tomeasure and follow changes in texture
and firmness of fruits and vegetables at different preharvest
and postharvest stages. 'e use of the puncture penetration
method allows evaluating both the skin toughness and the
flesh firmness of strawberries [33]. 'e firmness of straw-
berries was affected by storage that determined a significant
reduction of this parameter after 6 days at 4°C for control
fruit, with further significant changes recorded after 9 days
and at the end of the storage period so that strawberry
decreased from 10.4N at day 0 to 7.3N at day 12 for both
coated and uncoated samples (Table 1). Nevertheless, the
coated strawberries retained a slightly higher firmness after 6
and 9 days of storage at 4°C, so that this treatment deter-
mined a higher firmness than control (+5.1% on average).
'e decrease in fruit firmness during cold storage might be
due to the breakdown of cell wall components such as in-
soluble pectin and also due to cellular collapse [34] that
could have been reduced in the coated fruits. A lower de-
crease of firmness during cold storage was also found in
strawberries and other fruits coated with OFI mucilage
[10, 12, 13].'is could be ascribed to the presence of calcium
in OFI mucilage [35] that interacts with the pectic acid in the
cell walls to form calcium pectate, thus retaining the integrity
of cell walls in fruit tissues.

Storage also affected the soluble solid content of the
strawberries (Table 1). 'is parameter was almost constant
during the first week of storage (7.5 °Brix on average) and
significantly increased at the end of the experiment (8.6
°Brix). A similar trend was recorded for the titratable acidity
(TA) that increased significantly at the end of the storage
period (+26.1%) (Table 1). 'e increase in soluble solid
content might be due to hydrolysis into sugars and to the

capacity of cold storage to slow down the metabolic activities
of strawberries during storage [29].'e effect of cold storage
in combination with the edible coating application on
metabolic activities could have also reduced the utilization of
organic acid during the respiratory process thus explaining
their increase during cold storage, as reported by Hazarika
et al. [29].

'e coating affected the ascorbic acid content of the
strawberries that increased by 36.0% in coated strawberries
(Table 1). 'is parameter showed small variations during
storage that were significant only at day 3. Ascorbic acid is an
important phytochemical with powerful antioxidant activity
and can scavenge the reactive oxygen species (ROS) pro-
duced in the body thus protecting frommany severe diseases
[36]. 'e cactus mucilage coating showed to be useful in
increasing the nutritional value of strawberries during the
entire storage period.

'e color of the strawberries was only affected by storage
(Table 1). Color lightness decreased from 41.5 at day 0 to 37.6
at day 3 and showed no further reduction until the end of the
experiment. Chroma and hue decreased more severely
during storage so that the color of strawberries got less vivid
and turned to the darkest red. Visual quality is of paramount
importance in affecting strawberry acceptance and mar-
ketability. Appearance changes that strawberries may suffer
during storage can be symptoms of freshness loss and mi-
crobiological decay [37]. 'e overall appearance of coated
and uncoated strawberries changed significantly during
storage, but control strawberries had a more severe
descending trend of the OQ scores that dropped below the
limit of marketability after seven days of storage, whereas the
strawberries coated with cactus mucilage recorded OQ
scores above the limit of marketability throughout the
storage period (12 days) (Figure 1).

3.2. Microbiological Counts. Strawberry is a highly perish-
able fruit and its shelf-life is usually influenced by different
microbial infections determined by bacteria, yeasts, and
molds [38]. Table 2 shows the results of the microbiological
analyses of the strawberry fruit samples collected during
the experimentation. 'e results of viable counts per-
formed on O. ficus-indica mucilage are not reported in the
table because they were below the detection limit for all
microbial groups objects of investigation. Statistically
significant differences were found according to Tukey’s test
for the levels of TMM, TPM, andmolds between coated and
uncoated strawberry fruits. 'e initial concentrations of
TMM, TPM, andmolds in control fruits (C) were 3.04, 2.81,
and 3.34 Log CFU g−1, respectively, and increased during
refrigerated storage. Even in coated strawberry fruits (MA),
these microbial populations increased during storage but
showed lower microbial cell densities than the untreated
fruits. 'e same trend was reported by Sogvar et al. [11] on
strawberry fruits treated with Aloe vera gel-based edible
coating in combination with ascorbic acid. No colonies of
pseudomonads and yeasts responsible for the microbial
spoilage of fruits and vegetables [39] were detected in any
of the samples analyzed. Members of the
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Enterobacteriaceae family, responsible for gastroenteritis
and even chronic infections [40, 41], were below the de-
tection limit in both coated and control strawberry fruits
during the entire period of analysis.

3.3. Sensory Analysis. Uncoated (C) and coated (MA)
strawberry fruit samples were subjected to sensory
evaluation on each sampling date. Strawberry fruits were
positively affected by mucilage coating in combination
with the ascorbic acid treatment; indeed panelists pre-
ferred MA samples in each sampling date (data not
shown).

MA samples showed mean scores 0.5 higher in terms of
sensory evaluation than C samples after 3 days of storage at
4°C (Figure 2). In particular, judges perceived the largest
difference in the aroma descriptor in MA samples with
scores 1.6 higher than C ones (Figure 2).

At the end of the storage (12 days), MA samples were
preferred by judges showing the highest scores in all sen-
sorial parameters, and MA samples obtained sensory eval-
uation mean scores 1.2 higher than C ones (Figure 3).
Panelists perceived off-flavor in C samples after 9 (data not
shown) and 12 days at 4°C (Figure 3), while the perception of

Table 1: Chemical and physical parameters of strawberries coated with cactus mucilage + ascorbic acid (MA) or uncoated (C) during storage
at 4°C.

Source of
variance

Weight loss
(g 100 g−1 fw)

Firmness
(N)

SSC
(°Brix)

TA
(meq 100 g−1 fw.)

Ascorbic
acid

(mg 100 g−1)
L∗ Chroma Hue

Coating
C 9.0b 9.2b 7.7 10.6 36.9B 37.5 46.5 37.7
MA 8.1a 9.7a 7.9 11.0 50.2A 38.0 46.6 38.3
Storage
0 — 10.2d 7.4c 10.1b 44.6A 41.5A 48.8A 42.1a
3 3.6d 10.6bc 7.5c 10.5ab 37.7B 37.6B 47.0B 38.4b
6 6.8c 9.9c 7.7c 11.3a 43.9A 36.7B 45.5Bc 37.1bc
9 9.8b 9.2a 8.0bc 11.2a 44.0A 36.1B 46.0Bc 36.9bc
12 13.9a 7.3ab 8.6a 11.0a 47.7A 36.8B 45.2C 35.3c
Coating x Storage

C

0 — 10.2 7.4 10.1 40.1 41.5 48.8 42.1
3 3.9 10.6 7.5 9.9 30.7 37.5 46.9 37.2
6 7.2 9.4 7.8 10.7 38.5 36.2 45.0 36.5
9 10.3 8.7 7.7 11.4 35.6 35.1 46.4 36.0
12 14.5 7.2 8.3 11.0 39.8 37.2 45.1 36.5

MA

0 — 10.2 7.4 10.1 49.0 41.5 48.8 42.1
3 3.3 10.6 7.5 11.0 44.7 37.8 47.2 39.6
6 6.4 10.4 7.7 11.8 49.3 37.2 46.0 37.8
9 9.3 9.7 8.3 11.0 52.5 37.1 45.6 37.9
12 13.2 7.5 8.9 11.1 55.7 36.3 45.4 34.2

Significancex

Coating ∗ ∗ ns ns ∗∗∗ ns ns ns
Storage ∗∗∗ ∗∗∗ ∗∗∗ ∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗
Coating x
Storage ns ns ns ns ns ns ns ns

Each value is the mean of 4 replicated samples. Values in a column followed by different letters are significantly different according to Tukey’s test at p≤ 0.05.
xSignificance: ns�not significant; ∗significant at p< 0.05; ∗∗significant at p< 0.01; ∗∗∗significant at p< 0.001. yTitratable acidity expressed as meq/100 g fresh

weight.
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Figure 1: Influence of coating and time of storage on the overall
visual quality of strawberry fruits (C: control fruits; MA: fruits
coated with cactus mucilage + ascorbic acid; scores: 5, excellent or
having a fresh appearance; 3, average limit of marketability; 1,
unmarketable).
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this descriptor was almost absent in MA samples in each
sampling date (Figures 2 and 3).

'e sensory analysis showed that judges had a higher
preference for coated samples at the end of the cold storage
period, as reported by Del-Valle et al. [13]. 'e mucilage

coating did not negatively affect the natural taste of
strawberries, which is an important aspect regarding the
use of edible coatings when taste modification is unde-
sirable. Indeed, MA coating has exalted some important
parameters, as well as aroma, sweetness, and taste that are
particularly appreciated by consumers.

4. Conclusions

Our data showed that Opuntia mucilage had a barrier
effect on strawberries after harvest, reflected by the lower
weight loss and a slightly higher firmness of coated
samples than uncoated ones, after 9 days of storage at 4°C.
'is factor could reduce economic losses due to spoilage
caused by mechanical damage during the handling and
transportation of strawberries. 'e addition of ascorbic
acid in the cactus mucilage coating showed to be useful in
increasing the nutritional value of strawberries during the
entire storage period. Soluble solid content and color
were affected only by storage and not by the coating
treatment.

Visual quality and sensorial analysis showed that judges
had a higher preference for coated samples at the end of the
cold storage period. Furthermore, the mucilage coating did
not affect negatively the natural taste of strawberries, which
is an important aspect regarding the use of edible coatings

0
1
2
3
4
5
6
7
8

Sweetness

Acidity

Aroma∗

Off flavor
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Figure 2: Sensory analysis of untreated (C) and treated (O. ficus-
indicamucilage in combination with ascorbic acid-MA) strawberry
“Fortuna” fruit, after 3 days of storage at 4°C. Data are mean of 15
fruit for each treatment. ∗Significant differences for values (Tukey’s
test at p< 0.05).
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Figure 3: Sensory analysis of untreated (C) and treated (O. ficus-
indicamucilage in combination with ascorbic acid-MA) strawberry
“Fortuna” fruit, after 12 days of storage at 4°C. Data are Mean of 15
fruit for each treatment. ∗Significant differences for values (Tukey’s
test at p≤ 0.05).

Table 2: Microbial loads of control (C) and coated (O. ficus-indica
mucilage in combination with ascorbic acid-MA) strawberry fruit
samples during storage at 4°C.

Samples
Microorganisms

TMM TPM Molds
C 0 d 3.04± 0.22a 2.81± 0.15a 3.34± 0.23a
MA 0d 2.99± 0.19a 2.88± 0.23a 3.26± 0.12a
C 3 d 3.19± 0.17a 3.30± 0.27a 3.49± 0.21a
MA 3d 2.74± 0.12b 2.72± 0.11b 2.89± 0.15b
C 6 d 3.59± 0.21a 3.47± 0.25a 3.65± 0.26a
MA 6d 3.01± 0.15b 2.95± 0.20b 2.96± 0.17b
C 9 d 3.75± 0.18a 3.70± 0.24a 3.81± 0.19a
MA 9d 3.15± 0.21b 3.07± 0.22b 3.10± 0.24b
C 12 d 4.08± 0.24a 4.12± 0.21a 4.23± 0.21a
MA 12 d 3.49± 0.19b 3.38± 0.19b 3.59± 0.25b

Units are log CFU g−1. Results indicate mean values± S.D. of three plate
counts. Data within a column followed by the same letter between the C and
MA on the same day of refrigerated storage are not significantly different
according to Tukey’s test at p< 0.05.
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when taste modification is undesirable. Indeed, MA coating
has exalted some important parameters and aroma, sweet-
ness, and taste that are particularly appreciated by
consumers.

From the microbiological point of view, the application
of O. ficus-indica gel-based edible coating in combination
with ascorbic acid is not able to inhibit the microbial growth
but slowed down significantly their development in coated
strawberry fruits.

In conclusion, our data suggest that O. ficus-indica
mucilage plus 5% of ascorbic acid could be a useful bio-
chemical way of maintaining strawberry fruit quality and
extending its postharvest life.

Data Availability

'e data are available from the corresponding author upon
request.
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Mangosteen fruit has a high potential on the global fruit market, but some disorders, including translucent flesh, are major
problems of fruit quality, limiting the marketability. )e present study was conducted to compare physiological changes of
reactive oxygen species (ROS), cellular lignification between translucent and normal aril, and elucidate the relation. Mangosteen
fruits at purple peel color were collected from eastern )ailand during the middle of the rainy season of 2019. Translucent aril
accumulated higher lignin content in the tissues, expressing firmer texture ten times higher than normal aril. Lignification was
increased in translucent aril by 740% and 25% higher coniferyl alcohol dehydrogenase (CAD) and peroxidase (POD) activity,
respectively, induced by high H2O2. Healthy aril performed higher activities of superoxide dismutase (SOD) (8.5 times) and
ascorbate peroxidase (APX) (1.3 times) to those in translucent aril. Furthermore, the higher flavonoid content, ascorbic acid
content, and antioxidant capacities detected in normal aril could significantly reduce oxidative stress. Although containing high
antioxidant systems, healthy aril was found to accumulate higher malonaldehyde content (MDA). )is study provides intensive
evidence of oxidative stress and the defensive systems between normal and translucent tissues.

1. Introduction

Mangosteen (Garcinia mangostana) belongs to the Gutti-
ferae family. It is a unique tropical fruit, expressing
prominent calyx on top of the fruit looking like a crown and
so-called the ‘Queen of fruit.’ Mangosteen fruit consists of a
thick pericarp derived from the floral ovary wall and 5–7 aril
segments. )e edible part (aril) is developed from the seed
integument. )e periodical cycle of fruit growth from flower
opening until maturity takes about 11–12 weeks [1]. )e
fruit ripening starts by the pericarp color turning from pale
green to purple followed by aril softening [2]. When mature
green fruit starts ripening with the peel showing a red pad
sign, mangosteen is classified as a climacteric fruit according
to its respiratory pattern [3]. However, mangosteen fruit

shows uneven ripening among aril segments in the fruit [4].
Furthermore, abnormal symptoms, including aril translu-
cency and stiff texture of the aril, could be operated during
ripening maturation. )ese disorders are severe obstacles in
mangosteen marketability.

Translucent flesh disorder usually occurs during on-tree
fruit ripening during the rainy season. )e previous study
showed that the number of fruits generating flesh translu-
cency increased when the tree was applied by water
sprinkling over the canopy for 2–3 h [5]. On the other hand,
a high level of underground water did not stimulate the
induction of translucent flesh disorder [6]. Moreover, an
application of water supplied at the harvested fruit peduncle
did not induce translucent flesh disorder in ripe fruit [3].
Since capillary water (lenticel-occupied water) in the
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pericarp of on-tree mature green fruit induced a hypoxic
condition, this incident enhanced translucent flesh disorder
which found a remarkable accumulation of lignin in the ripe
aril [7]. Furthermore, our previous study found a signifi-
cantly high proportion of Na2CO3-SP between differential
pectin fractions of translucent disorder aril [7]. A com-
parison of respiratory patterns indicates that translucent
disorder aril conducted a higher respiration rate than
healthy aril [8]. Typically, translucent disorder initially
occurs in the largest aril segment, which showed high vig-
orous energies in both aril and seed than healthy arils [9]. As
hypoxic cellular conditions are stimulated by alternative
catabolic pathways to produce more energy for maintaining
systematic survival, these stress phenomena could be en-
couraged by the overemission of reactive oxygen species
(ROS) in several plant parts [10, 11]. )e ROS directly at-
tacks the cell membrane or is transformed into a harmful
hydroxyl radical (OH_), enhancing the lipid membrane’s
peroxidation. However, ROS can be subsequently reduced
by some biological pathways, including cellular defensive
mechanisms. Plants under stress drive their defensive
resilience through the alternative antioxidant systems, both
enzymatic and nonenzymatic shuttles.)e enzymatic system
includes superoxide dismutase (SOD), catalase (CAT), and
ascorbate peroxidase (APX). On the other hand, phenolics,
flavonoids, and ascorbates are involved in preventing stress.
Some abiotic stresses inducing the defensive mechanisms in
plants through ROS metabolisms have been recently re-
ported [12–15]. )us, the purposes of this research were to
investigate ROS generations, phenolic accumulation, and
lignification and to explore the relation of enzymes asso-
ciated with ROS removal in ripe mangosteen aril between
the healthy and translucent tissues.

2. Materials and Methods

2.1. PlantMaterials. Fresh ripe mangosteen fruits at the peel
purple stage were obtained from a commercial orchard in
Chanthaburi Province, eastern )ailand, in July 2019, and
were transported to the Applied Science Laboratory at King
Mongkut’s University of North Bangkok (KMUTNB) within
a day. Fruits were then sorted by the uniformity of size (ca.
70–90 g/fruit), peel color, and absence of defects. For a
preliminary classification of translucent flesh disorder, fruits
were floated onto water containing 1.0% sodium chloride.
)e fruit that sank in the solution was presumed as having
translucent flesh disorder, comprising higher gravity. After
air-drying at the ambient room temperature (23–28°C), the
fruit pericarp was carefully removed by a sharp knife without
aril damage. In the present study, the fruit largest aril
segment of normal white (Supplementary Figure 1(a)) and
translucent disorder flesh (Supplementary Figure 1(b);
pointing arrow) was collected from one hundred mango-
steen fruits for investigating the ROS stress and lignification.

2.2. Firmness Measurement. Aril firmness was measured in
the middle of the segment by using a TA-XT 21 texture
analyzer (Stable Microsystems, UK) using a 2mm spherical

plunger with 5mmdistance depth and 1.0mm·s−1 test speed.
)e maximum force was recorded in Newton unit.

2.3. Cross Section and Staining. A thin piece of free-hand
cross section (40 microns) from normal and translucent
disorder arils was stained with 0.1M potassium phosphate
buffer (pH 6.8) containing 0.05% (w/v) Toluidine Blue
O-dye for 2min and then washed with distilled water [16].
)e stained tissues were observed under a light microscope
(EMZ, Meiji Techno, Japan).

2.4. Lignin Determination. Lignin content in the flesh was
investigated according to the method of Bruce and West [17].
Four g of aril flesh was homogenized in 16mL of methanol by
using a homogenizer (IKA Ultrarax T 25, Germany). Ho-
mogenate was filtered through Whatman GF/Ag filter No. 1.
)e remaining residual was washed twice by methanol and
dried in an oven at 60°C for 24h. Fifty mg of dried residual was
mixed in 5mL of 2M hydrochloric acid and 0.5mL of thio-
glycolic acid. )e mixture was boiled at 100°C for 4h. After
cooling, the suspension was centrifuged at 12,000× g for
30min. )e pallet was rinsed with 5mL of distilled water. )e
pallet was mixed in 5mL of 0.5M sodium hydroxide for lignin
thioglycolate extraction and left for 18h. )e mixture was
centrifuged at 12,000× g for 30min. )e supernatant (1mL)
was added with 1mL of concentrated hydrochloric acid and
incubated for 4min.)e reaction was centrifuged at 10,000× g

for 10min. )e radish-brown residual was collected and dis-
solved in 25mL of 0.5M sodium hydroxide. )e dissolved
lignin solution’s absorbance was measured by using a spec-
trophotometer (Shimadzu UV-1800, Japan) at 280nm. )e
content was reported in Abs280 nm/50mg DW.

2.5. ROS Generation and Its Transformation Determination.
Superoxide anion (O

.−

2 ) was extracted and measured
according to Chaitanya and Naithani [18]. Two g of aril flesh
was homogenized in 5mL of 0.05M potassium phosphate
buffer (pH 7.8) including 1mM diethyl-dithiocarbamate (a
SOD inhibitor). )e homogenate was centrifuged at
12,000× g at 4°C for 15min. )e supernatant (1mL) was
added with 3mL of a reaction mixture containing 0.1M
phosphate (pH 7.8), 1mM diethyl-dithiocarbamate, and
0.25mM nitro blue tetrazolium (NBT). )e absorbance of
the reaction solution was spectrophotometrically measured
at 540 nm within a min.

