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Abstract
Enzymatic peeling of fruit and vegetables is considered superior to conventional peeling methods in 
terms of minimizing product damage and indeed is expected to improve them. This technology was first 
proposed for the peeling of citrus fruit and numerous studies on its practical use have been conducted. 
However, its application to non-citrus fruit and vegetables remains limited. A novel process, including 
heat treatment prior to enzymatic treatment, is proposed to peel persimmon fruit. Heat treatment induc-
es fine and even cracks on the fruit surface of certain persimmon cultivars, which act as channels via 
which enzyme solution can enter the peel tissue. Another function of the heat treatment is to inactivate 
polygalacturonase-inhibiting protein (PGIP), which is inherent in persimmon fruit. Inactivation of PGIP 
improves the efficiency of enzymatic peeling with exogenous polygalacturonase. Chemical pre-treat-
ments with a food-grade emulsifier solution and a weak basic solution also enhance the permeability 
of enzyme solution into the peel tissue. These physical and chemical treatments are useful for applying 
enzymatic peeling to various persimmon cultivars. In future, enzymatic peeling technology is expected 
to be applied to various agricultural crops as the technology is further refined.
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Introduction

Enzymes are large molecules — mainly proteins — that 
catalyze specific chemical reactions. In contrast, most 
chemical catalysts catalyze a wide range of chemical reac-
tions. Accordingly, in fruit processing, using enzymes has 
the advantages of preventing undesirable changes in mate-
rial characteristics and the potential to retain the qualities of 
the raw materials.

Traditionally, application of enzymatic reactions in 
fruit processing was limited to liquid obtained from pressed, 
crushed or homogenized fruit. However, the development 

of enzyme infusion technology (Baker 1996, McArdle 
1994) has expanded the applicable scope of enzymes to 
include solid fruit, to maintain their form. One example of 
the application of enzyme infusion technology is enzymatic 
peeling of citrus fruit rind (Adams 1991, Bruemmer 1981).

Enzymatic peeling of citrus fruit

Enzymatic peeling technology was first proposed for 
the peeling of citrus fruit prior to that of non-citrus fruit for 
three reasons (Pretel 2010).

The first reason pertains to fruit anatomy. Citrus fruit 
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can be divided into the flavedo (the exocarp [epicarp] or 
zest, the peripheral and colored cell layers of the pericarp), 
albedo (the mesocarp or pith, the inner and white part of 
the pericarp), segment membranes and juice sacs (flesh or 
pulp), each of which differ in appearance and morphology. 
The citrus peel is generally easily separated from the flesh 
tissue, whereas the boundary between the peel and flesh 
tissue in non-citrus fruit is often difficult to distinguish. For 
this reason, citrus peel is easier to treat with enzymes than 
non-citrus fruit.

The second reason relates to fruit cell wall chemistry. 
Since the main component of citrus peel is cell wall pectic 
polysaccharides, the albedo and segment membranes can be 
degraded by treatment with hydrolytic enzymes that show 
polygalacturonase, cellulase and hemicellulase activities. 
Enzyme preparations possessing these activities are com-
mercially available for industrial use, which makes the 
enzymatic treatment of citrus peel practically feasible.

The third reason is linked to fruit biochemistry. 
Polygalacturonase-inhibiting proteins (PGIPs) are present 
in the cell walls of vegetative and fruit tissues and inhibit 
polygalacturonase of fungal origin. PGIPs play roles in 
eliciting plant defense responses and avoiding the microbial 
decay of plant tissues (Lorenzo 2002, Matteo 2006), while 
those present in fruit tissues sometimes inhibit enzymatic 
processing such as enzymatic peeling of healthy persimmon 
fruit (Ozaki 2011). However, PGIPs may not affect the 
enzymatic peeling treatment of healthy citrus fruit since 
the expression of PGIP genes in citrus fruit is induced 
after wounding or inoculation of microorganisms (Barmore 
1985, Gotoh 2002, Nalumpang 2002).

Enzymatic peeling of persimmon fruit

1. Importance of heat treatment prior to the enzyme 
reaction

The application of enzymatic peeling technology for 
non-citrus fruit has only been investigated for stone fruit. 
Toker (2003) studied the enzymatic conditions required to 
treat peach (Prunus persica), nectarine (Prunus persica var. 
nucipersica) and apricot (Prunus armeniaca) fruit success-
fully. Incubating these fruit in enzyme solution containing 
polygalacturonase, hemicellulase and cellulase activities 
at moderately high temperatures (around 45°C) facilitated 
their peeling. For vegetables, Suutarinen (2003) studied the 
enzymatic peeling of potato tubers (Solanum tuberosum cv. 
Asterix), carrot roots (Daucus carota), Swedish turnip roots 
(Brassica napus) and onion bulbs (Allinum cepa). In the 
procedures proposed for the above-mentioned stone fruit 
and vegetables, entry of the enzyme solution into the tissues 
was facilitated by vacuum infusion without any pretreat-
ment of the plant materials.

