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Summary Persimmon peel is an agro-industrial by-product that could be valorised as a potential powdered func-

tional ingredient. However, powdered products exhibit quality and stability problems associated with the

water activity and the glass transition. In this work, hot-air drying was used to produce a persimmon peel

powder, which was conditioned at 20 °C at different relative humidity (11.3%–75.5%). The changes in

physical properties (water sorption, glass transition, mechanical properties), structure (light microscopy)

and bioactive compounds (soluble tannin content, total carotenoid content) were evaluated. By combining

the GAB sorption model and the Gordon and Taylor equation, the critical values of water activity

(aw = 0.211) and water content (0.029 g water g�1 product), related to the glass transition, were

obtained. These values were critical for the production of a free-flowing powder rich in bioactive com-

pounds and high antioxidant capacity.

Keywords Antioxidant capacity, by-product, caking, glassy–rubbery state, water sorption.

Introduction

Persimmon (Diospyros kaki Thunb.) is consumed in
many countries around the world. China is the main
producer, followed by Spain, the Republic of Korea
and Japan (FAO, 2021). Persimmon production is
concentrated in a short period of the year; therefore,
persimmon industrialisation is needed to reduce post-
harvest losses. The current challenge of the persimmon
industry is to increase crop profitability, creating new
opportunities to build a more sustainable system that
contributes to the circular economy (Hosseininejad
et al., 2022a).

The most important persimmon processed product
is traditional semi-dried persimmon, which is com-
monly produced and consumed in Asian countries
(Matsumoto et al., 2007; Oh et al., 2018). The proce-
dure followed to obtain most of the semi-dried persim-
mon and other persimmon-derived products comprises
peeling, which results in a high amount of persimmon
peel as an agro-industrial by-product, at least 10%,
according to Ye et al. (2022). Untreated peel is an
agricultural waste that poses a serious environmental
risk. However, it is necessary to understand the long-
term value of peel because it is rich in compounds with
nutritional interests (Ohguchi et al., 2010). The main

component of the persimmon peel is dietary fibre, but
it also contains vitamins, minerals, polyphenolic
compounds (mainly tannins such as proanthocyani-
dins) and carotenoids (Gorinstein et al., 2001; Smrke
et al., 2019). The quantity of bioactive compounds,
especially carotenoids and polyphenols, is higher in the
peel than in the pulp (Yaqub et al., 2016). These bio-
active compounds play an important role in preventing
oxidation (Suzuki et al., 2005). Moreover, carotenoids
serve as chemo-preventive anticancer (Raskin et al.,
2002), anti-inflammatory and immunomodulatory
agents (Miller et al., 2004; Yaqub et al., 2016), and
polyphenols are receiving a lot of attention because of
their ability to reduce cardiovascular diseases (Yaqub
et al., 2016).
By processing through simple technology, this by-

product could be reintroduced to the production line
as a potential functional ingredient with health bene-
fits, improving the nutritional profile of different foods
(Del Rio Osorio et al., 2021). Because of its simplicity
and affordability, hot-air drying is the most common
technique used to obtain food ingredients with an
extended shelf life. The primary goal of drying is to
remove water from the solids to a point where micro-
bial spoilage and chemical degradative reactions are
greatly reduced (Krokida & Marinos-Kouris, 2003).
Characterising the water sorption isotherm is critical
for determining the stability and acceptability of food*Correspondent: E-mail: mihernan@tal.upv.es
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goods, determining moisture changes that may occur
during storage and selecting packing materials (Bah-
loul et al., 2008). Several mathematical models, both
theoretical and empirical, have been proposed to this
purpose. Among them, the Brunauer–Emmett–Teller
(BET) and the Guggenheim–Anderson–de Boer (GAB)
models, are the most widely used in food systems.
However, it is recommended to test the ability of sev-
eral sorption models, since the best equation to
describe the water sorption behaviour depends on the
food matrix (Collazos-Escobar et al., 2022). Further-
more, to predict the physical and chemical changes in
the dehydrated powdered products, it is important to
analyse the state of the amorphous phase, which is
commonly formed during the rapid water removal
associated with the drying process. In terms of product
quality and stability, keeping the product below its
glass transition temperature (Tg) is recommended,
because the change from a glassy to a rubbery state
has been linked to changes in food physical properties,
particularly diffusional and mechanical properties. In
the rubbery state, solute crystallisation and/or
collapse-related phenomena, such as powder stickiness
and caking, may occur (Roos, 1995). Molecular mobil-
ity drastically increases, so reactants can diffuse more
easily and participate in deterioration reactions. There-
fore, the glassy state avoids quality changes in food
powders. The increase in the water content and water
activity (aw) leads to a decrease in Tg, due to the plas-
ticisation effect of the water, well characterised by the
Gordon and Taylor model. Thus, the relationship
between those variables, represented in a modified
state diagram, is useful to optimise food formulation
and establish processing and storage conditions.