Hydrogen peroxide (H2O2), an O
.−

2 transformation, was
measured according to the work of Zouari et al. [19]. One g

of aril was homogenized in 5mL of 0.1% trichloroacetic acid
(TCA) and centrifuged at 12,000× g at 4°C for 15min. )e
supernatant (1mL) was then added to 2mL of a reaction
mixture containing 0.01M potassium phosphate buffer (pH
7.0) and 1M potassium iodide. )e reaction absorbance was
spectrophotometrically measured at 390 nm.

2.6. ROS Defensive Enzyme Assays. Extracts of superoxide
dismutase (SOD), catalase (CAT), peroxidase (POD), and
ascorbate peroxidase (APX) were performed according to
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the methods of Dhindsa et al. [20] and Jiménez et al. [21].
For SOD, POD, and CAT, 1 g of aril flesh was homogenized
in 10mL of 0.05M potassium phosphate buffer (pH 7)
containing 1% (w/v) polyvinylpolypyrrolidone (PVPP). For
APX extraction, 1 g of aril flesh was homogenized in 10mL
of 0.05M potassium phosphate buffer (pH 7.8) containing
0.1% (v/v) Triton X-100. )e homogenate was centrifuged at
12,000× g at 4°C for 15min, and the supernatant was used
for activity assay.

)e extraction and assay of CAD were performed with
the slightly modified Goffner et al. [22]. Briefly, 2 g of aril was
homogenized in 10mL of 100mMphosphate buffer (pH 7.5)
containing 1mM EDTA, 5mM magnesium chloride, 0.05%
(v/v) Tween 20, and 2.5mM 2-mercaptoethanol. )e ho-
mogenate was high-speed centrifuged at 18,000× g at 4°C for
30min. )e supernatant was used for enzyme activity assay.
One mL of the crude enzyme was incubated in 3mL of
100mM phosphate buffer (pH 7.5) containing 0.2mM
NADP and 0.1mM coniferyl alcohol for 1min. )e activity
of the enzyme was measured by using a spectrophotometer
at 400 nm.

SOD activity assay was perfprmed according to the work
of Dhindsa et al. [20]. )e crude (100 µL) was mixed in 3mL
of 0.05M potassium phosphate buffer (pH 7.8) containing
13mM methionine, 75mM NBT, 4mM riboflavin, and
100 µM ethylene diamine tetra-acetic acid. )e solution
mixture was vortexed for 1min and then left under fluo-
rescent light (15 watts) for 30min. )e absorbance was
spectrophotometrically measured at 560 nm. SOD activity
was calculated from the reaction mixture’s absorbency with
the enzyme (sample) and without enzyme (control). One
unit of SOD activity was represented by 50% NBT inhibition
calculated from the following formula:

SOD
unit
gFW

􏼠 􏼡 �
AbsControl − AbsSample/AsbControl × 100􏼐 􏼑

2
.

(1)

POD and CATactivity assays were performed according
to Song et al.’s method [23]. One hundred µL of the crude
extract was mixed in 3mL of 0.05M potassium phosphate
buffer (pH 7.0) containing 200mM hydrogen peroxide and
20mM guaiacol. )e absorbance of POD was measured at
470 nm. One POD activity unit was represented by an in-
crease in the absorbance (0.01) in 1min. For CAT activity,
100 µL of the crude was mixed in 3mL of 0.05M potassium
phosphate buffer (pH 7.0) containing 200mM hydrogen
peroxide.)e absorbency was measured at 240 nm. One unit
of CAT activity was represented by a decrease in the ab-
sorbance (0.01) for 1min.

2.7. Malondialdehyde (MDA) Determination. Determination
of MDA was performed according to Dipierro and Leonardis
[24]. Two g of aril flesh was homogenized in 10mL of 0.1%
(w/v) trichloroacetic acid (TCA) and centrifuged at
12,000° × °g for 10min. )e supernatant (1mL) was reacted
with 2mL of 20% (v/v) TCA containing 0.5% (v/v) of thi-
obarbituric acid (TBA) and incubated in a hot bath at 100°C

for 10min and then cooled down on ice. )e absorbances
were spectrophotometrically measured at 532 and 600 nm,
respectively. MDA content was calculated from the following
formula with 155mM−1 cm−1 extinction coefficient value:

MDA
μmol
gFW

􏼠 􏼡 �
Abs532nm − Abs600nm

155mM−1 1cm−1
× 1000

􏼠 􏼡. (2)

2.8. Phenolics Accumulation and Phenylalanine Ammonia
Lyase (PAL) Activity Assay. Determination of aril phenolics
was performed according to Recuenco et al.’smethod [25]. One
g of flesh was homogenized in 10mL of methanol. After
centrifugation at 10,000× g for 15min, the supernatant
(100µL) was mixed in 3mL of distilled water and 0.5mL of
Folin–Ciocalteu phenol reagent for 3min. )e mixture was
added with 2mL of 20% (w/v) of sodium carbonate. )e
absorbance of the reaction was recorded at 750nm. Phenolic
acid content was compared to the absorbance of gallic acid
standard. For flavonoid determination, 2mL of supernatant
was mixed in 5mL of distilled water and 0.15mL of 5% (w/v)
sodium nitrate for 5min, and then, 0.15mL of 10% (w/v)
aluminium chloride was added. )e reaction absorbance was
measured at 510nm. Flavonoid content was compared with
catechin standard.

PAL assay was performed according to the work of Camm
and Towers [26]. Five g of flesh was homogenized in 60mL of
cold acetone and filtered through Whatman filter paper No. 2.
)e remaining brown residual was rewashed with cold acetone
until the residual color turned white. )e residual was blended
in 50mL of cold 95% ethanol and filtered through Whatman
filter paper No. 2. )e residual was dried at room temperature
(25°C) and then kept in a desiccant chamber. For PAL, 0.5mg
of the acetone powder was mildly stirred in 50mL of 0.1M
sodium borate buffer (pH 8.8) at 4°C for 30min. After cen-
trifugation at 12,000× g at 4°C for 20min, the supernatant
(1mL) was mixed in 1.5mL of 0.1M sodium borate buffer (pH
8.8) and 1mL of 10mg/mL phenylalanine and incubated in a
hot bath at 30°C for 1h. Five N HCl (0.5mL) was added into
the reaction to stop the enzyme activity. )e reaction absor-
bance with and without phenylalanine was measured at
290nm. One unit of PAL activity was represented by an in-
crease in 1µmol cinnamic acid per 1 h.

2.9. Ascorbic Acid Determination. An ascorbic acid deter-
mination was performed, according to Klein and Perry’s
method [27]. One g of aril flesh was homogenized in 10mL of
5% (w/v) metaphosphoric acid and centrifuged at 12,000× g

for 10min. )e supernatant (0.5mL) was mixed in 4.5mL of
0.1mM 2, 6-DCIP. )e absorbance of ascorbic acid in the
mixture was then spectrophotometrically measured at 515nm
and compared to the ascorbic acid standard curve.

2.10. Antioxidant Ability Assays

2.10.1. Reducing power Assay. One g of aril flesh was ho-
mogenized in 9mL of methanol with a homogenizer. )e
homogenate was made to stand at ambient temperature
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Figure 1: Toluidine Blue O-stained tissues (a), firmness (b), lignin content (c), coniferyl alcohol dehydrogenase activity (d), and peroxidase
activity (e) in healthy and translucent arils. Means (n� 4) with different lower-case letters on the bars are significantly different.
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(24–28°C) for 3 h and then suctioned through Whatman
filter paper No. 1. )e methanolic supernatant (5mL) was
mixed with 1.25mL of 0.2M potassium phosphate buffer
(pH 6.6) and 1.25mL of 1.0% potassium ferricyanide (w/v).
)e mixture was then incubated in a hot water bath at 50°C
for 20min. )e mixture was cooled down on ice before
adding 1.25mL of 10% (w/v) trichloroacetic acid. )e
cleared zone fraction (2.5mL) was mixed with 2.5mL of
distilled water and 0.5mL of 0.1% (w/v) ferric chloride and
incubated at ambient temperature for 10min. )e absor-
bance of the solution mixture was spectrophotometrically
measured at 700 nm [24].

2.10.2. DPPH Scavenging Inhibition Assay. DPPH scav-
enging ability was measured, according to Chang et al.
[28]. One g of aril flesh was homogenized in 10mL of
methanol and centrifuged at 10,000 × g for 15min. )e
supernatant (0.1 mL) was added into 2.9 mL of 1mM 1,1-
diphenyl-2-picrylhydrazyl (DPPH) and kept in the dark
condition for 30min. )en, mixture absorbance was
monitored at 517 nm. )e reaction without the methanol-
extraction solution was demonstrated as a control. )e
percentage of scavenging inhibition was calculated from
the following formula:

DPPH inhibition (%) �
AbsControl − AbsSample􏼐 􏼑

AbsControl
× 100.

(3)

2.11. Protein Determination. Protein content in the enzyme
reaction was measured according to Bradford’s method [29].
)e crude at 0.5mL was mixed in a protein reagent com-
posed of 100mg of Coomassie Brilliant Blue G-250 (CBB) in
50mL of ethanol and 100mL of 85% (w/v) phosphoric acid.
)e absorbance was recorded at 595 nm and then compared
to Bovine Serum Albumin (BSA) standard.

2.12. Statistical Analysis. Independent Sample t-test analysis
was performed to compare the variation of the parameter
mean values between both treatments (4 replicates each; 4
fruit/replicates) at p< 0.05 using an SPSS software version
26 (IBM, Chicago, IL, USA).

3. Results and Discussion

3.1. Lignification and Firmness. Translucent aril, behaving
as a stiffening structure, exhibits firm-crispy texture and a
translucent tissue character. )e microscopic images of
Toluidine Blue O-stained aril structure show that lignin
was localized in the parenchyma cell wall and high in the
protruding fibrous-chain of the seed coat of translucent
flesh disorder (Figure 1(a)). Moreover, we found that
some parenchyma cells in translucent tissues were either
transformed into collenchyma cells or collapsed to form
aerenchyma. )e firmness of healthy aril was only 0.21
Newtons, which was 10 times lower than that of trans-
lucent aril (Figure 1(b)). )is evidence was related to the

higher lignin content detected in the translucent tissues,
double the amount compared to healthy arils
(Figure 1(c)). )e translucent aril conducted high ligni-
fication, which was increased by the activity of two key
enzymes in lignin biosynthesis, namely, CAD and POD.
When the former increased by 740% (Figure 1(d)), the
latter was 25% up (Figure 1(e)) in the translucent aril.
From these two enzymes directly involved in the accu-
mulation of lignins, CAD could be the rate-limiting step
of lignification in mangosteen aril under the stress con-
ditions. Translucent flesh disorder is usually generated in
mangosteen fruit during fruit ripening developed on tree
in the rainy season. Water covering the fruit could induce
hypoxic and oxidative stress in the fruit [5]. Lignification
induction was found in wheat under waterlogging con-
ditions related to increasing CAD and POD activities [10].
)e modification of lignins in the cell wall, simultaneously
induced by abiotic stress, could modify the cell-wall
matrix and the properties. Schopfer [30] reported that
cell-wall stiffening of maize coleoptile was related to an
intercellular coupling of monolignol residues by POD, a
lignin bound-membrane enzyme, using H2O2 as an
electron acceptor. As a result, changes in a high pro-
portion of Na2CO3-SP in the pectin [7] and the high
lignification could transform the white soft aril tissues
into translucent crispy tissues under stress conditions.

3.2. ROS Generation and Its Transformation. Oxidative in-
termediates were investigated in both healthy and translu-
cent arils of mangosteen fruit. Superoxide anion (O

.−

2 ) was
dramatically higher in translucent aril, which was 8.5-fold
compared to a healthy one (Figure 2(a)). )is harmful ROS
was suddenly dismutated to hydrogen peroxide (H2O2) by
superoxide dismutase (SOD).WhenH2O2 content was 125%
higher accumulated in translucent aril (Figure 2(b)), SOD
activities were, however, equal in both healthy and trans-
lucent arils (Figure 2(c)). Levels of lipid peroxidation could
imply oxidative stress and damage. Interestingly, malo-
naldehyde (MDA), a membrane-damaged end-product by
lipid peroxidation, was slightly higher in healthy aril
(Figure 2(d)). MDA is widely used as a marker of oxidative
lipid injury in plant tissues under biotic and abiotic stress.
However, this reaction in plant tissues could be potentially
interfered by many biological compounds which vary
according to the tissue types and stress conditions [31]. For
oxidative stress in mangosteen fruit, H2O2 in healthy aril
could be transformed into hydroxyl radical (OH·) via Fenton
reaction in the presence of Fe2+ than translucent aril. Al-
ternatively, H2O2 was contributed to be a cosubstrate of
POD to produce lignins in translucent aril, which is higher
than that in healthy aril. Oxidative intermediates such as O

.−

2
and H2O2 were highly induced in okra pods [12] and as-
paragus shoots [32] during storage under abiotic stress.
Furthermore, Jia et al. [11] found that cherry rootstock
released a high ROS amount under waterlogging conditions.
For survival, the harmful radical was discriminated by a
scavenging mechanism using several enzymes and
cosubstrates.
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3.3.  e Differential ROS Defensive Mechanisms. )e phe-
nolics content was 54mg GAE/g FW in translucent aril and
1.7 times higher than in healthy aril (Figure 3(a)). Since PAL
activity was significantly 100% higher in translucent aril
(Figure 3(b)), the phenolics were contributed to form lignin
along with the lignified enzyme series. Phenolic biosynthesis
could be stimulated by some abiotic stresses such as hypoxia
and physical damage to produce phenylpropanoid inter-
mediates as defensive mechanisms of plant cells [32].
Translucent flesh disorder is developed during on-tree fruit
ripening in rainy season or when a fruit was covered with
water for several hours, which could induce hypoxic con-
ditions in the fruit [5]. Furthermore, the level of transformed
H2O2 can alternatively be reduced by other plant defensive
reactions. Although CAT activity, catalyzing H2O2 into
water in peroxisome, was almost equal in both healthy and
translucent arils (Figure 3(c)), APX activity in healthy aril
was significantly higher than that in translucent aril
(Figure 3(d)). )us, APX could play a key role in ROS

defense in the healthy mangosteen aril by utilizing ascorbic
acid and H2O2 into water via the ascorbate-glutathione cycle
[33]. When the lower content of ascorbate by 24% was
detected in translucent aril (Figure 4(a)), the higher range of
flavonoids by 35% was measured in healthy aril
(Figure 4(b)). Flavonoids could be an effective antioxidant
supplement to reduce the activity of ROS. )e supportive
evidence was shown by approximately 100% higher of the
high reducing power ability (Figure 4(c)) and potent inhi-
bition of DPPH scavenging in healthy aril (Figure 4(d)).
Abiotic stresses inducing antioxidant systems’ defensive
mechanisms through redox-reaction via ROS metabolism
were reported in some field crops [14, 15] and horticultural
crops [12, 34].

We propose the comparative routes of ROS generation
and the defensive mechanism, taking place in the healthy
and translucent disorder of ripe mangosteen arils in
Figure 5. Translucent aril is an abnormal symptom oc-
curring during fruit ripening on the tree. )e initial
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Figure 2: O
.−

2 (a), H2O2 content (b), superoxide dismutase activity (c), and malonaldehyde content (d) in healthy and translucent arils.
Means (n� 4) with different lower-case letters on the bars are significantly different.
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Figure 3: Phenolic content (a), phenylalanine ammonia lyase activity (b), catalase (c), and ascorbate peroxidase (d) in healthy and
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mechanism is induced under hypoxia by water by ap-
plying either rainfalls or artificial water supply over the
fruits [7]. Under a hypoxic condition in fruit by full
capillary water in the mangosteen pericarp, the living cells
of aril lack metabolite-driving energy and so called ‘an
energy crisis’ stress [35]. As a result of survival, cells must
produce alternative energy via the fermentation route
instead of the typical oxidative phosphorylation. Alter-
natively, glucose could be dehydrogenated to form ribose
via the pentose phosphate pathway. )is phenomenal
stress is dramatically released of ROS content through the
redox-reaction process. Since ROS could further react to
lipid peroxidation in the cell membrane, plant cells
comprise their defensive mechanism to defend the ROS.
SOD can catalyze O

.−

2 into H2O2 (a nonactive ROS form),
and H2O2 is then detoxified into water by CAT. However,
due to the low activity of CAT in both healthy and
translucent arils instead, APX was important to oxidize
H2O2 and ascorbate into the water in healthy aril, but not
in translucent aril. Consequently, a high concentration of
remaining H2O2 could induce the PAL activity to produce
cinnamic acid via a translucent aril’s phenylpropanoid
pathway. )is phenolic (cinnamic acid) was derived into
two substances. )e first was to produce flavonoids, which
were potent inhibitors of DPPH in healthy aril. Secondly,
cinnamate is dehydrogenated into monolignol by CAD,
and the phenolic is then bound to the cell wall by POD.
)is evidence plays an outstanding role in defense ROS in
translucent aril by increasing the cell wall’s lignin. In
normal aril, high activities of CAT and APX and high
content of flavonoids and ascorbate could effectively re-
duce H2O2 in the cells. However, the remaining H2O2 in
healthy aril could be further reacted to a vigorous lipid
peroxidation form such as OH· when presenting of Fe2+
via Fenton reaction that damaged membrane lipid as
indicated by MDA concentration.

4. Conclusions

Translucent aril of mangosteen contained high oxidative
supplements, whereas normal tissues comprised the better
defensive mechanism. Normal aril conducted not only high
activities of antioxidant enzymes of superoxide dismutase
and ascorbate peroxidase but also high contents of anti-
oxidants of flavonoids and ascorbic acid. Translucent aril
reduced a high amount of H2O2 by inducing lignification of
the cell wall through cinnamyl alcohol dehydrogenase and
peroxidase, resulting in higher firmness with stiffening
structure and crispy texture.
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Stevia rebaudiana Bertoni and Mentha piperita are plants that generate interest mainly due to the presence of bioactive
compounds in their leaves, such as phenolics. Studies indicate that phenolics have pharmacological and therapeutic properties,
including antioxidant activity. Phenolic compounds may be affected by the type of fertilization. For this reason, organic and
chemical fertilization were evaluated along with antioxidant activity. Results showed significant differences for total phenols in
organic peppermint (62% higher content). Also, DPPH test displayed differences for peppermint and stevia (572% and 16%
greater in organic). Organic fertilization may be alternative for producing high added agricultural and commercial products.

1. Introduction

Dietetics products and natural food ingredient demand has
increased over the last years. A lot of interest has emerged on
sources of natural antioxidant since many health problems
are associated with the action of toxic forms of oxygen
responsible for oxidation processes. Antioxidants are ca-
pable of inhibiting reactive oxygen species (ROS) [1].
Phenolic compounds may represent approximately 19–23%
of dry peppermint leave weight [2]. It has been reported that
phenolics show beneficial health effects due to free radical
scavenging properties. Mexican population consumes in-
fusions in a regular manner, and one of the most popular is
prepared from peppermint (Mentha piperita). Peppermint
leaves contain a wide array of bioactive components (fatty
acids, volatile compounds, carotenoids, and phenolic
compounds). At the same time, an interest in natural

sweeteners has emerged due to the increasing health con-
sciousness and concern related to sugar consumption and
the problems related to the safety of some artificial non-
nutritive sweeteners [3]. Stevia is an herb of Asteraceae
family, which grows wild in South America, such as Para-
guay and Brazil. Leaves are the economic part of the plant
with a high concentration of steviol glycosides [4]. Stevia
rebaudiana Bertoni has been used as a natural sweeter; it is
categorized by high concentration of steviol glycosides in its
leaves, which are up to 200 to 400 times sweeter than sucrose.
In addition to their sweeteners, stevia plants possess other
compounds such as terpenes, sterols, volatile acids, vitamins,
carotenes, organic acids, polysaccharides, hormones, mi-
croelements, and phenolic compounds (tannins and flavo-
noids) [5].

