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Figure 1. From left to right, a 7-day-old colony of P. fimorum control (A), 1% acetic acid (B), micro-chitosan treatment (C) and

nano-chitosan treatment at 2000 ppm (D).
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Figure 2. (A) uninfected apple fruits coated with chitosan,

(B) infected apple fruits un-coated with chitosan (control).
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Table 3. The effect of chitosan on the severity of infection of apple fruits with P. fimorum.
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Abstract

Al-Ahmad, M.M., M.A. Fayyadh and L.A. Al-Saad. 2024. The Effect of Chitosan on the Infection of Apple Fruits
with Penicillium fimorum and on the Inhibition of Ochratoxin A Production. Arab Journal of Plant Protection, 42(3):
396-402. https://doi.org/10.22268/AJPP-001261

This study was conducted to test the ability of chitosan micro- and nano-chitosan to inhibit the growth of P. fimorum and its production
of Ochratoxin A, and to protect apple fruits from infection. The results obtained showed that the micro- and nano-chitosan inhibited the growth
of P. fimorum by 32.33 and 57.91%, respectively. The chitosan treatment reduced the ability of P. fimorum to produce ochratoxin A to 69.16
and 71.14% with micro- and nano-chitosan, respectively. In addition, the concentration of Ochratoxin A decreased in apple fruits (red, yellow,
and green) from 121.50, 115.80, and 105.60 ng/g in the control treatment to 53.93, 52.60, and 0.00 ng/g in the micro-chitosan treatment, and
to 0.00, 0.00 and 35.10 ng/g in nano-chitosan treatment, respectively.
Keywords: Ochratoxin A, P. fimorum, apple fruits, chitosan.

Affiliation of authors: M. M. Al-Ahmed'*, M.A. Fayyadh' and W.A. Al-Saad?. (1) Department of Plant Protection, College of Agriculture,

Basrah University, Iraq; (2) Department of Intelligent Medical Systems, College of Computer Science and Information
Technology, University of Basrah, Irag. “Email address of the corresponding author: manar.m.abbas@gmail.com

References

Abdel-Rahman, F.A., G.A. Monir, M.S.S. Hassan, Y.
Ahmed, M.H. Refaat, I.A. Ismail and H.A.S. EI-
Garhy. 2021. Exogenously applied chitosan and
chitosan nanoparticles improved apple fruit resistance
to blue mold, upregulated defense-related genes
expression, and maintained fruit quality. Horticulturae,
7(8):224-257.
https://doi.org/10.3390/horticulturae7080224

Al-Hazmi, N.A. 2010. Determination of Patulin and
Ochratoxin A using HPLC in apple juice samples in
Saudi Arabia. Saudi Journal of Biological Sciences,
17(4):353-359.
https://doi.org/10.1016/j.sjbs.2010.06.006

Aparicio-Garcia, P.F., R.l. Ventura-Aguilar, J.C. Del
Rio-Garcia, M. Hernandez-Lépez, D. Guillén-
Sanchez, D.A. Salazar-Pifia, M. de L. Ramos-
Garcia and S. Bautista-Bafios. 2021. Edible
chitosan/propolis coatings and their effect on ripening,
development of aspergillus flavus, and sensory quality
in fig fruit, during controlled storage. Plants,
10(1):112. https://doi.org/10.3390/plants10010112

Aranaz, I., A.R. Alcantara, M.C. Civera, C. Arias, B.
Elorza, A.H. Caballero and N. Acosta. 2021.
Chitosan: An overview of its properties and
applications. Polymers 13(19):3256.
https://doi.org/10.3390/polym13193256

Assis, O.B.G. 2008. The effect of Chitosan as a fungistatic
agent on cut apples. Revista Iberoamericana de
Tecnologia Postcosecha, 9(2):148-15.

Betchem, G., N.A.N. Johnson and Y. Wang. 2019. The
application of chitosan in the control of post-harvest
diseases: a review. Journal of Plant Diseases and
Protection, 126(6):495-507 .
https://doi.org/10.1007/s41348-019-00248-2

Chen, J.L. and Y. Zhao. 2012. Effect of molecular weight,
acid, and plasticizer on the physicochemical and
antibacterial properties of B-Chitosan based films.
Journal of Food Science 77(5):E127-E136.
https://doi.org/10.1111/j.1750-3841.2012.02686.x

Chien, P.-J., F. Sheu and F.-H. Yang. 2007. Effects of
edible chitosan coating on quality and shelf life of