The aim of this work was to study the effect of
water content, aw, and glass transition on the physical
properties and bioactive compounds of persimmon
peel powder produced through hot-air drying. The
water sorption isotherm and the state diagram of the
amorphous phase were used to obtain the critical value
of the water content and aw needed to guarantee the
glassy state of the powdered product.

Materials and methods

Sample preparation

Persimmon (Diospyros kaki Thunb. cv. Rojo Brillante)
fruits were washed and peeled. The peels were hot-air-
dried using a tray dryer (Model FED 260 Avantgarde
Line, Binder GmbH, Tuttlingen, Germany) with air
circulation at 45 °C, 2 m s�1, for 22 h until constant
weight. After drying, a grinder mill (Moulinex, Barce-
lona, Spain) was used to obtain a powdered product,
which was conditioned to different aw levels following
the methodology described by González et al. (2020).

The equilibrium moisture content was determined con-
sidering the initial water content and the weight differ-
ence until the equilibrium. The initial water content
was obtained by drying the sample in a vacuum oven
at 60 °C (Vaciotem, JP Selecta SA, Abrera, Spain).
The equilibrated samples were analysed after 5 months
of storage. All analyses were performed in triplicate.

Sorption isotherms

The BET, GAB, Henderson and Caurie models (eqns 1–4,
respectively) were used to fit the relationship between
aw and the equilibrium water content (we, g water g�1

dry solids) at 20 °C. Statistical software Solver (Excel
2019) was employed for nonlinear regression analysis,
minimising the residual sum of squares.

we ¼ wo C aw
1�awð Þ 1þ C�1ð Þawð Þ (1)

Where, wo is the monolayer moisture content (g
water g�1 dry solids), and C is the sorption energy
constant.

we ¼ wo C K aw
1�K awð Þ 1þ C�1ð Þ K awð Þ (2)

Where, wo is the monolayer moisture content (g
water g�1 dry solids), and C is the sorption energy con-
stant related to monolayer sorption and K is the sorp-
tion energy constant related to multilayer sorption.

we ¼ �log 1�awð Þ
10f

� �1=n

(3)

Where, n and f are model constants.

we ¼ exp aw � ln rð Þ� 1

4:5 � ws

� �
(4)

Where, r is a model constant, and ws is the security
moisture content (g water g�1 dry solids).

Glass transition temperature

The glass transition temperature was obtained by dif-
ferential scanning calorimetry following the methodol-
ogy described by Perez-Pirotto et al. (2022). The
relationship between Tg (°C) and xw (g water g�1

product) was fitted to the Gordon and Taylor model
(eqn 5). Statistical software Solver (Excel 2019) was
employed for nonlinear regression analysis, minimising
the residual sum of squares.

Tg ¼
1�xwð Þ Tg asð Þ þ k xw Tg wð Þ

1�xwð Þ þ k xw
(5)

Where, Tg(as) is the glass transition temperature of
the anhydrous solids (°C), Tg(w) is the glass transition

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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temperature of the amorphous water (�135 °C), and k
is the model constant.

Mechanical properties

A Universal Texture Analyzer (TA.XT2, Stable Micro
Systems, Surrey, UK) was selected to study the
mechanical behaviour of the equilibrated samples. The
powdered samples were poured to fill a cylindrical
container 40 mm in diameter by 10 mm in height. A
flat-tipped 4 mm cylindrical probe (P/4) was used to
penetrate the samples up to a distance of 4 mm at a
1 mm s�1 rate. The maximum force (N) and the com-
pression area (N�mm) were measured.

Colour

A Chroma meter CR-400 (Minolta Co., Ltd., Osaka,
Japan), with D65 illuminant and 100 observer was
used to obtain the CIE L*a*b* colour coordinates.
The colour attributes chroma C* and hue angle (h*)
were calculated using eqns (6) and (7), respectively.