Particularly important for the antioxidant capacity in
stevia and peppermint are phenolic compounds, which are

Hindawi
Journal of Food Quality
Volume 2021, Article ID 6620446, 6 pages
https://doi.org/10.1155/2021/6620446

mailto:feregrino.angge@hotmail.com
https://orcid.org/0000-0001-8001-5912
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6620446


secondary metabolites. +e promotion of product quality
regarding secondary metabolites content may be of high
relevance for a commercial expansion of stevia and pep-
permint. Phenolic compounds are involved in various plant
processes such as growth and reproduction and are also
synthesized as a defense mechanism to various stresses;
therefore, their production can be enhanced by different
conditions, among them, type of fertilization. Nowadays,
consumers are more concerned of possible exposure to
agrochemicals. Organic agricultural practices do not allow
the use of chemical compounds for crop nutrition, synthetic
compounds for pest, disease, and weed control. Many have
suggested that the use of organic fertilizers is an essential
source of nutrients for sustainable agriculture and in ad-
dition to cover the physiological requirements of crops,
favoring the development of high-quality crops [6]. Due to a
plethora of implications, among them, health benefits and
the use of environmental friendly agriculture practices [7],
the aim of this study was investigating the effect of organic
and chemical (conventional) fertilization on the content of
bioactive compounds in S. rebaudiana and M. piperita. +e
work is focused on the analysis of antioxidant capacity,
phenolic compounds, and steviosides levels in those mate-
rials, to assess differences between both types of fertilization.

2. Materials and Methods

2.1. Plant Material. Conventional peppermint and stevia
plants were obtained from a local supplier. +e plants
belonged to the same batch. Organic stevia plants were got
from a commercial greenhouse with organic care located at
San José Iturbide, Guanajuato, México. Organic peppermint
was grown at the Universidad Autónoma de Querétaro,
Amazcala campus. Leaves were collected and dried at 45°C
for 24 h (Fisher Scientific, 650D, USA). Next, they were
milled in a grinder (Krups GX4100, México).

2.2. Extract Preparation. Extraction for phenolics and an-
tioxidant determinations were performed by placing 1 g
(PRACTUM 224-1S; Sartorius, Göttingen, Germany) of
fresh sample in a 50mL tube and mixed with 10ml of
methanol.+e tubes were protected from light and shaken at
200 rpm (Orbit 1000 model S2030-1000; Labnet, Wood-
bridge, NJ, USA) for 24 h at 25°C. After incubation, the
samples were centrifuged (Sorvall Biofuge Primo R model
75005448; +ermo Scientific, Osterode, Germany) at
6, 793 × g for 10min. Aliquots of the supernatant were taken
for the assays. We followed the methods of Garcia-Mier,
Jimenez-Garcia [8].

2.3. Quantification of Condensed Tannins. Condensed tan-
nins expressed as milligrams of (+)-catechin equivalents per
gram of dry sample were quantified according to the next
procedure proposed by Garcia-Mier, Jimenez-Garcia [8].
Briefly, 200 μl of vanillin reagent (1% vanillin, 8% HCl in
methanol) was added to 50 μl of methanolic extract and
placed in a 96-well plate; each sample was tested in triplicate.
Condensed tannins were quantified at 492 nm in a

microplate reader (Multiskan Go model 51119300; +ermo
Scientific, Vantaa, Finland) using (+)-catechin (up to
0.1mg·mL−1) as a reference standard. A blank sample was
prepared by subjecting the original extract to the same
conditions of reaction without the vanillin reagent.

2.4. Quantification of Flavonoids. Briefly, the method for the
determination of flavonoids content was performed
according to Garcia-Mier, Jimenez-Garcia [8]. It consisted
of mixing 50 μl of the methanolic extract with 180 μl of
distilled water and 20 μl of a solution 2-amino-
ethyldiphenylborate 1% in a 96-well plate.+e absorbance of
the solution was monitored at 404 nm with a microplate
reader (Multiskan Go model 51119300; +ermo Scientific,
Vantaa, Finland). A rutin standard was prepared in meth-
anol. Extract absorption was compared with that of a rutin
standard curve (up to 2 μg·ml−1). Flavonoid content was
expressed as mg of rutin equivalent per gram of dry sample.

2.5.QuantificationofTotalPhenols. Total phenols (expressed
as mg of gallic acid equivalent per gram of dry sample) were
determined by the Folin-Ciocalteu method with modifica-
tions. To 40 μL of extract were added 460 μL of distilled
water, 250 μL of Folin Ciocalteau reagent, and 1250 μL of
20% sodium carbonate solution. After 2 hours in the dark,
samples were read at 750 nm in a UV/Vis spectrophotometer
(Genesys 10S UV-Vis, +emo Fischer Scientific, USA).
Gallic acid was used for the calibration curve [9].

2.6. Antioxidant Activity by 1,1-Diphenyl-2-picrylhydrazyl
Radical (DPPH) Inhibition Assay. Radical scavenging
activity (RSA) was determined using stable radical DPPH
method. +e assay was performed following the next
procedure. All reactions were conducted in 96-well
microplates. Aliquot (20 µL) of methanolic extracts was
mixed with 100 µM of DPPH (200 µl) in methanol. It was
used a control and a blank. After 30-minute incubation at
ambient temperature in darkness, absorbance was recorded
at 515 nm in a microplate reader (Multiskan Go model
51119300; +ermo Scientific, Vantaa, Finland). It was pre-
pared as a calibration curve with Trolox. +e antioxidant
activity was expressed as percent of inhibition [8].

2.7. Antioxidant Activity by 2,2′-Azino-bis(3-ethyl-
benzothiazoline-6-sulphonic Acid) (ABTS) Inhibition Assay.
+e radical cation was prepared bymixing 7mMABTS stock
solution with 140mM potassium persulfate (1/1, v/v) and
leaving the mixture for 12 h until reaction was completed
and the absorbance was stable. +e ABTS+ solution was
diluted with ethanol to an absorbance of 0.700± 0.05 nm at
730 nm for measurement. +e photometric assay was con-
ducted on 0.9mL of ABTS solution and 0.1mL of extract and
mixed for 45 seconds, and measurements were taken at
730 nm after 15 minutes. +e antioxidant activity of the
sample was calculated by determining the decrease in ab-
sorbance. Trolox was used as standard substance. +is assay
was based on the ability of different substances to scavenge
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radicals. +e antioxidant activity was expressed as percent of
inhibition [10].

2.8. HPLC Analysis. For extraction, purification, and
quantification of stevia extracts, the methodology used was
proposed by Mondal, Majumdar [11]. It consisted of
S. rebaudiana freeze-dried leaves (1 g) that were mixed with
10mL of a mobile phase (acetonitrile : water 80 : 20) for 20
minutes. Rebaudioside A was identified and quantified by
the high-pressure liquid chromatography method (HPLC,
Hewlett Packard 1100 model), in which 20 μL was taken and
was injected into the chromatography equipment. +e used
column was Zorbax Carbohydrate with a flow of 0.1mL/
min.

2.9. Statistical Analysis. Data were subjected to analysis of
variance (ANOVA) followed by Student’s t-test (with
P≤ 0.05) by JMP (SAS Institute Inc., Cary, NC, USA).

3. Results and Discussion

3.1. Phenolic Compounds. Phenolic compounds, flavonoids,
and condensed tannins as well as antioxidant activity were
analyzed in stevia and peppermint by spectrophotometric
methods after the application of organic and conventional
fertilization. A number of reports indicate that these com-
pounds are involved in the prevention of non-transmissible
chronic diseases by means of their antioxidant activity
[12, 13]. +e total phenol, flavonoid, and tannin content for
stevia and peppermint are shown in Tables 1 and 2. Results
indicate significant differences between organic and con-
ventional fertilization in peppermint for total phenolics but
not for flavonoids and condensed tannins; these variables do
not display significant differences in stevia; nevertheless, it is
relevant to mention that organic stevia has 33% more total
phenols than the conventional one. In the high total phenolic
content in peppermint, other phenolics may be implicated
apart from flavonoids and condensed tannins such as
phenolic acids, and caffeic acid derivatives were the most
abundant phenolic compounds in stevia [14]; also, caffeic
acid was the most abundant phenolic acid in peppermint
[15]; hydroxycinnamate derivatives have been identified and
quantified in stevia methanolic extracts [2, 16]. Various
authors have stated that the use of organic fertilizer enhances
the amount of secondary metabolites such as phenolic as
well the antioxidant activity in crops [17, 18]. +e amount of
stevia phenolic compounds found in this study is consid-
erably lower than those reported by other studies (e.g., total
phenol: 80.13mg gallic acid/g extract and total flavonoids:
111.16mg quercetin/g extract) [5, 19, 20].+e same behavior
occurs for peppermint, where total phenolic and total fla-
vonoid in peppermint leaves were 360.04± 0.285 and
421.96± 0.25mg 100 g−1, respectively [21]. According to
Gupta et al. [22], tannin detected content in stevia leaves is
5.68mg 100 g−1 what is higher than the amount found in this
work. Sujana et al. [23] reported 2mg·g−1 of tannins; this
value is higher than the one found in this research. Higher
levels of total phenolic content were consistently found in

organic and sustainable marionberries, strawberries, and
corn as compared to those produced by conventional ag-
ricultural practices [24]. According to the study of Faller and
Fialho [25] made on fruits and vegetables, organic agri-
culture results in food products with similar or marginally
higher polyphenol content and antioxidant capacity. +e
perception among consumers is that organic cultivars
possess a higher nutritional quality than conventional;
nevertheless, it is not easy to estimate compositional dif-
ferences due to agricultural practices because of the vast
number of variables such as crop, irrigation patterns,
weather variations, handling, etc. Post-harvest management
and also laboratory extraction techniques may be implicated
in these differences [6].

3.2. Antioxidant Activity. Antioxidant capacity was deter-
mined in extracts from leaves of S. rebaudiana Bertoni and
M. piperita. +is activity was characterized by two different
assays, consisting of measuring the ability to scavenge the
DPPH radical. Results obtained are shown in Tables 3 and 4
for stevia and peppermint, respectively. A different behavior
between these two tests can be observed. In the ABTS test, no
significant differences were observed. However, DPPH test
displayed significant differences for both plants. Stevia
presented 0.880± 0.009 and 0.827± 0.16mg Trolox equiva-
lent g of extract−1 for organic and chemical fertilization,
respectively. Peppermint has 0.889± 0.014 and
0.558± 0.028mg Trolox equivalent g of extract−1 for organic
and conventional fertilization, respectively. +ese results are
lower than those presented in other studies [13].+is may be
related to the lower amount of phenolic compounds founds
in the material tested. Yildiz-Ozturk et al. [19] found DPPH
radical scavenging activities of around 90% which are higher
than the ones found; nevertheless, Singh et al. [26] reported
radical scavenging activities (%) that ranged between 47.1%
and 82.4% for leaf and flower, respectively. Both assays are
classified into the group of single electron transfer based
methods, which accounts for the similarity of results re-
ported in many occasions. However, it must be considered
that the conditions in which the tests are performed are
different, so they must be considered complementary [27].
Total phenolic content correlates positively with antioxidant
activity. Other studies have found the same relation. It is
stated that antioxidant capacity characterizing stevia leaves
is mainly attributable to the presence phenolic compounds,
such as flavonoids [2] and steviosides [28]; Barroso et al. [14]
stated the total flavonoid content was less strongly correlated
with the antioxidant activity in comparison with the total
phenolic acids, due to its higher concentration present in
stevia. . +e phenolic compounds present in the herbs and
spices have been reported to show natural antioxidant ac-
tivity and are applied as food preservatives. +e predomi-
nant mode of antioxidant activity of phenolic compounds is
believed to be a radical scavenging via hydrogen donation
[5].

Organic fertilization may enhance some bioactive
compounds that correlate with antioxidant activity in plants;
however, more research is needed to ensure getting high
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added value agricultural products and nutraceutical prod-
ucts. In some cases, the strategy is not just organic or
conventional but integrative, as the one exposed for pep-
permint where the application of chemical fertilizers with
nano fertilizers can be an alternative to improve the quali-
quantitative characteristics of peppermint [29]. More foods
must be evaluated to solve the controversy of whether or-
ganic foods have a nutritional and/or sensory advantage
when compared to their conventionally produced
counterparts.

Due to their amount of steviol glycosides, which are of
great medicinal and nutraceutical importance worldwide,
two different varieties of stevia (Morita and Eriete) were
evaluated in their amount of glycosides (stevioside, rebau-
dioside A, and rebaudioside C) under organic and con-
ventional fertilization. For organic fertilization, in Morita,
the stevioside, rebaudioside A, and rebaudioside C content
expressed as mg/g of dry matter was 9.582, 1.184, and 7.496,
respectively. For Eriete, it was 1.160, 24.719, and 5.748,
respectively. For Morita cultivated under conventional
fertilization, steviosides were not detected and rebaudioside
A was found in an amount of 14.877mg/g of dry matter and
rebaudioside C in 5.893. Eriete under this same condition
presented 25.710mg/g of dry matter for rebaudioside A and

4.891mg/g of dry matter for rebaudioside C. No differences
in the steviol glycoside content were found between varieties
or fertilization. Dı́az-Gutiérrez et al. [30] found concen-
tration of rebaudioside C and stevioside increased under
organo-mineral fertilizer (compost from poultry manure
with inorganic salts) under greenhouse conditions. +ese
authors found that nutrients as nitrogen, calcium, magne-
sium, and sulfur presented a significant correlation with the
production of steviol glycosides. +e implication of nitrogen
fertilization in the production of steviol glycosides and other
stevia bioactives has been also stated by other authors
[14, 28], implying that adequate N rate is important to
significantly increase and optimize the bioactive compound
levels in stevia; however, it was stated by Barbet-Massin et al.
[31] that steviol concentration in the leaf decreased with
increasing nitrogen concentration; then, the implication of
nitrogen in the development of steviol glycosides needs
further evaluation since it also implies that an N deficit could
be switching between the production of steviol glycoside and
the synthesis of key isoprenoids, such as gibberellins,
chlorophylls, and carotenoids.

It is identified that, among steviol glycosides, stevioside
and rebaudioside A are present in the highest concentra-
tions. Stevioside is 300 times sweeter than sucrose; it has a
slight licorice flavor and a bitter aftertaste. In contrast,
rebaudioside A lacks the bitter aftertaste and is 250 up to 400
times sweeter than sucrose [31]; for this reason, the
rebaudioside A/stevioside ratio is considered a parameter to
measure the quality of stevia extract [32]. For Morita cul-
tivated under organic condition, rebaudioside A/stevioside
ratio was of 0.12, whereas for Eriete it was 21.31. In cultivars
grown in conventional manner, no stevioside was detected.
+e results for Eriete are relevant since it will develop a
better taste in steviol glycoside products. It is relevant to
mention that the ratio reported here is higher than the one
reported in a study where mannitol, an NaCl stress, was
evaluated (0.75–1.53).

Results obtained in the present investigation suggest that
stevia and peppermint grown under organic conditions
display higher levels of polyphenols and antioxidant activity;
nonetheless, additional research must be done to confirm
possible differences between conventional and organic stevia

Table 1: Total phenolics, flavonoids, and condensed tannins in steviaa.

Fertilization Plant Total phenolicsb Flavonoidsc Condensed tanninsd

Organic Stevia 0.948± 0.157a 0.165± 0.030a 0.006± 0.001a
Conventional Stevia 0.708± 0.089a 0.186± 0.088a 0.006± 0.002a
aEach value is the mean of three replicates ± standard error. Different letters in each column express significant difference P≤ 0.05 by Student’s t-test. bmg of
gallic acid equivalent/g of dry sample. cmg equivalent of rutin/g of dry sample. dmg of (+) catequine equivalent/g dry sample.

Table 2: Total phenolics, flavonoids, and condensed tannins in pepperminta.

Fertilization Plant Total phenolicsb Flavonoidsc Condensed tanninsd

Organic Peppermint 0.905± 0.055a 0.112± 0.006a 0.001± 0.000a
Conventional Peppermint 0.558± 0.047b 0.379± 0.037b 0.017± 0.005b
aEach value is the mean of three replicates ± standard error. Different letters in each column express significant difference P≤ 0.05 by Student’s t-test. bmg of
gallic acid equivalents/g of dry sample. cmg equivalent of rutin/g of dry sample. dmg of (+) catequine equivalent/g dry sample.

Table 3: Radical scavenging activity of stevia as a result of type of
fertilizationa.

Fertilization Plant
% inhibition

ABTS DPPH
Organic Stevia 92.847± 2.394a 72.780± 1.817a
Conventional Stevia 94.526± 0.077a 62.681± 3.076b
aEach value is the mean of three replicates ± standard error. Different letters
in each column express significant difference P≤ 0.05 by Student’s t-test.

Table 4: Radical scavenging activity of peppermint as a result of
type of fertilizationa.

Fertilization Plant % inhibition
Organic Peppermint 93.783± 0.210a 74.474± 2.801a
Conventional Peppermint 93.330± 0.406a 11.815± 5.336b
aEach value is the mean of three replicates ± standard error. Different letters
in each column express significant difference P≤ 0.05 by Student’s t-test.
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and peppermint in order to provide better guidance to
agricultures and consumers.

Data Availability

+e data are available from the corresponding author upon
request.

Conflicts of Interest

+e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

Special thanks are extended to FOFIUAQ.+e authors thank
FOFIUAQ for their support of this work.

References

[1] M. K. Roy, M. Takenaka, S. Isobe, and T. Tsushida, “Anti-
oxidant potential, anti-proliferative activities, and phenolic
content in water-soluble fractions of some commonly con-
sumed vegetables: effects of thermal treatment,” Food
Chemistry, vol. 103, no. 1, pp. 106–114, 2007.
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In the entire world, cereals and related foodstuffs are used as an important source of energy, minerals, and vitamins. Nevertheless,
their contamination with mycotoxins kept special attention due to harmful effects on human health. $e present paper was
conducted to evaluate published studies regarding the identification and characterization of mycotoxins in cereals and related
foodstuffs by liquid chromatography coupled to (tandem) mass spectrometry (LC-MS/MS) techniques. For sample preparation,
published studies based on the development of extraction and clean-up strategies including solid-phase extraction, solid-liquid
extraction, and immunoaffinity columns, as well as onmethods based onminimum clean-up (quick, easy, cheap, effective, rugged,
and safe (QuEChERS)) technology, are examined. LC-MS/MS has become the golden method for the simultaneous multi-
mycotoxin analysis, with different sample preparation approaches, due to the range of different physicochemical properties of
these toxic products. $erefore, this new strategy can be an alternative for fast, simple, and accurate determination of multiclass
mycotoxins in complex cereal samples.

1. Introduction

Most people of developed and developing countries use
cereals and cereal-based products as their primary source of
nutrients and energy [1–4]. Nevertheless, due to rich con-
tents of fat, protein, and minerals, they are providing a great
environment for fungal growth [5, 6]. Contamination of
cereals in preharvest and postharvest stages with fungi can
lead to the production of mycotoxins [7–9]. In this line,
some environmental agents such as humidity, temperature,
inadequate storage conditions, insect damage, and drought
play important roles in the level and diversity of contami-
nation by mycotoxins [10–12]. In addition, the incidence
andmycotoxins concentration in cereal-based food products
can be associated with some factors, such as physical and
chemical food characterization (pH, composition, and water
activity), production management (storage, harvesting, and

conditions of processing), and weather status (humidity and
temperature) [13–16].

$ese secondary toxic metabolites are secreted by some
important fungal genera including Aspergillus, Penicillium,
Fusarium, and Alternaria [17–22]. Naturally toxic com-
pounds with a low molecular weight and a high bio-
accumulation ability, mycotoxins, are thermally stable
[23, 24]. According to literature, among more than 400
identified secondary compounds, deoxynivalenol (DON),
ochratoxin A (OTA), zearalenone (ZEN), and aflatoxins
(AFTs) were renowned as the most studied mycotoxins and
are considered a hazard to human or animal health [25–32].