401 Arab J. Pl. Prot. Vol. 42, No. 3 (2024)

sliced mango fruit. Journal of Food Engineering,
78(1):225-229.
https://doi.org/10.1016/j.jfoodeng.2005.09.022

Cota-Arriola, O., M.O. Cortez-Rocha, E.C. Rosas-
Burgos, A. Burgos-Hernandez, Y.L. Lopez-Franco
and M. Plascencia-Jatomea. 2011. Antifungal effect
of chitosan on the growth of Aspergillus parasiticus
and production of aflatoxin B1. Polymer International,
60(6):937-944. https://doi.org/10.1002/pi.3054

Cuero, R.G., G. Osuji and A. Washington. 1991. N-
carboxymethylchitosan inhibition of aflatoxin
production: Role of zinc. Biotechnology Letters,
13(6):441-444. https://doi.org/10.1007/BF01030998

Darolt, J.C., A.C. da. Rocha Neto and R.M. Di Piero.
2016. Effects of the protective, curative, and
eradicative applications of chitosan against Penicillium
expansum in  apples. Brazilian Journal of
Microbiology, 47(4):1014-1019.
https://doi.org/10.1016/j.bjm.2016.07.007

Droby, S., M. Wisniewski and N. Benkeblia. 2011.
Postharvest pathology of tropical and subtropical fruit
and strategies for decay control. Pp. 194-224e. In;
Woodhead Publishing Series in Food Science,
Technology and Nutrition, Postharvest Biology and
Technology of Tropical and Subtropical Fruits. M.Y.
Elhadi (ed.). Woodhead Publishing, Elsevier, UK.
https://doi.org/10.1533/9780857093622.194

Fang, SW., C.F. Li and D.Y.C. Shih. 1994. Antifungal
activity of chitosan and its preservative effect on low-
sugar candied kumquat. Journal of Food Protection,
57(2):136-140.
https://doi.org/10.4315/0362-028X-57.2.136

Gardesh, A.S.K,, F. Badii, M. Hashemi, A.Y. Ardakani,
N. Maftoonazad and A.M. Gorji. 2016. Effect of
nanochitosan based coating on climacteric behavior
and postharvest shelf-life extension of apple cv. Golab
Kohanz. LWT, 70:33-40.
https://doi.org/10.1016/j.lwt.2016.02.002

Hadwiger, L.A. 2013. Multiple effects of chitosan on plant
systems: Solid science or hype. Plant Science, 208: 42-
49. https://doi.org/10.1016/j.plantsci.2013.03.007



https://doi.org/10.22268/AJPP-001261
https://doi.org/10.3390/horticulturae7080224
https://doi.org/10.1016/j.sjbs.2010.06.006
https://doi.org/10.3390/plants10010112
https://doi.org/10.3390/polym13193256
https://doi.org/10.1007/s41348-019-00248-2
https://doi.org/10.1111/j.1750-3841.2012.02686.x
https://doi.org/10.1016/j.jfoodeng.2005.09.022
https://doi.org/10.1002/pi.3054
https://doi.org/10.1007/BF01030998
https://doi.org/10.1016/j.bjm.2016.07.007
https://doi.org/10.1533/9780857093622.194
https://doi.org/10.4315/0362-028X-57.2.136
https://doi.org/10.1016/j.lwt.2016.02.002
https://doi.org/10.1016/j.plantsci.2013.03.007

Hamaker, J.W. and J.M. Thompson. 1972. Adsorption.
Pp. 49-143. In: Organic Chemicals in the Soil
Environment. C.A.l. Goring and J.W. Hamaker (eds.).
Marcel Dekker Publishers, New York, USA.

Katiyar, D., A. Hemantaranjan and B. Singh. 2015.
Chitosan as a promising natural compound to enhance
potential physiological responses in plant: a review.
Indian Journal of Plant Physiology, 20:1-9.
https://doi.org/10.1007/s40502-015-0139-6

Kerch, G. 2015. Chitosan films and coatings prevent losses
of fresh fruit nutritional quality: A review. Trends in
Food Science and Technology, 46(2):159-166.
https://doi.org/10.1016/j.tifs.2015.10.010

Kurtbay, M.H., Z. Bekgi, M. Merdivan and K. Yurdakog.
2008. Reduction of ochratoxin A levels in red wine by
bentonite, modified bentonites, and chitosan. Journal
of Agricultural and Food Chemistry, 56(7):2541-2545.
https://doi.org/10.1021/jf073419i

Li, M., C. Chen, X. Xia, B. Garba, L. Shang and Y. Wang.
2020. Proteomic analysis of the inhibitory effect of
chitosan on Penicillium expansum. Food Science and
Technology, 40(1):250-257.
https://doi.org/10.1590/fst.40418

McKinney, H. 1923. Influence of soil temperature and
moisture on infection of wheat seedlings by
Helminthosporium sativum. Journal of Agricultural
Research, 26(5):195-217.