C� ¼ a�2 þ b�2
� �1=2h i

(6)

h� ¼ tan�1 b
�

a�
(7)

Total colour difference (ΔE*) was calculated regard-
ing the lowest aw (aw = 0.113) sample using eqn (8).

ΔE� ¼ ΔL�ð Þ2 þ Δa�ð Þ2 þ Δb�ð Þ2
h i1=2

(8)

Microstructure

A Nikon Eclipse 80i light microscope (Nikon, Tokyo,
Japan), in bright field mode, was selected to study
the microstructure of the samples. 4× objective lenses
were used to visualise the samples. The images were
acquired at a resolution of 1280 × 1024 pixels using
NIS-Elements software (Version 4.0, Nikon). The
images were analysed using the software ImageJ (U.S.
National Institutes of Health, Bethesda, MD, USA).

Soluble tannin content (STC)

The STC was determined in the ethanolic extract
according to the methodology described by Hosseini-
nejad et al. (2022b). The results were expressed in dry
basis as g of gallic acid equivalent (GAE)/100 g db.

Total carotenoid content (TCC)

The TCC was determined in the lipidic extract
(extracted with acetone and diethyl ether) according to

Nath et al. (2018). The results were expressed in dry
basis as mg β-carotene/100 g db.

Antioxidant activity (FRAP and DPPH)

Antioxidant activity was studied using the FRAP
method in ethanolic extract and the DPPH method in
the ethanolic and lipidic extracts, according to Benzie
& Strain (1996) and Matsumura et al. (2016), respec-
tively. The results were expressed as μmol Trolox eq/g
db and % of DPPH inhibition, respectively.

Statistical analysis

An analysis of variance (ANOVA) was performed using
the least significant difference (LSD) test with a 95%
confidence interval to compare test means (Stat-
graphics Centurion XVII Manugistics, Inc., Rockville,
MA, USA).

Results and discussion

Water sorption and glass transition

The parameters of the sorption models, BET, GAB,
Henderson and Caurie, fitted to the experimental data,
are shown in Table 1.
The GAB model, widely used in the prediction of

water sorption in food systems, with the highest R2,
was selected to predict the water sorption behaviour
(Fig. 1).
Regarding powder stability, the monolayer moisture

content has often been described as a critical parame-
ter. However, controlling the glass transition is crucial
to ensure the stability and quality of food powders
during storage. The glass transition temperature of the
persimmon peel powder decreased with increasing
water content and the corresponding aw. Specifically,

Table 1 Parameters of the sorption models (BET, GAB, Hen-
derson and Caurie) fitted to experimental data

Model Parameters

BET wo (g water g�1 dry solids) 0.089

C 1.294

R2 0.996

GAB wo (g water g�1 dry solids) 0.098

C 1.318

K 0.937

R2 0.999

Henderson n 0.783

f �1.309

R2 0.998

Caurie ws (g water g�1 dry solids) 0.052

r 44.818

R2 0.997

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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the value of Tg decreased from 34.8 to �58.5 when aw
varied from 0.113 to 0.755 (Fig. 1). The low Tg values
obtained are explained by the high concentration of
reducing sugars with low molecular weight, 51 g of
reducing sugars/100 g of persimmon peel powder
according to Hwang et al. (2011). Ferrari et al. (2021)
obtained similar values in mango peel powder
(Tg = 42.40 °C at aw = 0.112 and �47.60 °C at
aw = 0.753), with 35 g reducing sugars/100 g.

When the Tg value is lower than the storage temper-
ature, the glass transitions from glassy to a rubbery
state occurs. The relationship between the water con-
tent of the persimmon peel powder and its Tg was fit
by the Gordon and Taylor equation (eqn (5)), obtain-
ing the parameters Tg(as) = 45.402 °C and k = 5.487
(R2 = 0.996). These values were similar to the
obtained in lyophilised persimmon slices (González
et al., 2020), hot-air-dried mango peel powders (Fer-
rari et al., 2021), and lyophilised grapefruit powder
(Moraga et al., 2012).