Currently, biologically modified mycotoxins, introduced
due to plant metabolism and known as “masked myco-
toxins,” have also been described such as ZEA-14-sulfate
(Z4S) and α- and β-zearalenol (α- and β-ZOL) [33–37]. $e
most common examples are 3-acetyl-deoxynivalenol (3-
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ADON) and 15-acetyl-deoxynivalenol (15- ADON) which
have been detected in Fusarium-contaminated cereals
[38–41]. Both compounds ascend from 3,15-diacetyl
deoxynivalenol [42, 43].$e occurrence of 3-ADON and 15-
ADON in cereals has been described in some studies
[44–47].

For the determination of mycotoxins in cereals and
related foodstuffs, sampling of nonhomogeneous com-
pounds and the analytical techniques are strongly important.
In this line, proper sampling techniques must be put in place
to obtain representative results. $erefore, sample selection,
sample size, and number of incremental samples must be
well recognized due to the mycotoxin heterogeneous dis-
tribution within the lots [48, 49]. Since fungal growth is
limited to certain locations in the lot and arbitrarily dis-
tributed, fungi contamination and mycotoxin production
are considered as “spot processes” [48]. According to the
Commission Regulation (EC) No. 519/2014 [50], from lots
≥50 tonnes, incremental sample number must be a mini-
mum of 100, with a total of 10 kg of aggregate samples. For
lots <50 tonnes, 3 to 100 incremental samples should be
collected, with a corresponding aggregate sample weight of 1
(minimum weight) to 10 kg. In the case of lots >500 tonnes,
the representative sample should be at least 10% of the lot.

Analysis of mycotoxin in cereals and related foodstuffs is
a decisive practice to approve food security. Several detec-
tion methods have been established, among the most
common currently used are LC-MS/MS methods. When
compared to other separation and detection techniques, LC-
MS/MS methods present very high analytical sensitivity.
Extraction procedures and suitable clean-up, providing good
recoveries and reducing matrix effects, are consequently
extremely important to analytical method development and
optimization. In this way, aqueous solvents and/or acidic
solvents are crucial for quantitative extraction of FBs or
OTA, while high organic solvents are suitable for myco-
toxins such as AFs, OTA, and ZEA [51–53]. On the other
hand, clean-up procedures towards mycotoxin analyses are
largely performed by solid-phase extraction (SPE) or
immunoaffinity columns (IAC) [54, 55]. Based on solid
samples such as cereals and related foodstuff samples, SPE
was used as a clean-up and/or concentration step following a
prior extraction procedure [56, 57]. Several SPE columns are
commercially available, with different solid phases ranging
from C18 materials (ion exchange) to more specific ad-
sorbent materials [56, 58, 59]. IAC, a method based on the
interaction between antigen and antibody, displays some
advantages, including a minimal loss of mycotoxins and a
maximal elimination of interfering substances [60–62].
Compared to SPE extraction, the utilization of IAC as a
clean-up procedure could greatly improve the specificity of
subsequent analysis [54]. Other comparable clean-up pro-
cedure includes the QuEChERS-like method, which offers
the opportunity to extend the number of analytes to be
analyzed by a less time-consuming approach [58, 63].
According to Amirahmadi et al. [64], this method involves
extraction with acetonitrile and partitioning clean-up after
the addition of a salt mixture (MgSO4 and NaCl). Re-
markably, QuEChERS is reliable with a number of

advantages, such as simplicity, minimum steps, and effec-
tiveness in cleaning-up complex samples [65].

For quantitative analysis of mycotoxin in cereal-based
food samples, chromatographic techniques showed a group
of techniques most commonly used which are highly se-
lective, sensitive, and accurate [66–69]. For mycotoxin
analysis, high-performance liquid chromatography (HPLC),
thin-layer chromatography (TLC), gas chromatography
(GC), and LC-MS/MS are commonly used chromatographic
techniques [70, 71]. HPLC-UV, HPLC-diode array (DAD),
HPLC-fluorescence detector (FLD), or mass spectrometry
(MS) detector has been used to detect AFT, OTA, DON,
ZEN, fumonisins (FUM), citrinin (CIT), and patulin (PAT).
By using Liquid chromatography techniques to mass
spectrometry (LC-MS/MS), the concurrent detection of
multiple mycotoxins in various cereals and related foodstuffs
products was established [70, 71]. TLC is cost-effective,
simple, and suitable for rapid screening of common my-
cotoxin, but the lack of automation limits its use; moreover,
GC coupled with electron capture (ECD), flame ionization
(FID), or MS detector applied for volatile mycotoxins
(trichothecenes (TCTs) and PAT) also limits its commercial
use [72, 73].

Consecutively, the present review presents an empha-
sized overview on the development, optimization, and
validation of LC-MS/MS-based methodologies towards the
analysis of mycotoxins in cereals and related products. In
addition, clean-up and extraction procedures and chro-
matographic and detection parameters, as well as the ana-
lytical method performance process, were well discussed.

2. Analytical Methods: Liquid
Chromatography-Tandem Mass
Spectrometry (LC-MS/MS)

$e basic principle of MS/MS is the selection and frag-
mentation of precursor ion and measurement of the m/z
ratio of the product ions formed [73, 74]. $ere are two
fundamentally different approaches to MS/MS: tandem
mass spectrometry in space or in time [75]. $e triple
quadrupole (QqQ) was the frequently used space instru-
ment tandem mass spectrometry in space. Equally, other
examples of tandem mass spectrometers included quad-
rupole-time-of-flight (QqToF) and Orbitrap hybrid in-
struments [76–79]. However, tandem-in-time instruments
are typically ion-trapping mass spectrometers, which
comprise 3D quadrupole ion traps (QIT) [80], linear ion
traps (LIT) [81, 82], and Fourier transform-ion cyclotron
resonance (FT-ICR) instruments [83, 84].

After extraction with acetonitrile/water, QqQ LC-MS/
MS methods were examined for the quantification of TCTs
and ZEA in cereals by using electrospray ionization (ESI)
[85] and atmospheric pressure chemical ionization (APCI)
[86, 87] interfaces.

Cavaliere et al. [88] presented their method for the
determination of 8 TCTs, three FUM, ZEA, and alpha-
zearalenol in corn samples and used ESI QqQ MS in both
polarity modes. A positive-ion mode ESI QqQ LC-MS/MS

2 Journal of Food Quality



method for the simultaneous determination of 16 myco-
toxins on a cellulose filter was developed by Delmulle et al.
[89].

In targeted mycotoxin determination LC-MS/MS, ana-
lytical methods using a QqQ and linear ion trap (QLIT) mass
spectrometer are the most commonly used procedures [90].
$e combination of QqQ MS (QqQ/QLIT) is valuable be-
cause this instrument retains the selective reaction moni-
toring mode (SRM) [75, 91, 92]. Rapid multimethods based
on QqQ/QLIT approaches are able to analyze simulta-
neously up to 300 mycotoxins and also their metabolites or
other related food contaminants depending on the length of
the chromatographic run [92–95].

$e sustained development of mass spectrometers,
including Orbitrap-based systems as well as other instru-
ment platforms such as the QTOF, was thus driven by aims
of accelerating scan speed and increasing sensitivity
[96, 97]. $is instrument can be defined as a triple
quadrupole where the last quadrupole is substituted by an
oa-TOF or as the addition of a collision cell to a TOF
analyser and a quadrupole analyser [97]. To perform
fragmentation with higher-energy collisional dissociation
(HCD), a gas-filled quadrupole (the HCD cell) was fitted
directly after the C-trap [98]. Besides, it has been stated that
TOF and Orbitrap analyzers, with resolving power of
10,000–100,000 and 140,000–240,000 (full width at half
maximum defined at m/z), were used respectively [75].
$ese analyzers are very sensitive making easier the ana-
lytes identification giving accurate results even when we are
dealing with very low levels of analytes. Some authors have
exploited their potential in the quantitative analysis of
mycotoxins showing higher significance for Orbitrap [99].

A new generation of hybrid techniques such as the
Q-orbital ion trap (Q Exactive) instrument combines the
advantages of high-performance quadrupole selection of
precursor ions with those of high-resolution mass detection
[100, 101]. $e subsequently developed Q Exactive instru-
ment allowed precursor ion isolation on an exactive-type
mass spectrometer. For isolation of precursors, a mass fil-
tering quadrupole was utilized [101, 102]. $ereafter, for
detection, the HCD cell voltages are ramped and ions are
conveyed back into the C-trap from where they are injected
into the Orbitrap. In fact, structural information can be
obtained on compounds of interest and fragment ions can be
used for confirmation in targeted analyses [102].

Regarding identification, metabolite ions in a full scan
spectrum (MS) are subsequently isolated to generate MS/MS
spectra; data-dependent acquisition (DDA) approach is the
most common strategy [103, 104]. $ereafter, metabolite
structure is elucidated through MS/MS spectral similarity
corresponding to the standard metabolite spectral library. In
this context, Human Metabolome Database (HMDB) [105],
METLIN [106], and MassBank [107] are frequently referred
to as a spectrum-centric approach. MassBank is the first
public source of mass spectra of small chemical compounds
for life sciences (<3000Da) [107], while METLIN includes
an annotated list of known metabolite structural informa-
tion that is easily cross-correlated with its catalogue of high-
resolution Fourier transform mass spectrometry (FTMS)

spectra, MS/MS spectra, and LC/MS data [106]. Application
of DDA in analysis of mycotoxins was demonstrated in
several recent studies [108, 109]. Nevertheless, DDA suffers
from numerous limitations. For example, in one experiment,
not a limited number of ions with highest abundance de-
tected in the full MS scan are isolated and fragmented in a
product ion scan experiment [110–112]. Also, the selected
precursor ions may be derived from many adducted ions
instead of molecular ions [113, 114]. If applied to the analysis
of mycotoxin-contaminated foodstuff, these problems
would be aggravated since these metabolites habitually occur
at lower concentrations, and absolute quantification is
critical for compliance with regulatory limits [109].

Technological advances have greatly increased the
resolution, speed, and sensitivity of mass spectrometers.
$is has allowed for new types of nontargeted methods to
become more practicable, precisely data-independent
acquisition (DIA). It should be noted that the DIA ap-
proach depends on the width of the isolation window, and
many ions can be cofragmented. Consequently, the
product ion spectra are more complex compared with
targeted methods and at each segment producing one
multiplexed MS/MS spectrum derived from multiple
precursor ions [115, 116]. DIA approaches have been
established on each of the Orbitrap mass spectrometer
platforms to take benefit of their specific architectures.
Development in the area of DIA included methods such as
wide isolation window SIM scan DIA (WiSIM-DIA) on
the Orbitrap fusion mass spectrometer [117]. $is ap-
proach utilized an ultrahigh-resolution SIM scan for
quantification, complementary with classic DIA. In
proteomics, several data MS analysis methods and pro-
grams, such as DIA-Umpire [118] and Skyline [119, 120],
were used. In this line, DIA-Umpire, a comprehensive
computational workflow and open-source software for
DIA data, detects precursor and fragment chromato-
graphic features and assembles them into pseudo-MS/MS
spectra which can be identified using conventional da-
tabase searching and protein inference tools without the
need for a spectral library [119]. In the same way, Egertson
et al. [120] described the use of DIA on a Q-Exactive mass
spectrometer for the detection and quantification of
peptides in complex mixtures using the Skyline Targeted
Proteomics Environment.

$e most promising feature of DIA analysis of myco-
toxins is that the data generated is ideal for retrospective
analysis. Newly characterized mycotoxins can be identified
in archived data by high-resolution precursor mass, reten-
tion time, and multiple product ions. High-resolution MS
alone has been used to collect data that can be retrospectively
analyzed for the presence of mycotoxins [109, 120, 121]. In
this vein, Renaud et al. [109] reported the development of a
powerful LC-DIA analysis method on a Q Exactive hybrid
quadrupole-Orbitrap mass spectrometer for mycotoxin
analysis produced by Fusarium graminearum in maize. On
the contrary, Berthiller et al. [122] reported a method de-
tection limit of 0.012 g/ml for D3G in purified sample ex-
tracts, corresponding to 0.02 g/g in contaminated cereals.
$ese authors also estimated their LOD from the signal
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intensity of their standards, based on the limited ion sup-
pression they observed.$e pigment LOQ and LODwere 4.3
and 0.0005 g/kg, respectively. Good linearity for the pigment
standard curve (R2 0.999) was also observed.

In LC-MS, the majority of multimycotoxin methods
used ESI interface. In fact, positive-mode ESI is exclusively
applied to couple high-performance liquid chromatography
(HPLC) or ultrahigh-performance liquid chromatography
(UHPLC) and MS detection [73, 123–126]. $is technique
has been effectively used for the synchronized quantification
of mycotoxins with different chemical structures [54] in one
single run [89, 126]. $e LC/MS-MS technique has been
reported by many studies in multimycotoxin determination,
such as 17 different mycotoxins in barley and malt [127].

3. Current Methods Used for LC-MS/MS
Determination of Mycotoxins in Cereals and
Related Products

$e approaches include those used for screening and
quantification in both official control and research. It should
be noted that the approaches discussed mostly have been
developed for the determination of EU-regulated mycotoxins
in various food matrices to strictly respond to the EU leg-
islation [128]. Despite the interesting benefits that could
procure MS/MS as a very selective technique, its signal could
be overestimated and lost in the case of some challenging
samples leading finally to false positive results. Also, although
LC-MS is considered to be a highly sensitive analytical
technique, trace detection levels of some analytes seem im-
possible especially when compromises related to sample
preparation and LC-MS/MS conditions have to be made.
$ese methods are developed based on the QuEChERS ap-
proach [129]. $is approach was established for a very rapid
extraction and purification with regard to multipesticide
analysis. Its relevant principle relies on the partitioning of an
acetonitrile-water mixture induced by addition of inorganic
salts. In general, LC-MS/MS techniques includingQuEChERS
approach are ineffective for the AFs and OTA detection in
baby foods at the EU limits. $erefore, for these particular
metabolites, specific clean-up methods with immunoaffinity
columns (IACs) or combinations with another clean-up
technique are used [52]. $e application of immunoanalysis
for a rapid screening of mycotoxins represents an attractive
analytical method commonly used nowadays. $e main
criteria for research of such approaches include simplification
and rapidity of analysis, sensitivity improvement, and matrix
effect reduction. Immunoassays generally applied for rapid
detection of individual mycotoxins are summarized in a
review concerning immunochemical assays [52]. $e com-
mon immunomethods applied for mycotoxin detection rely
on binding of specific antibodies to a solid support (direct
competitive ELISA format) or coated antigens (indirect
competitive ELISA format). $ese formats are used in all
nonhomogenic methods: microtiter plate immunoassays and
sensors. Homorganic methods implicate the fluorescent
polarization and capillary electrophoretic immunoassays [52].

Lattanzio et al. [52] detected and quantified aflatoxins
(B1, B2, G1, and G2), ochratoxin A, fumonisins (B1, B2),
deoxynivalenol, zearalenone, T-2, and HT-2 toxins in maize.
In fact, reversed-phase liquid chromatography coupled with
electrospray ionization triple quadrupole mass spectrometry
(LC/ESI-MS/MS) was used as chromatographic mobile
phase, a linear gradient of methanol/water containing 0.5%
acetic acid and 1mM ammonium acetate. $e method
exhibited good linearity; also, matrix-coordinated calibra-
tion curves for all analytes were linear over the relevant
working range with r (coefficient of correlation) values
between 0.9980 and 0.9999 [52]. In addition, recoveries
higher than 79% were obtained for all tested mycotoxins
with relative standard deviations less than 13%. $ese au-
thors reported that method performances were quite sat-
isfactory for all tested mycotoxins at contamination levels
close to or below the relevant EU maximum permitted or
recommended levels. Limits of detection (LOD) in maize
ranged from 0.3 to 4.2 μg/kg [52]. $ese LODs are similar
with or slightly lower than those reported by other authors
using MRM detection for the analyses of the same myco-
toxins in maize or maize-based food extracts after SPE clean-
up [86, 88, 89].

On the other hand, QuEChERS procedure has been used
for the development of an LC-MS/MS assay for the deter-
mination of 17 mycotoxins in cereals for human con-
sumption and infant cereals [129]. All tested matrices gave
LOQs below the maximum levels except for AFLA B1 in
infant cereals (maximum level� 0.1 μg/kg, LOQ� 1 μg/kg).
Matrix effects were nevertheless more important in soya
(LOQ for the aflatoxins B1, B2, G1, and G2 � 2 μg/kg) and
even more in corn gluten (pet food material). Higher LOQs
were thus obtained in corn gluten (pet food ingredient) for
which no regulatory limits have been established [130].
$ese authors, also, have chosen the ESI+ mode since the
sensitivity of critical compounds with low maximum levels
(i.e., aflatoxins B1, B2, G1, and G2 and OTA) was visibly
enhanced. In contrast, an acceptable sensitivity for ZON, as
[M−H]− ion, was only obtained in the ESI-mode. At the
same time, the addition of ammonium formate to the
aqueous mobile phase clearly enhanced the sensitivity for
both type A and B TCTs detected under their ammonium
adduct [M+NH4]+, whereas formic acid in both mobile
phases increased the overall sensitivity, giving better peak
shape for the acidic compounds, i.e., FB1, FB2, and OTA
[131].

Modified QuEChERS which used acidified acetonitrile
(ACN), MgSO4, NaCl, and citrate buffer salts, combined
with dispersive solid-phase extraction (d-SPE) clean-up and
followed by LC-ESI-MS/MS method, was applied for the
determination of EU-regulated mycotoxins in several cereals
such as wheat, maize, and rice [132]. In cereals, aflatoxins,
ochratoxins, fumonisins, trichothecenes, and zearalenone
were detected and quantified. $e performance of the
method was assessed and compared to European Com-
mission (EC) Regulations, by studying the selectivity,
specificity, LOD, LOQ, linear dynamic range (LDR), matrix
effect, accuracy, precision, and uncertainty. In this context,
Fernandes et al. [132] reported a good linearity (r2> 0.9713)
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for all mycotoxins investigated, and LODs (S/N� 3) and
LOQs (S/N� 10) were below the tolerance levels of myco-
toxins set by EC. Recoveries of the extraction process, ob-
tained with different spiked concentrations, ranged from
72.9 to 120.6%, with relative standard deviations (RSD)
lower than 23.0%.

Rubert et al. [133] reported the comparison of four
different extraction techniques used in the determination of
32 mycotoxins in barley. $ese methods included
QuEChERS modification, matrix solid-phase dispersion
(MSPD: extraction MeCN/MeOH, 50/50, v/v), supported
liquid extraction (SLE: extraction MeCN/water/acetic acid,
79/20/1, v/v/v), and solid-phase extraction (SPE, previous
SLE extract). Accordingly, it has been shown that modified
QuEChERS method was faster and easier than the other
methods. Also, it enables to extract well all of the mycotoxins
(from 64.1% DON-3-G to 93.4% T-2). $ese authors vali-
dated the method according to the directive and guide on
that subject [134]. In this regard, confirmation of identity,
specificity/selectivity, linearity, lowest calibration level
(LCL), ranging between 1 and 100 μg/ kg for enniatin B
(ENB) and NIV, respectively was done. $e precision,
process efficiency, and recovery were, also, studied [135].
Remarkably, Rubert et al. [133] reported that the UHPLC-
HRMS was a robust technique for validation and routine
mycotoxin analysis. $is latter technique showed sensitivity
and selectivity to identify simultaneously 32 mycotoxins.