For enzymatic peeling of persimmon (Diospyros kaki) 

fruit, Ozaki (2004) proposed employing heat treatment 
prior to the enzyme reaction (Fig. 1 A), which induces the 
formation of cracks in the cuticle peel. The cracks then 
act as channels through which the enzyme solution is 
introduced into the peel tissue. Moreover, the heat treatment 
effectively inactivates PGIP. Accordingly, the introduced 
polygalacturonase acts efficiently and degrades peel tissue 
within several hours in the outer region where PGIP was 
inactivated by heat treatment. In contrast, enzyme activity 
would be inhibited in the flesh, where PGIP remains active. 
These findings could be the main reason why enzymatic 
degradation of peel tissue occurs within a limited region 
and produces peeled fruit with a smooth surface.

2. Extension to other persimmon cultivars by perfora-
tion treatment

The above-mentioned enzymatic peeling method 
was applied to a limited number of persimmon cultivars, 
including ‘Hiratanenashi’ and ‘Tone-wase’. Further inves-
tigation revealed that the formation of cracks in the cuticle 
in response to heat treatment varied among persimmon 
cultivars. The cultivars were divided into three groups, 
based on whether the cracks occurred over the entire fruit 
surface, only in a limited area such as the fruit apex and 
immediate vicinity, or cracks barely developed at all (Ozaki 
2011, Sakai 2012).

One reason for this phenomenon may be the mechani-
cal strength of the cuticle layer on the outer surface of the 
peel. Tsubaki (2012) isolated cuticle membranes (CMs) 
from fruit of 27 persimmon cultivars and analyzed the 
relationships among the cultivars based on their chemical 
composition, density and mechanical properties. Wide cul-
tivar-dependent divergence was observed in both chemical 
and mechanical properties, regardless of astringency. Cor-
relation analysis of these parameters revealed that no single 
factor strongly affects the mechanical strength of the CMs. 
It was suggested that integrating both density and chemical 
constituents (polysaccharides, wax and cutin) of the CMs is 
linked to the expression of the mechanical strength of the 
cuticle.

Because the enzyme solution is introduced into the 
peel tissue through the cuticular cracks by simple diffusion, 
distribution of the enzyme solution is limited to the peel 
close to the cracks. For cultivars in which cuticular cracks 
rarely develop in response to heat treatment, a different 
strategy is required to improve distribution of the enzyme 
solution within the fruit. Sakai (2012) proposed perforating 
the peel with a needlepoint holder prior to the heat treat-
ment (Fig. 1 B). The perforations were connected via cracks 
after heat treatment and the development of cracks was 
greatly enhanced. Subsequent enzymatic reaction treatment 
was also effective. The combination of perforation and 
heat treatments extended the applicable scope of enzymatic 
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peeling technology to additional persimmon cultivars. For 
example, fruit of ‘Fuyu’, which is one of the main persim-
mon cultivars grown in Japan and in which cracks are rarely 
induced in the cuticle by heat treatment, can be peeled by 
combining perforation and heat treatment. However, the 
procedure is more labor-intensive, because the perforation 
treatment must be applied carefully to the whole fruit by 
hand. Mechanical perforation of the fruit surface has been 
proposed to improve the ease and efficiency of perforation 
treatment (Nakanishi 2008). However, it is difficult to adapt 

machinery to the various fruit shapes of different persim-
mon cultivars. Accordingly, simpler treatments rather than 
physical perforation treatment, such as immersing the fruit 
in fluid, are required.

3. Chemical treatment with weak basic and food-
grade emulsifier solutions

The cuticle, which covers the outer surface of the fruit 
peel, mainly comprises wax and cutin. Wax is soluble in an 
organic solvent and comprises hydrophobic substances such 
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Fig. 1.  Procedures to improve the enzymatic peeling of persimmon fruit
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as high-molecular-weight hydrocarbons and esters com-
posed of high-molecular-weight fatty acids and alcohols. 
Cutin is a polymer of hydroxy fatty acids combined by ester 
bonds, which is degraded under basic conditions.

Noguchi (2013a) isolated fruit CMs from ‘Fuyu’ and 
‘Hiratanenashi’ persimmon cultivars and analyzed their 
mechanical properties after physical or chemical treatment. 
Chemical treatment, which involved removal of wax with 
an organic solvent and further removal of cutin with a basic 
solution, reduced the breaking strength of isolated CMs 
more effectively than autoclave treatment (Table 1). This 
finding indicates that chemical treatment of the cuticle, as a 
pretreatment of the enzymatic peeling process, is effective 
in weakening the persimmon fruit skin and making crack-
ing easier to induce with heat treatment.