To determine the critical values of water content
(CWC) and water activity (CWA) related to glass tran-
sition, the combined Tg-xw-aw data and the Gordon
and Taylor and GAB fitted models were used (Fig. 1).
At 20 °C, the CWA value was 0.211 and the corre-
sponding CWC was 0.029 g water g�1 product. There-
fore, to keep the persimmon peel powder in a glassy
state, the relative humidity (RH) of the environment in
contact with the sample should be lower than 21.1%,
and the water content lower than 0.029 g water g�1

product. Similar values were obtained by González

et al. (2020) in freeze-dried persimmon slices
(CWA = 0.165 and CWC = 0.031 g water g�1 prod-
uct). Furthermore, in a study performed in freeze-dried
grapefruit powder, these values were 0.140 and 0.043 g
water g�1 product, respectively (Moraga et al., 2012).
In all cases, CWC values were lower than wo, so the
monolayer moisture content cannot assure the powder
preservation during storage.
At refrigeration storage conditions (i.e. 5 °C), the

expected CWA and CWC values would be higher
(0.331 and 0.050 g water g�1 product, respectively),
thus increasing the stability range (Fig. 1).

Mechanical properties

The penetration test performed on the samples allowed
to detect changes in the mechanical properties related
to the different aw levels (Table 2).
Low aw preserved the product with characteristics of

a free-flowing powder, and as the wetting process pro-
gressed, collapse-related phenomena, such as stickiness
and caking, were observed. Hardening occurred first,
going from a free-flowing powder below CWC or
CWA to a product with significantly higher force and
area values.
The change from a glassy to a rubbery state at aw of

0.211 led to a significant increase (P < 0.05) in both
mechanical parameters, reaching the highest values at
aw of 0.430. The sample with aw of 0.230 (in the rub-
bery state) presented a value of area significantly
higher than the sample with aw of 0.113 (in the glassy
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Figure 1 Glass transition temperature (Tg) – water activity (aw) relationship (continuous line) and water activity (aw) – water content relation-

ship (xw) (discontinuous line) of dried persimmon peel powders.
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state), even though no significant changes were
observed in the maximum force values. This is associ-
ated with the beginning of the structure collapse pro-
cess, which is related to the formation of bridges
between particles, causing them to stick together
(Aguilera et al., 1995). As the wetting process con-
tinues, crystallisation may occur, and moisture released
from the crystallised to the amorphous regions acceler-
ates the caking process. The rate of caking is a func-
tion of the difference between the storage temperature
and the Tg, being faster as T–Tg (ΔT ) increases (Roos
et al., 1998). From a aw of 0.520, a significant decrease
(P < 0.05) in both mechanical parameters was
observed, which reflects the softening of the matrix, as
an extension of the structure collapse. Therefore, the
glass transition exhibits a significant change in the
mechanical properties of the persimmon peel powder
and must be considered as a critical parameter to
avoid caking.

Colour

Regarding the colour evolution of the persimmon peel
powder samples at the different aw levels, Table 2
shows the colour attributes luminosity (L*), hue angle
(h*), chroma (C*) and total colour differences (ΔE*).

The L* values decreased significantly (P < 0.05)
with the increase in aw, which indicates that samples
became darker when the water content and the aw

were higher. The values of h* decreased with increas-
ing the aw, indicating that the samples turned reddish
as water content increased. Regarding the C* values,
an increase from aw = 0.113 to aw = 0.230 was
observed, which could be attributed to the different
physical state. No significant differences (P > 0.05)
were observed in the C* values from aw = 0.230 to
aw = 0.520; and beyond that aw value a significant
decrease (P < 0.05) was found.
Total colour differences were evaluated regarding the

sample with the lowest aw (Table 2). As all ΔE* values
were higher than 12.96, all differences can be considered
perceptible to the human eye (Obón et al., 2009), as also
seen in Fig. 2a. The total colour differences appeared to
be related not only to the glass transition but also to the
amount of water available, related to the aw. Previous
findings in similar products showed comparable results,
which stated that colour change increases with increas-
ing aw, whereas it is minimal in the glassy state due
to the slow diffusion of reactants (Telis & Martı́nez-
Navarrete, 2010; Moraga et al., 2011; Al-Ghamdi
et al., 2020; González et al., 2020).
During fruit storage, both enzymatic and non-

enzymatic browning may occur. Enzymatic browning,
caused by the action of polyphenol oxidase, can be
inhibited at low aw. Thus, colour changes in low aw
samples can be attributed mostly to the non-enzymatic
browning reaction, which occurs due to the concentra-
tion and interactions of sugars and amino acids in the