Rubert et al. [135] developed a method to analyze si-
multaneously 14 mycotoxins (nivalenol (NIV), deoxy-
nivalenol (DON), aflatoxin B1 (AFB1), aflatoxin B1 (AFB2),
aflatoxin G1 (AFG1), aflatoxin (AFG2), diacetoxyscirpenol
(DAS), fumonisin B1 (FB1), fumonisin B2 (FB2), ochratoxin
A (OTA), HT-2, T-2, ZEN, and beauvericin (BEA)) by LC-
MS/MS. In this study, a comparison between eight sorbents
(C18, C8, phenyl, amine-bonded phases, celite, silica, Flo-
risil®, and alumina (acidic, neutral, and basic)) using an
optimized solvent, MeCN/MeOH (50/50, v/v) 1mM am-
monium, to elute the desirable compounds, was performed.
As a result, FMs were only extracted with C18 or C8, being
the best recoveries for all mycotoxins obtained with C18
(from 72% of ZEN to 93% of deoxynivalenol (DON)) [135].
$e sensitivity was evaluated by LOD and LOQ values and
then was calculated analysing fortified flour sample. In all
these cases, LOQs were always lower than the European
maximum levels (MLs) established by EU. $e authors
commented that the precision, calculated as RSD, was be-
tween 3% and 14% for the intraday test and from 4% to 14%
for the interday test. $e recovery ranges in low and high
spiked levels were 68.8–89.6% and 72.6–87.5%, respectively,
for the intraday test and 68.7–88% and 72.8–87.6% for the
interday test at LOQ and 10 times LOQ, respectively. Similar
to matrix effects, recoveries and its repeatability were studied
in the three varieties of cereal (wheat, corn, and rice) flour by
three replicates. In all matrix tested, recoveries were satis-
factory (between 70% and 120%).

Serrano et al. [136] studied the contents of 14 myco-
toxins in samples of different cereal (rice, wheat, maize, rye,
barley, oat, spelt, and sorghum) and cereal products (snacks,
pasta, soup, biscuits, and flour) from four countries of the

Mediterranean region (Spain, Italy, Morocco, and Tunisia).
Samples were extracted with matrix solid-phase dispersion
(MSPD) and determined by liquid chromatography-tandem
mass spectrometry with a triple quadrupole mass analyser.
$e frequency of contaminated samples from Spain, Italy,
Tunisia, and Morocco was 33%, 52%, 96%, and 50%, re-
spectively. For legislated mycotoxins (AFs, FBs, DON, ZEN,
andOTA), the LOQs were lower than theMLs established by
the European Union (EC 401/2006) [137]. For fumonisins
(FBs), the levels ranged from <LOQ-184 μg/kg for FB1, and
from 121 to 176 μg/kg for FB2. $e maximum FB1 value
(184 μg/kg) was found in a wheat pasta sample from Tunisia,
and the maximum FB2 value (176 μg/kg) was found in a rice
grain sample from Morocco. $ese results were lower than
those obtained in other studies for maize, wheat, rice, and
barley products [138–140]. Recoveries of fortified cereal
samples at two spiked levels ranged between 68.7–89.6% and
72.6–87.6%; in addition, the relative standard deviations
varied from 3% to 14%. $ese values agree with EU criteria
[141]. In addition, all mycotoxins exhibited good linearity
over the working range (low concentration level at LOQ),
and the regression coefficient of calibration curves was
higher than 0.992 [136].

Otherwise, Lacina et al. [142] have performed different
extraction methods for the simultaneous analysis of 288
pesticides and 38 mycotoxins. In fact, three different ex-
tractions were carried out for wheat and other products:
aqueous acetonitrile extraction followed by a modified
QuEChERS method (method A), aqueous acetonitrile ex-
traction (method B), and pure acetonitrile extraction
(method C). In these extraction procedures, different eluent
modifiers were used for positive- and negative-mode ESI
measurements to obtain high sensitivity and very sharp
peaks. $en, it has been found that pure acetonitrile ex-
traction (method C) did not show acceptable recoveries
compared to QuEChERS approach and aqueous methanol
extraction that present satisfactory recoveries ranging from
70% to 120% with RSD less than 20% for most of the
analyte-matrix combinations. Despite the fact that
QuEChERS-like method led to lower LOQ and more co-
herent results, the recoveries were low especially for polar
analytes (DON 3-glucoside (DON-3-Glc), NIV, T2 tetraol)
due to the partitioning step. On the other hand, extraction
using QuEChERS approach was selected as the most suitable
procedure for the tested analytes [142].

Juan et al. [143] tested several solvent mixtures: MeCN/
MeOH (60/40, v/v), MeCN/MeOH (40/60, v/v), MeCN/
water (84/16, v/v), and MeCN/water (16/84, v/v) to extract
TRC and ZEN from grain cereal, flour, and bread. It has been
found that the highest recoveries and the lowest matrix
effects were shown with the MeCN/water (84/16, v/v)
mixture. Analytes were determined by LC-MS/MS and
relative recoveries obtained were higher than 70%. In this
line, the obtained recoveries ranged for wheat were 73–98%;
oat, 75–96%; barley, 73–99%; and spelt, 78–99%. In addition,
the precision (RSDs) of theses samples ranged for wheat was
2.4–11; oat, 2.8–13; barley, 2.8–15; and spelt, 2.4–12. As well,
a good linearity (r2> 0.992) was obtained and quantification
limits (2.5–25 ng/g) were below European Regulatory levels.
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Equally, sensitivity was high due to the low LOD and LOQ
[143].

By using gradient RP-LC with atmospheric pressure
chemical ionization triple quadrupole mass spectrometry
(LC-APCI-MS/MS), Berthiller et al. [86] developed a novel
method for the simultaneous determination of the Fusarium
mycotoxins. Nivalenol, deoxynivalenol, fusarenon-X, 3-
acetyl-deoxynivalenol, the sum of 3-acetyl-deoxynivalenol
and 15-acetyl-deoxynivalenol, diacetoxyscirpenol, HT-2
toxin, T-2 toxin, and zearalenone in maize have been de-
tected [86]. $e swift clean-up of maize samples was per-
formed with MycoSep® #226 columns, and the calibration
curves for all analytes are linear over the working range of
30–1000 μg/kg, respectively. Depending on the mycotoxin,
squared correlation coefficients (R2) were in the range of
0.994–0.999 and LOD ranged from 0.3 to 3.8 μg/kg.

Barthel et al. [144] analyzed fifty nine samples of barley
and barley products for 18 trichothecene mycotoxins by a
sensitive LC-MS/MS. After sample extract clean-up on
MycoSep®-226 columns, these authors confirmed that
LODs were ranged between 0.062–0.70 μg/kg. Furthermore,
the recovery was ranged between 75 and 104% for all my-
cotoxins with relative standard deviations (RSDs) between
2.1 and 17%. $e results complied with the requirements of
Commission Regulation (EC) 401/2006 [145].

Ren et al. [146] developed an analytical method for the
simultaneous quantification of 17 kinds of Aspergillus,
Fusarium, and Penicilliummycotoxin contaminants in foods
and feeds by ultrahigh-performance liquid chromatography
combined with ESI triple quadrupole tandem mass spec-
trometry (UPLC-MS/MS) under the multiple reaction
monitoring (MRM) mode and especially focused on the
optimization of extraction, clean-up. $e 10 positive ions
and 7 negative ions of mycotoxins were separated by gra-
dient elution with the retention time of 6.5 and 4min, re-
spectively. $e LOQ of selected analytes ranged from 0.01 to
0.70 μg·kg−1, which was lower than the criteria of EU, USA,
and other countries on the determination of the minimum
limiting level of various mycotoxins in foods including baby
foods and feed stuffs. In this way, Amézqueta et al. [147]
determined the OTA residue in cocoa beans by HPLC with
the LOQ value of 0.1 μg·kg−1. Meanwhile, Sugita-Konsihi
et al. [148] quantified the DON level using HPLC method
and achieved reasonable LOQ value (100 μg·kg−1). Papp et al.
[149] validated an analytical method for the determination
of AT B1, B2, G1, and G2 in corns, wheat, fish, peanut
products, rice, and sunflower seeds by HPLC with the LOD
range of 2–10 μg·kg−1. Ren et al. [146], also, reported high
correlation coefficients (r2> 0.99) of 17 mycotoxins which
were obtained within their respective linear ranges
(0.05–20 μg·kg−1 for 10 positive ions and 0.5–50 μg·kg−1 for 7
negative ions) and reasonable recoveries (70.6–119.0%) of
them were also demonstrated in different spiked levels.

In 2012, Soleimany et al. [87] developed and used a LC-
MS/MS method for simultaneous determination of afla-
toxins (AFB1, AFB2, AFG1, and AFG2), ochratoxin A (OTA),
zearalenone (ZEA), deoxynivalenol (DON), fumonisins (FB1
and FB2), T2, and HT2-toxin in cereals. One-step extraction
using solvent mixtures of acetonitrile : water : acetic acid (79 :

20 :1) without any clean-up was employed for extraction of
these mycotoxins from cereals. $e method exhibited good
linearity over the relevant working range, and R2 was be-
tween 0.950 for DON and 0.999 for AFB1. $ere was sig-
nificant difference among the LODs in the standard solution
and in matrices. LODs of mycotoxins standard solutions
were far lower than LODs in matrixes. $e LODs and LOQs
of standards and matrixes ranged between 0.01–20 ng/g and
0.02–40 ng/g, respectively, which are acceptable because they
were far below the European Regulations for correspondent
maximum levels of mycotoxins in foods. $e LODs were
lower than those reported by Sulyok et al. [53] and com-
parable to those reported by Ventura et al. [150]. Concerning
recovery values, the study by Soleimany et al. [87] showed a
range from 76.8% to 108.4% for all mycotoxins.$e recovery
results were better than those reported by Delmulle et al. [89]
(52.6–89.2%), Sulyok et al. [53] (75–108%), Spanjer et al.
[126] (46–115%), and Monbaliu et al. [151] (76–105%) for
relevant mycotoxins. RSD% for this procedure was lower
than 12.7% for all mycotoxins.

In another study, von Bargen et al. [99] described the
first application of isotopically labeled 13C2-moniliformin
for the analysis of moniliformin (MON) in cereals. $e use
of high-resolution mass spectrometry was described to be
a suitable alternative technique for the detection of this
compound. $e developed method is based on the use of
strong anion exchange columns for cleanup prior to
HPLC analysis. In fact, the recovery rate was equal to
75.3%, and the LOD and LOQ were 0.7 and 2.5 μg/kg,
respectively.

On the other hand, Sirhan et al. [152] established a new
method based on QuEChERS followed by LC-ESI-QTOF-
MS/MS to determine eight type-A and type-B trichothe-
cenes in cereal samples. $e recoveries of fortified cereal
samples ranged from 61.9% to 110.9%, and RSDs were
lower than the acceptable 12% in all the cases. $e sen-
sitivity was determined by estimating the limit of detection
(LOD) and limit of quantification (LOQ). Indeed, the
LODs of type-A and type-B trichothecenes were 6.1–8.3
and 12.5–18.7mg � kg, respectively.

Habler and Rychlik [95] developed a multimycotoxin
stable isotope dilution LC-MS/MS method for 14 fusarium
toxins. Linearity, intraday precision, interday precision, and
recoveries were ≥0.9982, 1–6%, 5–12%, and 79–117%, re-
spectively. Method accuracy was verified by analysing cer-
tified reference materials for deoxynivalenol, HT2-toxin,
and T2-toxin with deviations below 7%.$e recoveries range
between 86 and 109% for all analytes with RSDs below 7%
and between 79 and 117% for the matrix calibration with
maximal RSD of 17%.$e LODs range between 0.1 and 5 μg/
kg and the LOQs range between 0.2 and 15 μg/kg, except for
NIV and D3G, whose LODs and LOQs are 70 and 200 μg/kg
and 10 and 30 μg/kg, respectively.$e high LOD and LOQ of
NIV with 70 and 200 μg/kg, respectively, are due to the low
MS/MS sensitivity and are comparable with the limits re-
ported by Ediage et al. [153]. $e LODs and LOQs of the
ENNs and BEA using the method presented here reveal
2–100 times higher sensitivity than those previously reported
[154, 155].
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Some of the most common methods used for both
mycotoxin identification and quantification are summarized
in Table 1 in terms of chromatographic conditions (mobile
phase and gradient and analytical column), detection, and
quantification in each method for different cereal matrices.

4. Hidden Mycotoxins Characterization

Mycotoxin derivatives that are undetectable by conventional
analytical techniques are designated masked mycotoxins
[161, 162]. Chemical transformations that generate masked
mycotoxins are catalyzed by plant enzymes [38]. $e group
of masked mycotoxins comprises both extractable conju-
gated and bound (nonextractable) varieties. Bound myco-
toxins are covalently or noncovalently attached to polymeric
carbohydrate or protein matrices [38, 39]. Extractable
conjugated mycotoxins can be detected by appropriate
analytical methods when their structure is known and an-
alytical standards are available. Boundmycotoxins, however,
are not directly accessible and have to be unconventional
from the matrix by chemical or enzymatic treatment before
chemical analysis.

Among all modified mycotoxins, most occurrence data
exist for deoxynivalenol-3-β-d-glucopyranoside (D3G),
which was detected in naturally contaminated maize and
wheat for the first time in 2005 [163]. Cereal contamination
with D3G was reported to occur worldwide according to
surveys from the UK, [164], the Czech Republic [165], China
[166], and Canada [167]. Subsequent surveys showed in-
termittently high contaminations of D3G exceeding 1000 μg/
kg in naturally contaminated wheat [122]. D3G also has been
detected in oats and barley [122, 168].

D3G was noticed in wheat bread; nevertheless, the levels
were below the LOQ (100 μg/kg). Using a more sensitive
method, 80% of 116 flour, breakfast cereal, and snack
samples from the Czech market analyzed were found to be
contaminated with D3G at concentrations ranging from 5 to
72 μg/kg [164]. Interestingly, Sasanya et al. [169] reported
that some wheat samples contained significantly higher
values (up to 2.7 fold) of D3G compared to DON. $e
linearity (r2) of D3G was 0.914; recovery was 70.0%, while
LOQ and LOD were 1 and 0.5 1 g/kg, respectively [169]. On
the other hand, Berthiller et al. [162] reported a method
detection limit of 0.012 g/ml for D3G in purified sample
extracts, corresponding to 0.02 g/g in contaminated cereals.
Berthiller et al. [162] also estimated their LOD from the
signal intensity of their standards, based on the limited ion
suppression they observed. $e pigment LOQ and LOD
were 4.3 and 0.0005 g/kg, respectively. Good linearity for the
pigment standard curve (R2 0.999) was also observed [162].

Suman et al. [170] reported the development of a liquid
chromatography/linear ion trap mass spectrometry method
capable of determining D3G. Samples were extracted with a
mixture of methanol/water (80 : 20; v/v) and cleaned up
using immunoaffinity columns. Chromatographic separa-
tion was performed using a core-shell C18 column with an
aqueous acetic acid/methanol mixture as the mobile phase

under gradient conditions. $e method was in-house vali-
dated on a bread matrix as follows: matrix-matched linearity
(r2> 0.99) was recognized in the range of 10–200 μg/kg;
trueness expressed as recovery was close to 90%; good in-
termediate precision (overall RSD< 9%) and adequate LOD
and LOQ limits (4 and 11 μg/kg, respectively) were realized.
$e reliability of the method was finally demonstrated in
bread, cracker, biscuit, and minicake commodities, resulting
in relatively low levels of DON-3G, which were not higher
than 30 μg/kg [170].

Dall’Asta et al. [171] developed an LC-ESI-MS/MS
method for the simultaneous detection of the main fumo-
nisins and their hydrolyzed derivatives allowing for a
simplified sample preparation without previous clean-up.
$e method has a very low LOQ (10 μg/kg for FB1, 12 μg/kg
for FB2 and FB3, 70 μg/kg for HFB1, HFB2, and HFB3 in
maize flour) and a very good recovery for all the analytes.
$e sensitivity was good for all the considered analytes being
the LOD and LOQ values comparable with those from other
recently published LC-MS/MS methods, although those
methods required a sample purification and preconcentra-
tion step [88, 89, 172]. Bound fumonisins were found to be
present not only in thermally treated maize-based products
but also in mild processed or even raw products (pasta,
bread, cakes, crisps, and flour) and they were always present
in almost similar or even higher amounts than the free forms
[171]. Osborne fractions of maize proteins showed that
fumonisins were particularly bound to prolamins and glu-
telins [171].

Hu et al. [173] investigated free and hidden fumonisins
in raw maize and maize-based products from China. A total
of 58 samples were analyzed using LC-MS/MS. Among all
the samples, 66% were contaminated with free fumonisins
above limits of quantitation, and a higher percentage of 86%
was found for total fumonisins (free + hidden).$e response
functions for FB1, FB2, HFB1, and HFB2 showed that all the
R2 were greater than 0.99, suggesting good linearity. $e
LODs of FBs and HFBs were between 6 and 7 μg/kg, and the
LOQs were between 23 and 28 μg/kg [173]; these results
showed that the present method was about 4 times more
sensitive than that reported by Oliveira et al. [174]. In
comparison, by using isotope-labeled internal standards,
Bryła et al. [175] found LOQs of 22 μg/kg for HFBs, which
were similarly sensitive as the study of Hu et al. [173].

Andrade et al. [176] have validated multimycotoxin
method based on extraction with acidified acetonitrile and
LC-ESI+-MS/MS analysis. $e LOQs ranged from 0.5 to
121 μg/kg and proved to be suitable for the multimycotoxin
analysis in wheat, maize, and rice products. Bound/hidden
fumonisins were determined after extraction of the free
forms using the multimycotoxin method, followed by a basic
hydrolysis of the unextracted bound/hidden and solid-liquid
extraction with low temperature purification (SLE-LTP).
Recoveries for HFB1, HFB2. and HFB3 were evaluated in six
replicates fortified with the prepared standards at levels of
1.2, 1.8, and 2.5 g/kg, respectively. Recoveries were 75.6%
(RSD of 6.6%) for HFB1, 108.0% (RSD of 10.6%) for HFB2,
and 74.9% (RSD of 12.2%) for HFB3.
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Table 2 presents a well-detailed description of the ana-
lytical methodmentioned above for maskedmycotoxin from
cereals and related foodstuffs.

5. Conclusion

Cereals and related foodstuffs could be contaminated by
diverse toxin-producing fungal species that are linked to
severe and chronic toxic effects for both humans and ani-
mals. Consequently, many successful methods, such as LC-
MS/MS, have been identified in this area. LC-MS/MS
continues to play a central role in the determination of
mycotoxins in cereals and related foodstuffs unless a dras-
tically different approach to distinct complex mixtures is
advanced. In this context, smaller amounts of samples can be
processed faster than ever. To quantify free and masked
mycotoxins in cereals and related foodstuffs, separation
stayed as important as ever. $e great increases in sensitivity
and selectivity of LC-MS instruments have made a signifi-
cant contribution in qualitative and quantitative determi-
nation of mycotoxins in in cereals and related foodstuffs. In
this line, the increasing use of hybrid mass spectrometers,
incorporating mass analyzers that are capable of high mass
resolution and accurate mass measurements, mitigates some
of the problems associated with selectivity and identification,
but further technological development of LC-MS interfaces
is required to minimize matrix effects. However, main-
taining confidence in the assignment of identity and isobaric
interference are still the major limitations for LC-MS
methods used for the quantification and identification of
mycotoxins in cereals and related foodstuffs. Eventually,
interested chemists could keep continuing research and
contribute to develop and suggest new and advanced ana-
lytical techniques to ensure higher sensitivity and obtain
solutions to several issues related to mycotoxins.
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[12] P. Rodrigues, A. Venâncio, and N. Lima, “Mycobiota and
mycotoxins of almonds and chestnuts with special reference
to aflatoxins,” Food Research International, vol. 48, no. 1,
pp. 76–90, 2012.

[13] H. Rastegar, S. Shoeibi, H. Yazdanpanah et al., “Removal of
aflatoxin B1 by roasting with lemon juice and/or citric acid in
contaminated pistachio nuts,” Food Control, vol. 71,
pp. 279–284, 2017.

[14] A. Reyneri, “$e role of climatic condition on micotoxin
production in cereal,” Veterinary Research Communications,
vol. 30, no. 1, pp. 87–92, 2006.