The effect of a chemical treatment that removes or 
degrades the cuticle on the efficiency of enzymatic peel-
ing has been tested with fresh fruit. The fresh fruit were 
treated with chloroform/methanol (1:1, v/v) to remove 
hydrophobic compounds and weaken the cuticle before heat 
treatment and showed enhanced surface cracking after the 
heat treatment and improved enzymatic peeling efficiency. 
Given that an effective process can be applied in industrial 
food processing, the combination of immersion in a food-
grade emulsifier solution and heat treatment in a weak basic 

solution instead of organic solvents was proposed (Fig. 1 C) 
(Noguchi 2013b). Although treatment with some food-grade 
emulsifier solutions is not equivalent to removing wax with 
an organic solvent, it helped weaken the outer surface of the 
cuticle. Subsequent heat treatment in a weak basic solution 
may contribute to partial degradation of cutin. Using this 
novel treatment, the entire process for enzymatic peeling 
of persimmon fruit can be performed in solutions while 
eliminating the need for mechanical perforation (Fig. 2) 
(Noguchi 2013b).

Immersion in solutions is a simple and easy treatment, 
which is expected to improve the ease and efficiency of the 
peeling process for many agricultural crops. Additionally, 
by modifying and improving this novel process, enzymatic 
peeling technology can be extended to other agricultural 
crop species and cultivars.

4. Microbiological quality of enzymatically peeled 
persimmon fruit

The risk of microbial contamination of freshly har-
vested fruit should be controlled. Murakami (2012a) 
investigated changes in the microflora of persimmon fruit 
during the enzymatic peeling process and compared the 
microbial quality of enzymatically peeled fresh-cut slices 
with that of manually peeled fresh-cut slices using a knife. 

Table 1. Effects of autoclave treatment and chemical treatments to remove wax and cutin on the mechanical property of the 
isolated cuticle membranes1) 2)

Treatment
Longitudinal breaking strength (MPa) 3)

Cultivar Simple main effects
(Cultivar)Hiratanenashi Fuyu

Control 9.3 d 8) 10.2 c
Autoclave treatment 4) 6.7 c 9.7 c **
Chemical treatment to remove wax 5) 3.4 b 4.2 b *
Chemical treatment to remove wax and cutin 6) 0.3 a 0.1 a
Significance 7)

Treatment ***
Cultivar ***
Interaction (Treatment x Cultivar) **

1) This table was reworked from published data in Noguchi et al. (2013a).
2) Values are the mean of n = 8.
3) Measured as the mechanical strength of isolated cuticle membranes.
4) 120˚C, 20 min.
5) Treatment with chloroform/methanol (2:1, v/v) as the organic solvent.
6) Treatment with 1.0% (w/v) potassium hydroxide methanol solution after removal of wax.
7) Two-way factorial analysis of variance (n = 8).
8) Numbers followed by the same letter within a column do not differ significantly at P < 0.05 by the Tukey-Kramer test 

(post-hoc testing for simple main effects (Treatment)).
***, **, * Significant at P < 0.001, P < 0.01 and P < 0.05 respectively.
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Although the peel of persimmon fruit had diverse micro-
flora, heat treatment before the enzymatic peeling process 
reduced the microbial counts in both the peel and flesh of 
all fruit to levels below lower detection limits. When micro-
bial contamination of enzyme- and knife-peeled persimmon 
slices was compared, the bacterial counts and diversity of 
the bacterial and fungal flora were lower in enzyme-peeled 
slices than in knife-peeled slices.

Another quality consideration, namely of physico-
chemical qualities such as texture, pH and surface color, of 
enzyme- and knife-peeled persimmon slices was evaluated 
(Murakami 2012a). It was revealed that the suitability of 
enzyme-peeling of persimmon fruit for fresh-cut slices was 
cultivar-dependent.

The microbiological quality and shelf life of enzyme-
peeled fresh-cut persimmon slices were studied during 
storage in a high CO2-controlled atmosphere and active 
modified atmosphere packaging (MAP) at 10°C (Murakami 
2012b). The 20% CO2 atmosphere was most effective for 
lowering the microbe counts of the enzyme-peeled slices 
in high CO2 atmospheres (10, 15 and 20%). Texture, pH, 
surface color, sugar content and total ascorbic acid content 
of enzyme-peeled persimmon slices were unaffected by 
air or 20% CO2 as the flushing gas. When enzyme-peeled 
fresh-cut persimmon slices were stored in an active MAP of 
20% CO2, the high CO2 atmosphere reduced the frequency 
of bacterial growth and the shelf life was four days at 10°C.

Conclusion

In this paper, improvement in enzymatic peeling 
technology and its application to an extended variety of 
fruit species and cultivars was discussed. Peeling is an in-
dispensable procedure when processing the majority of fruit 
and vegetables. However, there is still room to improve 
peeling technology. Currently, hand peeling is the most 

common method used, but is extremely labor-intensive 
and time-consuming. Enzymatic peeling technology is a 
promising candidate with which to replace hand peeling in 
future. Further extending the applicable scope of enzymatic 
peeling technology to cover additional species and cultivars 
of agricultural crops can be expected as a result of combin-
ing enzymatic, physical and chemical treatments.
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