Meng, X., L. Yang, J.F. Kennedy and S. Tian. 2010.
Effects of chitosan and oligochitosan on growth of two
fungal pathogens and physiological properties in pear
fruit. Carbohydrate Polymers, 81(1):70-75.
http://dx.doi.org/10.1016/j.carbpol.2010.01.057

Mufioz, K., M. Vega, G. Rios, R. Geisen and G.H. Degen.
2011.  Mycotoxin  production by  different
ochratoxigenic Aspergillus and Penicillium species on
coffee- and wheat-based media. Mycotoxin Research,
27(4):239-247.
https://doi.org/10.1007/s12550-011-0100-0

No, H.K. and S.P. Meyers. 1995. Preparation and
characterization of chitin and chitosan-A review.
Journal of Aquatic Food Product Technology, 4(2):27-
52. https://doi.org/10.1300/J030v04n02_03

Received: July 5, 2023; Accepted: September 8, 2023

Orzali, L., B. Corsi, C. Forni and L. Riccioni. 2017.
Chitosan in Agriculture: A New Challenge for
Managing Plant Disease. Pp. 17-36. In: Biological
Activities and Application of Marine Polysaccharides.
E.A. Shalaby (ed.). InTech, UK.
https://doi.org/10.5772/66840

Pathak, V.M., V.K. Verma, B.S. Rawat, B. Kaur, N.
Babu, A. Sharma, S. Dewali, M. Yadav, R. Kumari,
S. Singh, A. Mohapatra, V. Pandey, N. Rana and
J.M. Cunill. 2022. Current status of pesticide effects
on environment, human health and it’s eco-friendly
management as bioremediation: A comprehensive
review. Frontiers in Microbiology, 13:962619.
https://doi.org/10.3389/fmich.2022.962619

Pirouz, A.A., J. Selamat, S.Z. Igbal and N.I.P. Samsudin.
2020. Efficient and simultaneous chitosan-mediated
removal of 11 mycotoxins from palm kernel cake.
Toxins, 12(2):115-129.
https://doi.org/10.3390/toxins12020115

Shi, L., L. Yang, J. Chen, Y. Pei, M. Chen, B. Hui and J.
Li. 2004. Preparation and characterization of pH-
sensitive hydrogel of chitosan/poly (acrylic acid) co-
polymer. Journal of Biomaterials Science, Polymer
Edition, 15(4):465-474.
https://doi.org/10.1163/156856204323005316

Skarkova, J., V. Ostry, F. Malir and T. Roubal. 2013.
Determination of ochratoxin a in food by high
performance liquid chromatography. Analytical
Letters, 46(10):1495-1504.
https://doi.org/10.1080/00032719.2013.771266

Thomas, S., P.A. Soloman and V.O. Rejini. 2016.
Preparation of Chitosan- CMC blends and studies on
thermal properties. Procedia Technology, 24:721-726.
https://doi.org/10.1016/j.protcy.2016.05.201

Zhao, Y., L. Deng, Y. Zhou, J. Ming, S. Yao and K. Zeng.
2018. Wound healing in citrus fruit is promoted by
chitosan and Pichia membranaefaciens as a resistance
mechanism against Colletotrichum gloeosporioides.
Postharvest Biology and Technology, 145:134-143.
https://doi.org/10.1016/j.postharvbio.2018.07.007

2023/9/8 : )&l o 488 gal) gy i £2023/7/5 :adia) gl

(2024) 3 225 42 Alaa gy ) il LB dlaa 402


https://doi.org/10.1007/s40502-015-0139-6
https://doi.org/10.1016/j.tifs.2015.10.010
https://doi.org/10.1021/jf073419i
https://doi.org/10.1590/fst.40418
http://dx.doi.org/10.1016/j.carbpol.2010.01.057
https://doi.org/10.1007/s12550-011-0100-0
https://doi.org/10.1300/J030v04n02_03
https://doi.org/10.5772/66840
https://doi.org/10.3389/fmicb.2022.962619
https://doi.org/10.3390/toxins12020115
https://doi.org/10.1163/156856204323005316
https://doi.org/10.1080/00032719.2013.771266
https://doi.org/10.1016/j.protcy.2016.05.201
https://doi.org/10.1016/j.postharvbio.2018.07.007