[15] A. M. Khaneghah, Y. Fakhri, H. M. Gahruie, M. Niakousari,
and A. S. Sant’Ana, “Mycotoxins in cereal-based products
during 24 years (1983–2017): a global systematic review,”
Trends in Food Science & Technology, vol. 91, pp. 95–105,
2019.

[16] I. Kamika, K.-t.-N. Ngbolua, and M. Tekere, “Occurrence of
aflatoxin contamination in maize throughout the supply
chain in the democratic republic of Congo,” Food Control,
vol. 69, pp. 292–296, 2016.
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particles based on magnetic multiwalled carbon nano-
tube-nanoC18SiO2 composites for solid phase extraction
of mycotoxins prior to their determination by LC-MS,”
Microchimica Acta, vol. 183, no. 2, pp. 871–880, 2016.

[37] H. Zhao, X. Chen, C. Shen, and B. Qu, “Determination of 16
mycotoxins in vegetable oils using a QuEChERS method
combined with high-performance liquid chromatography-
tandem mass spectrometry,” Food Additives & Contami-
nants: Part A, vol. 34, no. 2, pp. 255–264, 2017.

[38] F. Berthiller, C. Crews, C. Dall’Asta et al., “Masked myco-
toxins: a review,” Molecular Nutrition & Food Research,
vol. 57, no. 1, pp. 165–186, 2013.

[39] F. Berthiller, R. Schuhmacher, G. Adam, and R. Krska,
“Formation, determination and significance of masked and
other conjugated mycotoxins,” Analytical and Bioanalytical
Chemistry, vol. 395, no. 5, pp. 1243–1252, 2009.

[40] P. Kovalsky, G. Kos, K. Nährer et al., “Co-occurrence of
regulated, masked and emerging mycotoxins and secondary
metabolites in finished feed and maize-an extensive survey,”
Toxins, vol. 8, no. 12, pp. 363–391, 2016.

[41] A. M. Khaneghah, M. H. Kamani, Y. Fakhri,
C. F. S. C. Coppa, C. A. F. de Oliveira, and A. S. Sant’Ana,
“Changes in masked forms of deoxynivalenol and their co-
occurrence with culmorin in cereal-based products: a sys-
tematic review and meta-analysis,” Food Chemistry, vol. 294,
pp. 587–596, 2019.

[42] B. Kluger, C. Bueschl, M. Lemmens et al., “Stable isotopic
labelling-assisted untargeted metabolic profiling reveals
novel conjugates of the mycotoxin deoxynivalenol in wheat,”
Analytical and Bioanalytical Chemistry, vol. 405, no. 15,
pp. 5031–5036, 2013.

[43] E. Varga, G.Wiesenberger, C. Hametner et al., “New tricks of
an old enemy: isolates of Fusarium graminearum produce a
type A trichothecene mycotoxin,” Environmental Microbi-
ology, vol. 17, no. 8, pp. 2588–2600, 2015.

[44] M. De Boevre, J. D. Di Mavungu, P. Maene et al., “Devel-
opment and validation of an LC-MS/MS method for the
simultaneous determination of deoxynivalenol, zearalenone,
T-2-toxin and some masked metabolites in different cereals
and cereal-derived food,” Food Additives & Contaminants:
Part A, vol. 29, no. 5, pp. 819–835, 2012.

[45] M. De Boevre, L. Jacxsens, C. Lachat et al., “Human exposure
to mycotoxins and their masked forms through cereal-based
foods in Belgium,” Toxicology Letters, vol. 218, no. 3,
pp. 281–292, 2013.

[46] H. Nakagawa, K. Ohmichi, S. Sakamoto et al., “Detection of a
new Fusarium masked mycotoxin in wheat grain by high-

18 Journal of Food Quality



resolution LC-Orbitrap™ MS,” Food Additives & Contami-
nants: Part A, vol. 28, no. 10, pp. 1447–1456, 2011.

[47] H. E. Ok, S.-W. Choi, H. J. Chang, M.-S. Chung, and
H. S. Chun, “Occurrence of five 8-ketotrichothecene my-
cotoxins in organically and conventionally produced cereals
collected in Korea,” Food Control, vol. 22, no. 10,
pp. 1647–1652, 2011.

[48] B. Maestroni and A. Cannavan, “Sampling strategies to
control mycotoxins,” in Determining Mycotoxins and
Mycotoxigenic Fungi in Food and Feed, pp. 3–36, Woodhead
Publishing, Cambridge, UK, 2011.

[49] A. C. Weaver, N. Adams, and A. Yiannikouris, “Invited
review: use of technology to assess and monitor multi-
mycotoxin and emerging mycotoxin challenges in feed-
stuffs,” Applied Animal Science, vol. 36, no. 1, pp. 19–25,
2020.

[50] European Union, “Commission regulation (EU) no. 519/
2014 of 16 May 2014 amending regulation (EC) no. 401/2006
as regards methods of sampling of large lots, spices and food
supplements, performance criteria for T-2, HT-2 toxin and
citrinin and screening methods of analysis,” Official Journal
of the European Union, vol. 29, no. L147, pp. 29–43, 2014.

[51] D. Garon, E. Richard, L. Sage, V. Bouchart, D. Pottier, and
P. Lebailly, “Mycoflora and multimycotoxin detection in
corn silage: experimental study,” Journal of Agricultural and
Food Chemistry, vol. 54, no. 9, pp. 3479–3484, 2006.

[52] V. M. T. Lattanzio, M. Solfrizzo, S. Powers, and A. Visconti,
“Simultaneous determination of aflatoxins, ochratoxin A and
Fusarium toxins in maize by liquid chromatography/tandem
mass spectrometry after multitoxin immunoaffinity
cleanup,” Rapid Communications in Mass Spectrometry,
vol. 21, no. 20, pp. 3253–3261, 2007.

[53] M. Sulyok, F. Berthiller, R. Krska, and R. Schuhmacher,
“Development and validation of a liquid chromatography/
tandemmass spectrometric method for the determination of
39 mycotoxins in wheat and maize,” Rapid Communications
in Mass Spectrometry, vol. 20, no. 18, pp. 2649–2659, 2006.

[54] L. Zhang, X.-W. Dou, C. Zhang, A. Logrieco, and
M.-H. Yang, “A review of current methods for analysis of
mycotoxins in herbal medicines,” Toxins, vol. 10, no. 2,
pp. 65–103, 2018.

[55] G. P. Munkvold, S. Arias, I. Taschl, and C. Gruber-Dorninger,
“Mycotoxins in corn: occurrence, impacts, and management,”
in Corn, pp. 235–287, AACC International Press, Saint Paul,
MN, USA, 2019.

[56] V. L. Pereira, J. O. Fernandes, and S. C. Cunha, “Mycotoxins
in cereals and related foodstuffs: a review on occurrence and
recent methods of analysis,” Trends in Food Science &
Technology, vol. 36, no. 2, pp. 96–136, 2014.

[57] V. Scarpino, A. Reyneri, and M. Blandino, “Development
and comparison of two multiresidue methods for the de-
termination of 17 Aspergillus and Fusarium mycotoxins in
cereals using HPLC-ESI-TQ-MS/MS,” Frontiers in Micro-
biology, vol. 10, pp. 361–371, 2019.

[58] N. W. Turner, H. Bramhmbhatt, M. Szabo-Vezse, A. Poma,
R. Coker, and S. A. Piletsky, “Analytical methods for de-
termination of mycotoxins: an update (2009–2014),” Ana-
lytica Chimica Acta, vol. 901, pp. 12–33, 2015.

[59] I. Reinholds, I. Pugajeva, E. Bogdanova, J. Jaunbergs, and
V. Bartkevics, “Recent applications of carbonaceous nano-
sorbents for the analysis of mycotoxins in food by liquid
chromatography: a short review,” World Mycotoxin Journal,
vol. 12, no. 1, pp. 31–43, 2019.

[60] J. Singh and A. Mehta, “Rapid and sensitive detection of
mycotoxins by advanced and emerging analytical methods: a
review,” Food Science & Nutrition, vol. 8, no. 5,
pp. 2183–2204, 2020.

[61] R. Colombo and A. Papetti, “Pre-concentration and analysis
of mycotoxins in food samples by capillary electrophoresis,”
Molecules, vol. 25, no. 15, pp. 3441–3459, 2020.
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In recent years, the consumption of the fresh-cut products has been increased due to the consumers’ lifestyle and awareness.
However, maintaining the quality and nutritional value of these products during storage is being difficult in comparison to whole
fruits and vegetables. In actual, the procedures used in the fresh-cut industry may intensify the deterioration caused by physical
damage by minimal processing. Commonly, the quality degradation, discolouration, loss of moisture, loss of firmness, microbial
load increase, and loss of nutrients and flavor occur in the fresh-cut product after minimal processing. To maintain the quality and
increase the shelf-life of the fresh-cut product, it is necessary to use various techniques, including physical, chemical, and
nondestructive processes. In this review, first, an introduction to minimal processing and its effect on fresh-cut product quality
was expressed, and then, the methods used to maintain fresh-cut product quality after minimal processing were reviewed. Finally,
the effect of cold plasma on the qualitative characteristics in some fresh-cut products was investigated. )e review showed that
cold plasma treatments can significantly inhibit microorganisms and extend the shelf-life of fresh-cut products. In addition, no or
minimal impacts were observed on physicochemical and organoleptic quality attributes of the treated fresh-cut products.
)erefore, the use of cold plasma is promising for the fresh-cut industry.

1. Introduction

Due to alteration in lifestyles, the consumption of the fresh-cut
product (FCP) has been increased in the last decade [1, 2].
Ready-to-eat, appealing, nutritious, and safe are the prominent
features of these products [3]. )e International Fresh-Cut
Produce Association (IFPA) defines fresh-cut products as fruits
or vegetables that have been trimmed and/or cut into a 100%
usable product which is packaged to offer consumers high
nutrition, convenience, and flavor while still maintaining
freshness [4]. FCP as a novel and attractive product has
attracted the most attention and led to the ever-growing fresh-
cut industry and need to develop a novel method to reduce the
adverse effects of the processing and maintain their fresh-cut
features [5]. )ese products are very vulnerable due to the
minimal processes used in their preparations against corruption
andmicrobial contamination. Minimal processing of fruits and
vegetables includes different processing steps such as washing,
peeling, cutting, grating or slicing, and disinfection (Figure 1),
which are used to obtain the ready-to-eat product [6].

Minimal processing by removing the natural protection
(skin) and destroying the internal compartmentalization led
them to be much more perishable than when the original
product is intact [7]. Minimal processing of the product
stimulates biochemical reactions (surface browning, softening,
and loss of texture), physiological ageing (dehydration, in-
creasing respiration rate, increasing ethylene production, and
loss of appearance), mechanical damage (dehydration and
decay), and microbial growth (spoilage and pathogens). As a
result of these reactions, the quality of the product reduced
(Figure 2), which leads to a minimal shelf-life [3]. As FCP is
highly perishable, storage in suitable packaging and cold
conditions are essential. However, packaging and cold con-
ditions were not enough to preserve FCP quality at optimum
levels during the storage period. )erefore, the appropriate
technologies, along with refrigeration, are needed. Some of the
conventional methods such as modified atmosphere packaging
(MAP) [8], edible coatings [9], and ozone [10] are used to
maintain the FCP quality to prevent biochemical and biological
complications due to physical damage. )ese techniques have
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technological and economic disadvantages. )ese methods are
primarily being used to preserve colour, texture, and delay of
senescence phenomena caused by tissue-injury reactions;
however, these methods are not able to disinfect the FCP.

)e exponential growth in demand for FCP has led
researchers to develop new nonthermal methods tomaintain
the desired fresh properties of FCP and increase shelf-life.
)erefore, there is a vital need for advanced postharvest
technology. Some of the nonthermal methods as disinfection
technologies such as UV light and ultrasound have been
applied to improve the shelf-life in FCP [11]. Nevertheless,
these methods have fundamental disadvantages in cost of
items, potential risks, and maintaining control, which limits
their practical application on a large scale.

A new alternative that has recently been developed to
improve shelf-life is cold plasma. Plasma is known as the
fourth state of matter and is produced by the induction of

energy into the gas mixture and includes the ionization of
the gas and the formation of active components such as
radicals, charged particles, and ultraviolet radiation [6]. Cold
plasma is formed by microwave (MV), radio frequency (RF),
direct current (DC), and alternating current (AC). It has
been used in a variety of setups, including dielectric barrier,
jet plasma, and corona discharges [12]. Among all the unique
features of cold plasma, the most important feature seems to
be the microbial inactivation by reactive oxygen and ni-
trogen species [13]. Researchers identified microbial de-
contamination of nonthermal plasma on the number of
fruits and vegetables [14, 15]. Also, recently inactivate en-
dogenous enzymatic activity in fresh-cut products by cold
plasma has attracted the attention of researchers [16].

)e application of cold plasma is a new pattern in the
fresh-cut industry and a novel technology to reduce
microbial load at the FCP [17, 18] (Figure 3). )erefore,
the potential use of cold plasma for the fresh-cut industry
is widespread, and it has unique potential for FCP
treatment.

)ere has been no dedicated reference on the topic of
cold plasma technologies and their potential applications for
fresh-cut produce. )is review aimed to introduce cold
plasma for preservation of fresh-cut produce. First, the cold
plasma technology for the increased shelf-life of fresh-cut
produce was present, and then the effect of cold plasma on
some quality parameters of the fresh-cut produce was
reviewed.

2. Decontamination of FCP with Cold Plasma

Cold plasma has been used for fresh-cut product decon-
tamination such as apples, melons, lettuce, and mangoes
[6, 15, 16, 19]. Among the new application cold plasma for
fresh-cut product decontamination summarized in Table 1,
Ziuzina et al. [28] showed that the use of cold plasma for 120

(a) (b) (c)

(d) (e) (f )

Figure 1: Minimal processing of fresh fruits and vegetables includes washing, peeling, and cutting.

Biochemical reactions
(1) Surface browning 
(2) So�ening
(3) Loss of texture

Physiological ageing 
(1) Dehydration
(2) Increasing respiration rate
(3) Increasing ethylene 
production
(4) Loss of appearance

Mechanical damage 
(1) Dehydration
(2) Decay

Microbial growth
(1) Spoilage
(2) Pathogens

Figure 2: Effect of minimal processing on the decay and shelf-life
of fresh fruits.
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seconds lead to reduce Salmonella, E. coli, and
L. monocytogenes to undetectable levels on cherry tomatoes.

Fresh strawberries were treated with in-package DBD
plasma system, and the results showed a 2-log decrease in
microbial load (aerobic mesophilic bacteria, yeast, and
mold) due to cold plasma treatment [29]. Niemira and Sites
[15] studied the inactivation of Escherichia coli and Sal-
monella Stanley pathogens using gliding arc cold plasma.
)e results of this study showed that these two pathogens
were inactivated using cold plasma. )e intensity of inac-
tivation of these two pathogens increased with increasing gas

flow rate. )e growth of Salmonella spp., E. coli, and Listeria
monocytogenes as spoilage microbes and pathogens has been
reported in the fresh-cut melon during storage [6]. Tappi
et al. [6] investigated the stabilization of fresh-cut melon
using cold plasma. )e results show that cold plasma is very
efficient to maintain the quality of fresh-cut melons.

)e effects of cold plasma on mango and melon with
four different pathogens were investigated by Perni et al.
[21]. )e rate of inactivation of the four pathogens was
different, but all four pathogens were inactivated after
several minutes of applying the cold plasma.

Table 1: Various cold plasma systems used for decontamination of different FCP.

FCP Cold plasma systems Salient results References
Cucumber
slice Atmospheric pressure cold

plasma, microjet
Effective inactivation was achieved on sliced fruits and vegetables

after 1st plasma treatment Wang et al. [20]Carrot slice
Pear slice
Mangos Cold atmospheric plasma

system
Cold plasma has potential in decontaminating the skins of soft

fruits such as mangoes and melons Perni et al. [21]Melons

Bananas Atmospheric pressure
pulsed cold plasma

)is study demonstrated that the cold plasma technique has the
potential to prolong the shelf-life of bananas Trivedi et al. [22]

Fresh-cut
cucumbers

Atmospheric-pressure
low-temperature plasma

)e results showed that the E. coli cell morphology was changed
due to the charged particles Sun et al. [23]

Fresh-cut
kiwifruit

Atmospheric double-
barrier discharge plasma

No significant changes in antioxidants content and antioxidant
activity were observed among treated samples and control ones. Ramazzina et al. [24]

Spinach
Nonthermal low pressure

oxygen plasma
)is study confirms that nonthermal oxygen plasma can be a new

effective method of sanitization for fresh produce Zhang et al. [25]Lettuce
Tomato
Potato
Lettuce Atmospheric pressure cold

plasma

Cold plasma represents a potential technology for disinfection of
fruits and vegetables without important changes in physical

characteristics

Bermúdez-Aguirre et al.
[26]Carrot

Carrot Microwave cold plasma )e investigations showed a possible inactivation of seven
different microorganisms with cold plasma Schnabel et al. [27]Lamb’s lettuce

Fresh-cut
apples

Dielectric barrier discharge
plasma

Promising results have been obtained regarding enzymatic
browning inhibition and a specific effect on the reduction of
polyphenol oxidase activity on the apple slices has been found

Tappi et al. [16]

Fresh-cut
melon

Direct-barrier discharge
plasma

A significant increase in microbial shelf-life was achieved
following the 15 + 15min plasma treatment Tappi et al. [6]

Reduced food
waste

Cold
plasma

Improved

quality

Delayed spoilage

Enhanced safety

Figure 3: )e influence of cold plasma on the quality and safety of FCP.
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Cold plasma significantly inactivated Salmonella Stanley
and E. coli O157:H7 (inoculated at apple surfaces), but it did
not hurt the appearance of the apple [15]. Due to the high
moisture content in the apple fruit, it has a concise shelf-life,
and to increase its shelf-life, it is necessary to use different
preservation methods. )ese results emphasize that cold
plasma as a nonthermal process can effectively destroy
human pathogens and make apple fruit healthy.

Trivedi et al. [22] studied shelf-life of bananas by cold
plasma. Bananas are one of the best tropical fruits, and about
1.4 million bananas are wasted each day due to their high
perishability. )e results showed that cold plasma can in-
crease the shelf-life of bananas by inhibiting the growth of
pathogens compared to conventional methods [22].

FCP is very highly susceptible to loss of sensory, mi-
crobial, and nutritional quality, therefore, maintaining the
quality characteristics of these products is a very significant
challenge. )us, the use of cold plasma has been proposing
to preserve and improve the quality of FCP (Table 1). Cold
plasma is a novel, nonthermal technology which has shown
good potential for FCP decontamination. However, most of
the research is largely focused on microbial inactivation
studies, with limited emphasis on quality properties. Cold
plasma processing has been shown to affect the quality at-
tributes of the FCP during treatment as well as in storage.
)erefore, in this review, we tried to investigate the effect of
cold plasma on FCP quality characteristics.

3. Effect of Cold Plasma on Quality Parameters

)e quality of fresh-cut products is a combination of pa-
rameters including appearance, texture, flavor, and nutri-
tional value [30]. Consumers judge the quality of fresh-cut
fruit and vegetables on the basis of appearance and freshness
at the time of purchase. However, subsequent purchases
depend upon the consumer’s satisfaction in terms of texture
and flavor of the product. Consumers are also interested in
the nutritional quality and safety of fresh-cut products [31].
Cold plasma is a novel technology used for decontaminating
fresh-cut produce. )is technology may facilitate the
maintenance of high-quality food products due to antimi-
crobial properties. However, due to the existence of reactive
species, cold plasma can also react with nearly all food
constituents, affecting physicochemical (for example, pH,
carbohydrate, vitamins, anthocyanin, and respiration rate)
and organoleptic (for example, taste, colour, and texture)
attributes of various fresh produce [30, 31]. )erefore, it is
important to study the effect of plasma on quality
characteristics.