Table 2 Maximum force (N), com-
pression area (N�mm) and colour
parameters (L*, h*, C*, ΔE*) of per-
simmon peel powder at different
water activities

Samples Force (N) Area (N�mm) L* h* C* ΔE*

aw = 0.113 0.51c � 0.14 0.55d � 0.12 77.98a � 0.49 79.52a � 0.73 28.37b � 0.24 –
aw = 0.230 0.48c � 0.01 0.92c � 0.31 70.93b � 0.73 74.45b � 0.35 38.84a � 1.27 12.96

aw = 0.330 1.71b � 0.14 2.08b � 0.18 64.01c � 0.71 72.27c � 0.35 38.30a � 0.45 17.15

aw = 0.430 2.44a � 0.25 2.43a � 0.29 61.25d � 0.35 69.30d � 0.15 38.15a � 0.26 20.24

aw = 0.520 0.49c � 0.10 0.40d � 0.09 61.64d � 0.14 71.40c � 0.19 38.04a � 0.28 19.55

aw = 0.680 0.38c � 0.01 0.29d � 0.09 52.46e � 0.65 59.89f � 0.87 24.78d � 0.42 27.30

aw = 0.755 0.45c � 0.05 0.35d � 0.04 51.62e � 0.27 63.37e � 0.82 25.56c � 0.57 27.56

Values in a column with different superscripts differ significantly (P < 0.05) according to ANOVA.

Figure 2 Photographs (a) and light microscopy images (b) of the persimmon peel powder at the different aw values.

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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fruit. The sharp increase in the ΔE* values of the sam-
ples with aw = 0.680 is related to the maximum reac-
tion rate for non-enzymatic browning, which occurs at
aw 0.65–0.70, and has been attributed to a balance of
viscosity-controlled diffusion, dilution and concentra-
tion effects. Furthermore, the rate of enzymatic brow-
ning reactions is also amplified under these conditions
(Labuza et al., 1972).

Light microscopy

Light microscopy images of the persimmon peel powder
at the different aw values are presented in Fig. 2b. The
persimmon peel powders were observed as individual
particles when the aw values were low (aw = 0.113 and
aw = 0.230) with a mean particle area of 185 μm2.
However, when aw increased from 0.330 to 0.755, a
more agglomerated peel powder was observed, losing
their individuality and increasing the mean particle area
(over 400 μm2). These images corroborate the findings
observed in the mechanical changes related to the
glass transition. In the rubbery state, the formation of
an incipient liquid state of lower viscosity on the parti-
cle surface leads to stickiness, interparticle bridging,
agglomeration and structure collapse.

Soluble tannin content (STC) and antioxidant activity

Table 3 shows the STC, and the antioxidant activity
determined using FRAP and DPPH methods in the
ethanolic extract of the persimmon peel powder samples
as a function of the aw. The sample with aw = 0.430
showed the highest STC value (P < 0.05), followed by
the samples with lower aw (0.113 and 0.230).

Increasing aw above 0.430 led to a decrease in STC
values, which could be attributed to an increase in the
rate of enzymatic browning reactions favoured at high
aw, which favours enzyme-substrate interactions. Fur-
thermore, this decrease in STC could also be related to
the polymerisation of the phenols, which would

become insoluble due to higher water mobility. The
observed evolution of the STC content appears to be
related to glass transition and the availability of water,
which helps molecular mobility and thus supports deg-
radation and polymerisation reactions.
Regarding the antioxidant capacity, measured by the

FRAP method, the results are strongly correlated with
the STC content. The highest antioxidant capacity was
presented by samples with an aw of 0.330 and 0.430,
without significant differences (P > 0.05) between
them, followed by the samples with low aw (0.113 and
0.230). As the aw increased above 0.430, the antioxidant
capacity decreased; the higher the aw, the lower the
value of FRAP. The pattern is consistent with studies
conducted on freeze-drying persimmon slices during its
storage at different RH (González et al., 2020).
Regarding the antioxidant capacity, measured by

the DPPH method, no significant differences were
found among samples with aw from 0.113 to 0.430
(P > 0.05). A sharp decrease in the percentage of inhi-
bition (P < 0.05) was observed at higher aw values. A
similar trend was observed in freeze-dried grapefruit
powder, where a negative linear correlation was found
between antioxidant capacity, measured by the DPPH
method, and RH (Moraga et al., 2012).

