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Valorization and biorefinery of kaffir lime peels waste for antifungal
activity and sustainable control of mango fruit anthracnose
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Abstract

In the biorefinery approach, Kaffir lime (Citrus hystrix) peel wastes can be used to produce a varied range of biomaterials,
biochemicals, and bioenergy. Kaffir lime fruit peels are a rich source of phenolic, flavonoid, and volatile compounds. Peel
essential oil contains volatile compounds including monoterpenes. This covers antifungal activities. Essential oils and their
components commonly inhibit fungal growth in citrus fruit. Therefore, the potential of kaffir lime essential oils against
Colletotrichum gloeosporioides, the causative agent of anthracnose disease in mango fruit, was investigated. The major
compounds of essential oil were beta-pinene, limonene, and beta-citronellol. In vitro antifungal activities of unripe kaffir
essential oil (UKLO) at a 1500 to 50,000 ppm concentration showed the highest inhibition activities against C. gloeospori-
oides mycelial growth. The in vivo efficacy showed that UKLO and ripe katfir essential oil (RKLO) at a concentration of
1500 ppm significantly suppressed the disease development of C. gloeosporioides compared to the control group. The mango
coating with UKLO at 1500 ppm had significantly reduced disease severity index has scored 1.00 compared to scored 3.13
of the control group. This study suggested that kaffir lime peel waste essential oil could be applied to protect against mango
fungal contamination.

Keywords Waste valorization - Biorefinery - Lime peel waste - Mango - Antifungal activity - Reduce fungal contamination

1 Introduction

Mango trees are widely planted throughout the tropics and
subtropics. It is a significant cash crop that has the potential
to promote the mango industry’s sustainable development.
Mango is a cost-effective fruit that has a massive plantation
and production in Thailand. As a result, Thailand exports
mangos to several countries each year [1]. However, mango
exportation was facing the usual appearance problem
because of the lack of high-quality fresh fruits to satisfy
consumers in overseas markets, such as freshness, chemical
residues, cultivation techniques, insects, and diseases after
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harvesting [2]. Nevertheless, this tropical fruit was popular
in Thailand because of its delicious taste, beautiful color,
and pleasant smell, especially Nam Dok Mai Sri Tong vari-
ety, suitable for ripening eating.

However, the rotting of fruits during postharvest, storage,
transportation, and on-shelf affected the quality, quantity,
and economic decrease to export range quality products.
Mango fruit postharvest infections cause huge economic
losses every year during storage around the world. In Thai-
land, losses from postharvest fruit diseases range from 1 to
20%, depending on the product. Mango fruit is atfected by
different kinds of fungus. The application of fungicides to
fruits after harvest has been increasingly curtailed by devel-
oping pathogen resistance to many essential fungicides [3].
The lack of effective substitute fungicides contributes to
a negative public perception of pesticide safety and, as a
result, to restrictions on fungicide use. Disease control is
achieved primarily by the postharvest application of fungi-
cides such as benomy! and prochloraz, alone or in combina-
tion with other treatments [4].

Biological control of postharvest diseases has emerged
as an effective alternative. Because wound-invading

@ Springer
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