3.1. Respiration Rate. )e respiration rate of fresh-cut
produce is one of the most critical factors in maintaining
quality, and one of the most common replies to the damage
is respiration. It is considered as a main index of the product
shelf-life [32]. )e rate of respiration increased after cutting
due to the energized state of all living tissues. Depending on
the degree of cutting of the product and the storage tem-
perature, the rate respiration in fresh-cut produce may vary

between 1.2 and 7.0 [2]. )erefore, after minimal processing
similar to the ripening process, the increased respiration
creates energy and carbon skeletons for the anabolic reac-
tions [33]. Cellular respiration is a set of metabolic reactions
and processes that involves the oxidation of large organic
molecules (starch, sugar, and organic acids) to smaller
products (CO2 and H2O), along with releasing the energy
(ATP and heat), and this energy is used by the cell for
synthetic reactions [34]. Respiration rate is often a good
indicator of the shelf-life of products, and as the respiration
rate increases, the shelf-life of the product decreases [35].
Also, an increased rate of ethylene production in response to
minimal processing may stimulate respiration and leads to
faster senescence and deterioration of vegetative tissues.
)erefore, the respiration rate should be reduced with ap-
propriate methods to increase the shelf-life of fresh-cut
produce. Misra et al. [34] reported the respiration rate
decrease during the storage time for the control as well as the
CP-treated tomatoes. At the end of storage period, the
respiration rates were similar for the control and CP-treated
tomatoes. )e results of Tappi et al. [16] showed that the
plasma treatment can cause an alteration of the cellular
respiratory pathway. In addition, Misra et al. [36] explored
cold plasma treatment for postharvest strawberries in
modified atmosphere packaging and indicated no significant
increase in respiration rate.

3.2. Firmness. )e maximum force required to pierce the
sample is used as a firmness indicator and consumers prefer
to buy firm fresh-cut fruits. )e textural characteristic, es-
pecially the firmness, is a critical quality parameter because it
has a significant impact on product acceptance. )e fresh
agricultural product has a firm and tender texture and ex-
periences softening of the texture during storage [37].
Firmness reduction is associated with fresh-cut product
storage and is regarded as a sign of declining quality and
deterioration [38]. Tappi et al. [16] reported that cold plasma
treatments led to an increase of firmness in fresh-cut apples.
)e amount of firmness was 18.9N for the control and
21.8N for plasma-treated samples at 15 kV for 10min
(5 + 5). )ere was no difference between the firmness of
fresh-cut melon and kiwifruit slices treated with cold plasma
and the control sample. )e highest firmness was related to
the mushroom treated with cold plasma, which indicates the
potential application of this innovative technology in in-
creasing the shelf-life and quality after mushroom harvesting
[37].

3.3. Colour Retention. Colour is a critical parameter in the
quality of food because it can affect the consumer’s decision
to buy and is probably the first quality factor that is judged
[27]. Colour plays a crucial role in food selection and is one
of themost important parameters for the consumer [31].)e
appearance of FCP is a determining agent in customer
acceptance, and it strongly affects the decision to purchase
the product [39]. After minimal processing of fresh produce,
the metabolic reactions that stimulate respiration and/or
ethylene production lead to some undesirable effects that
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affect consumer acceptability. Browning is one of the most
common adverse changes that affect the colour of the
product and thus affects the visual quality of fresh products
[39]. Enzymatic browning results from oxidation of phenolic
compounds catalysed by polyphenol oxidase (PPO) followed
by nonenzymatic formation of pigments. Cutting operation
promotes the contact between enzymes and their substrates
and leads to an immediate increase in the respiration rate
and endogenous metabolic activity [40]. )erefore, the
browning and discoloration effects are the most common
undesirable changes that affect color and consequently affect
the visual appearance of fresh-cut produces [39]. In the past,
various chemical and physical methods have been used to
control the enzymatic browning of fresh-cut fruits. )e
chemical methods used to destroy enzymes are based on the
immersion process. Organic acids are the most common
materials used for this study that is applied in combination
with calcium salts [38]. )e use of edible coatings as a carrier
of antibrowning chemical agents to prevent browning has
also been extensively investigated by researchers and several
scholars have studied the use of modified atmosphere
packaging (MAP) for controlling browning reactions [8]. In
recent years, various innovative therapies have been tested to
control browning reactions in fresh-cut fruits. Currently,
among the innovative techniques, cold plasma is used for
biological therapies. Tappi et al. [16] reported a significant
reduction in PPO activity in fresh-cut Pink Lady apples due
to cold plasma treatment. )e researchers showed that the
activity of a PPO enzyme in the treated samples was about
45% lower than the untreated sample (control). )e re-
duction of PPO activity may be due to the reaction between
enzymes and free radicals.

Table 2 shows the changes in L ∗ , a∗ , b∗ ,ΔE, and
chroma of cold plasma-treated samples. As seen in Table 2,
the effect of cold plasma on the changes of colour was
variable, which is due to the different types of fruits and
vegetables. Cold plasma may stabilize the colour in fruits
where the browning reaction occurs, and in fruits containing
carotenoids, it may reduce the colour slightly. )e accepted
mechanism for the observed loss of enzymatic functionality
upon plasma exposure is an oxidation of the side-chain
amino acids that cause an alteration of the secondary
structures of the protein operated by the reactive species.
Bermúdez-Aguirre et al. [26] reported that the destruction of
carotenoid pigments by reactive species led to significant
changes in the colour of cold plasma-treated tomatoes [26].

3.4. pH and Acidity. )ese two parameters are important to
evaluate the freshness in cut fruits and vegetables and strongly
are correlated due to the pH depending on the presence of
acidic compounds. Acid content in fresh-cut produce tends to
decrease over time, probably due to the organic acid oxidation
which occurs with fruit ripening [42]; as a consequence, a pH
increase is expected during the storage time. Any drastic
change could lead to an undesirable impact on the taste,
texture, and shelf-life of the food. However, in the case of
fresh fruits and vegetables, there are significant variations due
to differences in cultivation practices, varietal differences,

environmental parameters, etc. )e pH and acidity changes
after plasma treatment were mostly attributed to the inter-
action of plasma reactive gases with the moisture present in
the fresh-cut products [19, 27]. Oehmigen et al. [43] reported
the formation of nitric acid induced by reactive nitrogen
species such as NO as the reason for acidification in air
plasma treatments. However, many researchers also reported
no pH effect of CP treatments in food products with buffering
capacity [18, 29]. No significant changes in the acidity and pH
after CP treatment were reported in cherry tomatoes, blue-
berry, mandarins, and melon [6, 18, 22, 34].

3.5. Vitamins. )e sensitivity of vitamins to different pro-
cessing techniques is essential to preserve the nutritional
properties of the fresh-cut products [30]. While some vita-
mins, such as riboflavin (B2), pyridoxine (B6), and biotin, are
usually stable, others, such as thiamin (B1) and vitamins A, C,
and E, are relatively labile [44]. Most of the reported studies
on cold plasma treatment of food products have only focused
on vitamin C (ascorbic acid) stability. Most of the studies on
cold plasma treatment of fresh-cut products have reported no
significant reduction in ascorbic acid content after plasma
treatment. Ramazzina et al. [24], Oh et al. [45], and Song et al.
[46] reported no significant effect on ascorbic acid in kiwi-
fruit, radish sprout, and lettuce, respectively. However, up to
4% reduction in ascorbic acid content was observed after
plasma treatment of cut fruits and vegetables [22]. )e
degradation of ascorbic acid could be attributed to the re-
action with ozone and other oxidizing plasma species during
the processing. Sample type, processing time, and plasma gas
were critical factors for ascorbic acid degradation. Misra et al.
[29] reported a decrease in the ascorbic acid content of cold
plasma-treated strawberries. Both applied voltage and
treatment time were found to have a significant effect on the
ascorbic acid content. )ere was a statistically significant
difference between samples treated at 60 kV than those at
80 kV. )e reaction of ozone and other oxidizing species of
cold plasma with ascorbic acid is proposed to be the major
mode of action for the observed loss during processing. Also,
Wange et al. [20] have studied vitamin C loss of fresh fruit and
vegetable slices (cucumber, carrot, and pear slices) during
cold plasma treatment. )e vitamin C loss for the cucumber,
carrot, and pear slices was 3.6%, 3.2%, and 2.8%, respectively.
)e slight reduction in vitamin C content is most likely due to
its oxidation by the cold plasma. In addition, vitamin C is light
sensitive [47], so UV generated by plasma may also play an
important role in the vitamin C degradation.

3.6. Antioxidant Activity. Although the antioxidant activity
is not a direct quality attribute used in the fresh-cut industry,
it is a close indicator of various polyphenols, flavonoids, and
flavanols present in the fresh-cut products [30].)e reported
results on the effects of CP treatment on the phenolic
contents of the food products have a wide degree of vari-
ation. A decrease in the total phenols was reported in lamb’s
lettuce [48]. No significant effect in apples [32] but a sig-
nificant increase in blueberries [41] was also reported. No
significant changes in the antioxidant capacity after CP
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treatment was reported in radish sprouts, kiwifruits, and red
chicory [32, 45, 49].)ese studies show that the type of fresh-
cut products, plasma generation source, mode of exposure,
and treatment parameters are critical in controlling the
effects of CP on the antioxidant activity of food products.
Also, Ramazzina et al. [24] used ABTS, DPPH, and FRAP
assays to observe the effect of DBD plasma on the antiox-
idant activity and antioxidant contents of kiwifruit. )e
result showed no alteration in all the assays conducted after
the NTP treatment. Generally, plasma-ROS should have
caused oxidation of the phenolic compounds responsible for
the antioxidant activity; however, due to the counteractive
effect of the tissue response mechanisms in the kiwifruit, the
ROS-induced oxidation was impeded [24].

3.7. Sensory Properties. Consumer interest worldwide in the
quality of fresh-cut products has increased in recent years.
Product quality is a complex issue, since it includes visual
characteristics, physical properties such as texture, mineral and
vitamin contents, flavor, and other organoleptic characteristics
[50]. Appearance, flavor, and freshness of a product can play a
principal role in the consumer’s decision to purchase it and can
influence perception by other senses. However, it is very
important to remember that maturity and postharvest treat-
ments, such as cold plasma, can significantly affect the taste and
aroma quality of fresh produce [24]. Sensory parameters such
as taste, flavor, colour, and texture in cold plasma-treated
cherry tomatoes remained at an acceptable level after treatment
[51]. Similarly, Srey et al. [52] reported that cold plasma did not
cause any statistically significant change in the sensorial quality
(colour and texture).

Effects of cold plasma on some of the quality attributes
of fresh-cut products are presented in this study. Among
the quality attributes, the effect of cold plasma on colour
parameters was the most widely studied, probably because
colour is the most obvious parameter that directly in-
fluences the acceptance by consumers. Cold plasma has
been applied for the decontamination of food products, as
an alternative to washing procedures with chemicals.

Since the temperature of the product during the treatment
is very close to the ambient, this technique can be suitable
for the processing of temperature sensitive products such
as fresh-cut fruits and vegetables. Moreover, the potential
direct application of packed products seems promising
[29, 36].

4. Conclusions and Future Perspectives

Demand for FCF has risen sharply due to the growing con-
sumer concern about their own diets and the supply of high-
value fresh-cut products. However, the minimal process used
to get ready the products will intensify the procedure of rip-
ening and exposing the products to microbial contamination;
therefore, shelf-life is shortened. In recent years, some studies
have already been conducted to lessen the undesirable effects of
minimal processing on the quality of FCP.)e purpose of these
studies would be to increase the shelf-life of the product by
preserving the quality characteristics of the product. )erefore,
enhanced substitute sanitization approaches and processing
methods could be applied for making sure safeness and in-
creasing the shelf-life of FCP. Cold plasma can be an innovative
and emerging technology useful for disinfecting foodstuff
surfaces. Cold plasma positively affected the visible quality
preservation of FCP during storage. Cold plasma is promising
for extending the storage life of FCP.Generally, cold plasma is a
potential technology for treating FCP to improve their quality
and prolong their shelf-life.

However, understanding the effects of cold plasma on
the quality changes of FCP is still limited. Considering the
high oxidative action of cold plasma, its effect on the bio-
active compounds of the fresh-cut fruit tissue has to be
deeply studied in order to highlight the nature of gas plasma
effect on biochemical tissue response.

Data Availability

)e data used to support the findings of this study are
available from the corresponding author upon request.

Table 2: )e L∗ , a∗ , b∗ ,ΔE, and chroma values for various FCP after cold plasma treatment.

FCP CP treatment L∗ a∗ b∗ ΔE∆E References

Banana C 50.2± 4.4 4.9± 1.2 34.8± 3.7 — Trivedi et al. [22]PT 53.9± 3.9 5.5± 1.4 34.0± 3.0 —

Cucumber 1 C 63.78± 0.25 −6.07± 0.10 16.61± 0.10 0 Sun et al. [23]PT 63.89± 0.23 −5.98± 0.15 16.63± 0.13 0.73± 0.25

Cucumber 2 C 63.57 −6.25 20.53 0
PT 63.15 −6.17 19.76 0.67± 0.12

Carrot C 55.49 20.87 24.60 0 Wang et al. [22]PT 54.81 20.01 23.30 1.51± 0.63

Pear C 68.51 −0.55 6.69 0
PT 69.14 −0.25 7.83 1.34± 0.09

Blueberries C 48.90± 0.73 0.30± 0.02 −1.19± 0.03 — Sarangapani et al. [41]PT 43.76± 0.86 0.23± 0.06 −1.43± 0.06 —

Melon C 57.9± 4.7 20.8± 1.7 46.6± 3.1 — Tappi et al. [6]PT 54.4± 3.5 17.5± 2.7 34.0± 3.7 —
C, control; PT, plasma treatment.
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Northern Cyprus Via Mersin 10, Turkey
3Jiangxi Key Laboratory for Postharvest Technology and Nondestructive Testing of Fruits & Vegetables,
Collaborative Innovation Center of Postharvest Key Technology and Quality Safety of Fruits & Vegetables in Jiangxi Province,
College of Agronomy, Jiangxi Agricultural University, Nanchang 330045, China

Correspondence should be addressed to Chunpeng Wan; chunpengwan@jxau.edu.cn

Received 27 September 2020; Revised 26 November 2020; Accepted 26 November 2020; Published 4 December 2020

Academic Editor: giorgia liguori

Copyright © 2020 Nadire Pelin Bahadırlı et al.*is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Fresh loquat (Eriobotrya japonica Lindl.) fruits easily lose their marketability because of fungal spoilage, browning, and weight loss
after harvest. *e use of essential oils as postharvest treatment is a talented alternative to fungicides mainly because of their ability
to reduce respiration and transpiration of the fresh fruits during storage. However, the postharvest studies with the volatiles of
essential oils are limited.*e present study was conducted to determine the effectiveness of volatile essential oils of myrtle (Myrtus
communis L.) leaves for preserving the postharvest storability of loquat fruits. Test fruits of the present study were exposed to 5
different treatments, which are (i) water vapor (2min), (ii) myrtle leaves (3% w/w), (iii) myrtle leaf vapor (2min), (iv) myrtle leaf
vapor (10min), and (v) untreated control. A total of 30 compounds were isolated from the essential oil, and the three highest
amounts of compounds were determined as eucalyptol (39.38%), α-pinene (24.98%), and linalool (8.18%). Exposure to myrtle
leaves (3% w/w) and myrtle leaf vapor (2min) was also noted to provide higher efficacy for reducing the weight loss, decay
incidence, and browning index.

1. Introduction

Loquat (Eriobotrya japonica Lindl.) is a subtropical plant
which was originated from south-central China. It belongs
to the Rosaceae family [1] and widely adapted to many
regions of the world, including South Africa, the United
States of America, Asia, and Mediterranean countries [2].
Loquat fruits are nutritious and have high amount of diverse
phytochemicals [3]. Loquat fruits have also been reported as
delicious fruits, which are highly appreciated by consumers
and have been used for many purposes, including fresh
consumption, syrups, jams, juices, and wines [2]. Loquat
fruits also have a long history in traditional Chinese med-
icine [4]. One of the main disadvantages of loquat fruits for

marketing is the short storability of the fruits due to en-
zymatic browning, weight loss, and pathogenic decay [5].
Weight loss and pathogenic decay were reported to be
controlled by storing the fruits at low temperatures (5 to
7°C). However, low temperatures are known to adversely
affect fruit quality due to chilling injury [6]. *e main
symptoms of chilling injury at the loquat fruits are the
internal and external browning together with increased fruit
firmness and reduced juice content. Heat treatment [7] and
application of edible coatings [8–10] have been reported to
reduce fruit browning.

Postharvest pathogens are the other important factors
reducing the marketability of loquat fruits. Over the last 70
years, fungicides and other agrochemicals have been the
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main methods for controlling postharvest pathogens.
However, the acceptability of agrochemicals has been de-
creasing since the beginning of the 20th century, due to the
confirmation of their possible adverse effects on human
health and the environment [11]. *erefore, alternatives to
the agrochemicals have been the subject of current studies,
which mainly focus on the use of biomaterials [12]. *e use
of plant-derived biomaterials in postharvest handling of
fruits had great interest since the 20th century, mainly be-
cause of their high acceptability by the consumers due to
their extended threshold for toxicity [13]. *e plant extracts
[14–18], essential oils [19–21], and edible coatings and/or
films [22–24] have been reported to have high potential for
improving the postharvest storability of fresh fruits and
vegetables and controlling postharvest pathogens.

*e mode of action of the plant-derived biomaterials is
mainly a result of the semipermeable barrier for water vapor,
oxygen, and carbon dioxide which help to reduce transpi-
ration and respiration. Biomaterials also include diverse
phytochemicals which are known to activate some enzymes
(ascorbate peroxidise-APX, catalase-CAT, and superoxide
dismutase-SOD) and/or deactivate some others (poly-
phenoloxidase-PPO and peroxidise-POD), which help for
preserving postharvest fruit quality and/or controlling fruit
pathogens [17, 25]. Essential oils (EOs), with their diverse
phytochemical compounds and biologically active charac-
teristics, have high potential for preserving postharvest fruit
quality [26–28]. Another advantage of the EOs is their ability
to be applied as vapors [29]. Myrtle (Myrtus communis L.)
plants grow wildly in the Mediterranean basin and are an
important element in the maquis [30]. *e essential oils of
myrtle leaves are reported to be used in the perfume and
flavor industry and have high antimicrobial activity [31].
Several studies have been performed about the chemical
composition of the essential oils of myrtle leaves [31–34];
however, the postharvest studies with the EOs of myrtle
leaves are limited. *erefore, this study was conducted to
investigate the effectiveness of volatile essential oils of myrtle
(M. communis L.) leaves for preserving the postharvest
storability of loquat fruits. Parallel to the postharvest studies,
the essential oils of the myrtle leaves of the present study
were also determined.

2. Materials and Methods

2.1. Materials. Loquat fruits Eriobotrya japonica cv. “Mor-
phitiki” of the present study were hand-collected at horti-
cultural maturity (27 April 2020) based on skin color (fully
yellow-orange) from a commercial plantation located in
Yayla village in Northern Cyprus.*e SSC: TA was also used
to determine horticultural maturity. *e SSC was between
11.00% and 12.00%, whereas the TA was between 0.95 g
100 g−1 and 1.05 g 100 g−1 [10]. Fruits were then immediately
transferred to the laboratory and were selected to ensure
homogeneous size and color and to eliminate any damaged
fruits. At the same time, leaves of myrtle (Myrtus communis
L.) were collected from the same village, about 400m away
from the loquat plantation. In the experiments, the young
leaves of myrtle are used because their balsamic time (June)

is very near and the old ones are eliminated. *e use of the
old leaves can be quite dangerous because normally they
contain some specific pathogens which may aggravate the
decay of the treated fruits.