Total carotenoid content (TCC) and antioxidant activity

Table 3 shows the content of TCC, and the antioxidant
activity measured in the lipid extract using DPPH
method. As is well known, carotenoids are sensitive
to various factors, including oxygen, light, temperature
and water content. In our study, the content of
TCC, expressed as a dry basis, was significantly differ-
ent (P < 0.05) between samples. The sample with
aw = 0.520 showed the highest TCC values (P < 0.05),
followed by the samples with aw = 0.430 and
aw = 0.330. Lavelli et al. (2007) obtained similar results
in freeze-dried carrots, where the rate of carotenoid deg-
radation was at a minimum over the aw range 0.31–0.54

Samples

Ethanolic extract Lipidic extract

STC (g GAE/

100 g db)

FRAP (μmol

Trolox per g db)

DPPH (%

inhibition)

TCC (g β-
carotene/100 g

db)

DPPH (%

inhibition)

aw = 0.113 0.58b � 0.13 81.86b � 0.96 92.43a � 0.13 0.076f � 0.010 –
aw = 0.230 0.55b � 0.03 78.64b � 3.76 93.94a � 0.57 0.156d � 0.022 8.14b � 1.33

aw = 0.330 0.46c � 0.06 107.92a � 1.34 95.16a � 0.38 0.257c � 0.015 4.48c � 1.57

aw = 0.430 0.75a � 0.12 109.62a � 1.44 94.35a � 0.72 0.300b � 0.016 5.23c � 0.51

aw = 0.520 0.33d � 0.05 49.16c � 1.48 74.91b � 3.81 0.347a � 0.012 11.29a � 3.63

aw = 0.680 0.30d � 0.09 23.80d � 1.13 31.15c � 3.33 0.110e � 0.008 5.29c � 4.28

aw = 0.755 0.11e � 0.04 10.50e � 1.33 13.86d � 1.07 0.159d � 0.006 5.11c � 1.42

Values in a column with different superscripts differ significantly (P < 0.05) according to ANOVA.

Table 3 Soluble tannin content (STC),
total carotenoid content (TCC) and
antioxidant activity (FRAP and DPPH)
in the ethanolic and lipidic extracts of
persimmon peel powder at different
water activities

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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in blanched and unblanched samples. The persimmon
peel powder with aw = 0.113 showed the lowest
(P < 0.05) TCC value, followed by the sample with
aw = 0.680; no significant differences (P > 0.05) were
found between samples with aw = 0.730 and 0.230.
Regarding antioxidant capacity, measured by the
DPPH method, the results are highly correlated with
TCC content; the highest (P < 0.05) antioxidant capac-
ity was found in samples with aw = 0.520.

Carotenoids degradation followed the U-shaped pat-
tern typical of lipid oxidation, with a high deteriora-
tion rate at extreme low and high moisture contents.
The decrease in the oxidation rate to a minimum, as
aw increases from the dry state, has been related to the
capacity of water to replace oxygen within the sorption
surface, to quench free radicals or to form hydration
spheres around metal ions (Labuza & Dugan, 1971;
Quast et al., 1972). Therefore, low water activities,
although can stabilise reactions, do not prevent carot-
enoids from degradation. In this sense, it would be
recommended to use multi-layer laminates for packag-
ing the product, incorporating materials such as alu-
minium and other barrier films that offer protection
against moisture, oxygen and light.

Conclusions

The physical properties and concentration of bioactive
compounds of the persimmon peel powder obtained
through hot-air drying are greatly influenced by the aw
and the glass transition temperature. This study led to
some practical points about the processing and storage
conditions required to maintain this ingredient with a high
quality. Storing the powder in a glassy state (at 20 °C
below aw = 0.211 and 0.029 g water g�1 product) allows
to obtain a free-flowing powder with a high content of
phenolic compounds and antioxidant capacity. Above a
aw = 0.520, the increase in degradation reactions leads to
a significant decrease in the content of bioactive com-
pounds. This work paves the way for using persimmon
by-products to produce a potential functional and sustain-
able ingredient that can be used in the food industry.
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