2.2. Experimental Methodologies. *e experimental studies
were planned to continue for 42 days and quality parameters
to be measured within a 7-day interval (7, 14, 21, 28, 35, and
42). For each measurement point, 3 replications with 10
fruits in each were assigned.*erefore, totally 180 fruits (6 ∗
3 ∗ 10) were designed for each treatment. After selection,
fruits were randomly divided into 5 groups (# of treatments)
of 180 fruits in each group. *ese groups were then treated
with one of the following treatments: (i) water vapor (2min),
(ii) myrtle leaves (3% w/w of total weight of fruits), (iii)
myrtle leaf vapor (2min), (iv) myrtle leaf vapor (10min), and
(v) untreated control. Fruits were all dipped in distilled water
for 1min duration and air dried for 30min before exposing
to the treatments explained below. Detailed explanation for
the treatments is given in Table 1.

After exposing to the abovementioned treatments and
packaging, all fruit trays were transferred to the storage
conditions of 4± 1°C and 95% relative humidity. Studies
were continued for 42 days, and a total of 3 trays from each
group were taken out from cold rooms with 7-d intervals (7,
14, 21, 28, 35, and 42 d) to measure the quality character-
istics. Study duration and measurement points were de-
termined according to the several previous studies which
used 5/7-day intervals for 35–40 d storage durations [7, 35].

2.3. Data Collection. Weight loss, decay incidence (DI),
browning index (BI), fruit firmness, soluble solids con-
centration (SSC), and titratable acidity (TA) were all mea-
sured according to the following methods. Weight loss (%)
was determined by subtracting the final weight from the
initial weight and dividing the solution to the initial weight
and multiplying with 100. Initial and final weights of the
fruits were all measured with a digital scale (±0.01 g). DI of
the fruits was assessed by using the four-point scale formula
[36]. To do so, all fruits were individually graded from 0 to 3
where 0 means no decay, 1 represents slight decay (≤25%), 2
equals moderate decay (25%< 50%), and 3 means severe
decay (>50%). *e following formula was then used to
calculate the DI. DI� {[(1×N1) + (2×N2) + (3×N3)]× 100/
(3×N)}. Here, N equals to the total number of fruits where
Nx represents the number of fruits with “x” score of decay
severity.

*e BI was used to measure the chilling severity of the
fruits. *e 0–4 scale of Rui et al. [37] was used to determine
BI. In this scale, 0 equals no browning, 1 represents slight
browning (less than <5%), 2 means moderate browning
(5–25%), 3 represents moderately severe browning
(25–50%), and 4 equals to severe browning (>50%). Scoring
of the fruits was performed after 1 additional day at 20°C.
Next, the following formula was used to calculate BI. BI
index� {􏽐[(BI scale)× (number of fruit at that BI)]}/
(4× total number of fruit in each treatment). *e limit of
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acceptability (marketability) of the fruits was defined as a BI
index of 0.4 according to Ghasemnezhad et al. [8].

A hand penetrometer with a 5mm-diameter probe was
used at a speed of 1mm s−1 to measure the fruit firmness (kg
cm−2). *en, SSC of each loquat fruits was assessed by using
a hand refractometer. Weight loss, fruit firmness, decay
incidence, browning index, and SSC were measured for 30
individual fruits for each treatment. Finally, TA of loquat
fruits was assessed according to the method of AOAC [38] as
g/100 g of malic acid. For TA determination, a mixture of the
juice of 10 fruits belonging to the same replication of same
treatment was used. *us, a total of 3 replications were used
for each treatment.

2.4. Isolation and Analyses of Essential Oil. *e steam dis-
tillationmethod (by usingClevenger-type apparatus (European
Pharmacopeia)) was used to separate volatile essential oils from
the plant leaves, and the oil was kept at amber vials at +4°C until
analysis. Essential oil components were analysedwith aGC-MS
(Gas Chromatography-Mass Spectrometry) device, *ermo
Scientific ISQ Single Quadrupole. 5µl of essential oil was di-
luted in 2ml cyclohexane.*e columnmodel was TG-WaxMS
(5% Phenyl Polysilphenylene-siloxane, 0.25mm inner diam-
eter ∗ 60m length, and 0.25µm film thickness).*e ionization
energy was calibrated as 70 eV, and the mass interval was m/z
1.2–1200 amu. *e scan mode was used as the screening more
in data collection.*eMS transfer line temperature was 250°C,
MS ionization temperature was 220°C, and column tempera-
ture was 50°C at the beginning; then, it was increased up to
220°C with 3°Cmin−1 rate of temperature increase. *e
structure of each component was defined by using mass
spectrums (Wiley 9) with Xcalibur software. Retention indices
were determined using retention times of n-alkanes (C8–C40)
that were injected after theM. communis essential oil under the
same chromatic conditions.

2.5. Data Analysis. Raw data of the experiments were
subjected to the analysis of variance (ANOVA) by using
SPSS 22.0 software. Comparison of the means of different

treatments was assessed by Tukey’s HSD test at P � 0.05.
Microsoft excel was then used to prepare figures from the
means and standard deviations.

3. Results

3.1. Chemical Composition of the Volatile Essential Oils.
Volatile essential oil of myrtle leaves was determined to consist
of 30 different compounds. *e three most abundant com-
pounds were determined as eucalyptol (39.38%), α-pinene
(24.98%), and linalool (8.18%). *e full list of the chemical
compounds is given in Table 2. Eucalyptol is a colorless or-
ganic liquid compound, a cyclic ether, and a monoterpene.
α-Pinene is a colorless terpenoid and liquid plant metabolite,
which is substituted by methyl groups at 3 positions. Linalool
is also amonoterpenoid, which is substituted bymethyl groups
at 2 positions and a hydroxy group at 1 position. Moreover,
α-terpineol and limonene was found to have 6.94% and 6.16%
in the essential oil of myrtle leaves.

3.2. Weight Loss and Fruit Firmness. Results of the present
study showed that, as expected, the weight loss of the loquat
fruits increased during the storage (Table 3.). Two (myrtle
leaf (3% w/w) and myrtle leaf vapor (2min)) of the four test
applications were found to be highly effective in preventing
the weight loss during storage (Figure 1(a).). Water vapor,
which was tested as the second control of the present study
was found to have slight influence on the weight loss pre-
vention, but it was not statistically significant. Besides that,
myrtle leaf vapor (10min) application was also ineffective in
preventing the weight loss, as compared with the myrtle leaf
vapor (2min). *ese results suggest that the increase in the
exposing duration to themyrtle leaf vapor causes a reduction
in the effectiveness of the application. At the end of the 42
days of storage, the minimum weight loss was noted from
the myrtle leaf (3% w/w) treatment as 17.60% and was
followed by the myrtle leaf vapor (2min) treatment with
18.05%. No significant difference was noted between these
two treatments. Moreover, the highest weight loss was
observed from the control treatment with 23.20%.

Table 1: Detailed explanations of the treatments.

Treatments Explanation

Water vapor (2min)

Firstly, 20 L of water was boiled in a stainless steel cap. *en, a checkered wire (with 1 cm2 sieve) was put over the
cap. Hereafter, loquat fruits were lined up in a single row on the wire and waited for 2min.*e fruits were than air
dried for 1 h and transferred to small PET trays (16.5 ∗ 8.5 ∗ 3.5 cm) with a volume of 490.8mL. Ten fruits were
placed in each tray, and the upper part was covered with a linear low-density polyethylene (LLDPE) stretch film

with 10 micron thickness

Myrtle leaves (3% w/w)
Ten loquat fruits (equalling to 1 replication) were placed in small PET trays (described above) with myrtle leaves
(3% w/w), and the upper part was covered with an LLDPE stretch film. *e fruits were kept together with the

myrtle leaves until the end of the planned storage durations

Myrtle leaf vapor
(2min)

Similar to the water vapor treatment, 20 L of water was boiled in a stainless steel cap. *en, 200 g of fresh myrtle
leaves were added into boiling water and boiled for 5 minutes.*en, loquat fruits were lined up in a single row on
the wire and waited for 2min. Hereafter, the same procedure was followed for drying and packing of the fruits.

Myrtle leaf vapor
(10min)

*is treatment is the same as that described above, “myrtle leaf vapor (2min)” treatment, whereas the exposing
duration of the loquat fruits to the myrtle leaf vapor is 10min, instead of 2min

Untreated control Fruits of this treatment (untreated control) were dried for additional 30min to make it equal with the
abovedescribed treatments. No any other applications have been performed to these fruits
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Firmness of the loquat fruits showed a slightly different
tendency during storage as compared with the other quality
parameters (Table 3.). In the first weeks of storage, a slight

decrease was noted in the fruit firmness, and then, it in-
creased continuously corresponding to the decline of fruit
weight and increase in BI. Fruit firmness was significantly
lower at the fruits treated with myrtle leaf vapor (2min) and
myrtle leaf vapor (10min) as compared with the untreated
control fruits (Figure 1(b).). However, this was higher than
the initial fruit firmness. *e initial firmness of loquat fruits
in present study was 0.42 kg cm−2 and was found to increase
until 0.72 kg cm−2 at the untreated control fruits after 42
days of storage. During this period of cold storage, the
application of myrtle leaf vapor (2min) and myrtle leaf
vapor (10min) was observed to keep fruit firmness at lower
degrees, 0.52 kg cm−2 and 0.55 kgcm−2, respectively.

3.3. Decay Incidence and Browning Index. As expected, DI
(%) and BI were observed to have an increasing trend during
cold storage. However, the decay incidence was not sig-
nificant from the harvest date until the 28th day of storage
(Table 3.). Similar with the results of weight loss, the myrtle
leaf (3% w/w) and myrtle leaf vapor (2min) treatments were
found to be effective in preventing the DI (Figure 2(a)). At
the end of the storage (42 days of storage), the minimum DI
was observed from the myrtle leaf (3% w/w) treatment with
50%. Although it was effective in reducing the DI, this was
not acceptable for marketing. *erefore, it can be concluded
from the results that the loquat fruits can be stored for 35
days in cold rooms, with the application of either myrtle leaf
(3% w/w) or myrtle leaf vapor (2min).

*e results about BI were slightly similar with the effects
on the weight loss and DI. However, it was noted that the
myrtle leaf vapor (2min) application has higher influence
than the myrtle leaf (3% w/w) (Figure 2(b).). In addition to
that, myrtle leaf vapor (10min) application was also suc-
cessful in preventing the BI. At the end of the storage period
(42 days), the lowest browning index was noted from the
myrtle leaf vapor (2min) application with a score of 0.225
and was followed by the myrtle leaf (3% w/w) andmyrtle leaf
vapor (10min), with BI scores of 0.392 and 0.408, respec-
tively. At that time, the BI was observed as 0.708 at the
untreated control fruits.

3.4. Soluble Solids Concentration and Titratable Acidity.
In present study, the fruit SSC and TA were observed to have
a decreasing trend during the first 21 days of cold storage,
and then, the trend was changed to reverse (Table 3.). *e
initial SSC was 11.52% and was noted to increase up to
12.91% at the untreated control fruits in 42 days of storage.
Results suggested that the all applications have a significant
influence on the SSC, and the lowest SSC (12.52%) was
measured from the fruits treated with myrtle leaf vapor
(2min) (Figure 3(a)). A similar trend was observed for the
TA. *e initial TA content was 0.98 g 100ml−1 malic acid.
*e TA of the untreated control fruits decreased to 0.55 g
100ml−1 malic acid in 21 days of storage, and then, it showed
an increasing trend. *e final TA content of the untreated
control fruits was 1.51 g 100ml−1 malic acid. Results sug-
gested that all treatments have significant effect on TA.*us,

Table 3: Effects of cold storage on the different quality attributes
(average of five different treatments) of loquat fruits during 42 days
of storage.

Storage
duration

WL
(%) DI (%) BI Firmness SSC TA

At harvest 0.00 g 0.00 c 0.00 d 0.42 e 11.52 c 0.98
c

7 days 1.60 f 0.00 c 0.03 d 0.39 f 10.39 e 0.76
e

14 days 4.50 e 2.89 c 0.19 c 0.43 e 9.82 f 0.66 f

21 days 8.66 d 6.22 c 0.28
bc 0.47 d 10.99 e 0.59 f

28 days 11.88 c 10.22 c 0.31
bc 0.51 c 11.27

cd
0.89
d

35 days 14.96 b 48.67 b 0.39
ab 0.57 b 12.08 b 1.12

b

42 days 20.60 a 83.56 a 0.45 a 0.61 a 12.73 a 1.42
a

Means of quality attributes in the same columnwith the same letters showed
no significant differences according to Tukey’s HSD test at P≤ 0.05.

Table 2: Chemical compositions of the volatile essential oils (%) of
myrtle leaves.

RI∗ Compound name Percentages (%)
1035 α-Pinene 24.98
1135 β-Pinene 0.18
1163 Isobutylisobutyrate 0.28
1206 Limonene 6.16
1246 Sabinene Trace
1255 β-Pinene Trace
1281 Eucalyptol (1.8-cineol) 39.38
1303 p-Cymene 0.81
1535 Linalool 8.18
1605 Linalylacetate 1.96
1614 Elemene Trace
1668 Caryophyllene 0.70
1673 Terpinen-4-ol 0.34
1688 Caryophyllene Trace
1704 Isopinocarveol 0.14
1721 Estragole 0.40
1725 Humulene 0.29
1734 α-Terpineol 6.94
1738 trans-Caryophyllene 0.04
1743 α-Terpinylacetate 4.68
1745 Myrtenylacetate 0.99
1761 Geranylacetate 1.90
1768 Nerol Trace
1778 Myrtenol 0.64
1796 trans-Carveol Trace
1813 trans-Caryophyllene Trace
1895 D-verbenone Trace
2025 Methyleugenol 0.26
2085 Caryophyllene oxide 0.27
2090 Junipene 0.05
∗Retention indices were calculated according to n-alkanes retention times
and samples retention times.
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the minimum TA content (1.32 g 100ml−1 malic acid) was
measured from the myrtle leaf vapor (2min) (Figure 3(b)).

4. Discussion

Novel results of the current work suggested that exposing
loquat fruits to the volatile essential oils of myrtle leaves,
either by packing together in a concentration of 3% w/w or

exposing to the myrtle leaf vapor for 2min, improves the
postharvest storability of fruits. Overall results about the
quality parameters of untreated control fruits are in ac-
cordance with the findings of Song et al. [9]. *e dominant
chemical compounds of the volatile essential oils were found
to be te eucalyptol, α-pinene, and linalool for the myrtle
leaves in the present study. Similarly, eucalyptol and α-pi-
nene compounds were noted to be the two most dominant
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Figure 1: Effects of volatile essential oils of myrtle leaves on the (a) weight loss and (b) fruit firmness of loquat fruits during 42 days of
storage. Different lowercase letter denote significant differences among different treatments for the same sampling time, and different capital
letter denotes significant differences among different sampling times for the same treatment, according to Tukey’s HSD test at P≤ 0.05.
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compounds of the essential oils extracted fromM. communis
L. leaves [33, 34]. Myszka et al. [34] reported 24 different
chemical compounds from the essential oils of myrtle leaves,
where 18 of them were similar to those of the current work.
*ere is not much study about the effects of myrtle essential
oils on the fruit weight, but similar results were noted for

different essential oils including similar compounds in their
chemical structures [15, 17, 19, 21, 24].

*ese terpenes were previously noted to have high
bioactivity against several food spoilage microorganisms and
pathogens [34, 39, 40]. *e mechanism was reported be
mainly disruption of the membrane functions by damaging
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Figure 2: Effects of volatile essential oils of myrtle leaves on the (a) decay incidence and (b) browning index of loquat fruits during 42 days of
storage. Different lowercase letters denote significant differences among different treatments for the same sampling time; and different
capital letters denote significant differences among different sampling times for the same treatment, according to Tukey’s HSD test at
P< 0.05.
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the cell wall and membrane structures [39]. *e two most
important functions were noted to be electron transfer or
enzyme activity. *erefore, the high influence of the myrtle
leaf and myrtle leaf vapor on the prevention of the decay
incidence in the present study can be attributed to the high
eucalyptol and α-pinene contents in the volatile essential oils

of myrtle leaves. Similar effects were previously noted for the
essential oils of myrtle leaves on the Salmonella typhimurium
[41], Gram-positive and Gram-negative bacteria [42], and
Cryptococcus neoformans (yeast) [43]. In the study of Fadil
et al. [41], it is was noted that a mixture of?ymus vulgaris L.
(55%) andM. communis L. (45%) essential oils provides high
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Figure 3: Effects of volatile essential oils of myrtle leaves on the (a) soluble solids concentration and (b) titratable acidity of loquat fruits
during 42 days of storage. Different lowercase letters denote significant differences among different treatments for the same sampling time,
and different capital letters denote significant differences among different sampling times for the same treatment, according to Tukey’s HSD
test at P< 0.05.
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antibacterial activity against Salmonella typhimurium. In
another study carried out in Algeria, is was found that theM.
communis L. essential oil has strong antifungal activity
against Cryptococcus neoformans (yeast) and Epi-
dermophyton floccosum, Microsporum canis, and Tricho-
phyton rubrum (dermatophytes) [43]. Current results of this
study also reveal the traditional use of the Myrtle plants as a
disinfectant in Greece [44]. In a most similar study, the
essential oil vapors of M. communis L. were tested against
Penicillium digitatum in in vitro conditions, and the results
showed that it elapsed time between the fungal inoculum
and vapor contact [45]. However, in the mentioned study,
the essential oils of M. communis L. leaves were noted to
have lower efficacy than those of Rosmarinus officinalis
L. *e volatile essential oil of myrtle leaves was also tested in
vitro against two stored-product insects, Tribolium confusum
and Callosobruchus maculates, and the results of this re-
search showed that the volatile essential oils of myrtle leaves
might be used as a potential biocontrol agent these insects
[46].

Fruit browning, in conjunction with chilling injury, is
among the most important postharvest problems of loquat
fruits [47]. Current work demonstrated that exposing fruits
to the volatile essential oils of myrtle leaves either by packing
together or exposing to leaf vapor is an effective method for
reducing the fruit browning. Several studies suggested that
the application of different hormones or chemicals, i.e.,
methyl jasmonate, salicylic acid, and 1-methylcyclopropene,
was effective in reducing the browning index of loquat fruit
[5, 48].

In agreement with the weight loss results, the results of
the present study showed that the volatile essential oils of
myrtle leaves are effective in preventing the changes in the
fruit firmness. According to Song et al. [35], firmness of
loquat fruits increases during storage, together with the
lignin contents, and those are the typical symptoms of fruit
browning. *e main cause of the increase in fruit firmness
was also attributed to the cell expansion and secondary
lignification in cell wall [48]. *us, the increase in lignin
content causes a rigidity characteristic at the cell wall, which
then causes an increase in fruit firmness [49]. *erefore,
contrary to many of the fruits, increase in fruit firmness is
not a desirable characteristic for the loquat fruits which has
less extractable juice [50]. No measurement has been per-
formed in the current work about the lignin content of the
loquat fruits, but results showed that the essential oils of
myrtle leaf provide favorable conditions for preventing the
increase in fruit firmness. Furthermore, results of the present
study showed that the volatiles of myrtle leaf have a slight
influence on the SSC and TA contents of loquat fruits during
storage. In a similar work, myrtle leaf oil application was
noted to display similar effects on the SSC of strawberry
fruits during storage [51].

5. Conclusions

To sum up, results of the current work suggested that the
diverse composition of the volatile essential oils of myrtle
leaf makes it a suitable agent for postharvest handling.

Among the described 30 chemical compounds, eucalyptol,
α-pinene, and linalool were found to be the most abundant
compounds. Results also demonstrated that packaging of
loquat fruits with myrtle leaves (3% w/w) or exposing them
to the myrtle leaf vapor (2min) provide higher efficacy for
the reduction of weight loss, prevention of decay incidence,
and reducing the fruit browning. Overall, results suggested
that the fresh loquat fruits can be stored for 35 days at 4± 1°C
and 95% relative humidity by exposing to myrtle leaves (3%
w/w) and myrtle leaf vapor (2min). *us, the current study
would be a preliminary study to investigate the effects of
volatile essential oils of myrtle leaf on fruit quality and
pathogenic mechanisms, and the results would guide further
studies with different fruits.
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