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Abstract: In this study, peach pomace (PP) moisture reduction using conventional oven-drying was
investigated by implementing the Box-Behnken experimental design, considering two major process
variables, time—t and temperature—T. The purpose was the optimisation of the process to obtain PP
extracts as rich as possible in total carotenoids (TCn). It was shown that effective moisture removal up
to a final level of approximately 24%, could be achieved after 8.27 h (496 min) at 70 °C. Under these
optimised drying conditions, the maximum carotenoid yield was 84.57 + 8.56 ug CtE g~! dm. This
yield was by almost 63% lower than that achieved using fresh (non-dried) samples. Temperatures
higher than 70 °C were demonstrated to be even more detrimental in this regard, yet from the model
built, it was made clear that prolonged drying time may bring about a more pronounced negative
effect on the total carotenoid yield. The drop in total carotenoid content of PP as a result of drying
was accompanied by a significant decline in the antiradical activity of PP extracts.
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1. Introduction

Food production and consumption inevitably generate a vast quantity of processing waste biomass,
a large part of which is attributed to fruit waste. These residues have been identified as a major
environmental concern since the fraction of discarded materials originating from fruit processing
industries is exceptionally high [1]. Food by-products are rich in valuable organic substances, such as
sugars, organic acids, dietary fiber, but also bioactive compounds, such as polyphenols and carotenoids.
Their appealing composition, along with the growing interest for natural ingredients as alternatives
to synthetic substances, has defined fruit processing wastes as an economically attractive source for
the production of high value-added compounds, which may be used in food, pharmaceutics and
cosmetics [2].

Carotenoids are the red, orange and yellow pigments found in numerous plant tissues and aside
from pigmentation, carotenoids are also important for plants, where they are thought to function as
antioxidants, protecting tissues from damage caused by light and oxygen [3]. Several carotenoids
commonly found in foods are considered to play significant roles associated with maintaining bodily
functions and preventing various diseases. 3-Carotene, lycopene, lutein and zeaxanthin are some of
the most common carotenoids considered to have health benefits, including decreased cancer risk.

Drying is the first step in handling perishable food residues, by reducing water content through
heating. Moisture reduction greatly contributes to the preservation and avoidance of decomposition,
but also reduces weight and size, thus facilitating transportation and storage. Furthermore, dried
tissues become more brittle, which permits facile pulverisation that is highly essential for an extraction
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process. On the other hand, proper drying should ensure the highest possible retention of precious
phytochemicals, which are the extraction target molecules. Since heating may profoundly affect
thermolabile components, severe damage brought about by uncontrolled drying could negatively
impact the compounds to be recovered and their bioactivities.

Peach pomace (PP), the pressing residue originating from the juicing process of peaches, is a solid
waste that might be a bioresource of carotenoids, which could be used as lipophilic functional food
additives (antioxidants) and pigments. Yet, to the best of the authors’ knowledge, PP has never been
investigated in this regard. As a material rich in moisture, PP is highly perishable, and for this reason,
drying is an indispensable step towards its stabilisation against enzymic and microbial deterioration.
Studies on PP carotenoids and the effect of drying on carotenoid fate are particularly scarce. On such a
basis, this investigation was undertaken with the objective to optimise the conditions for effective PP
oven-drying, with the aim to maximise moisture removal with minimal carotenoid losses.

2. Materials and Methods

2.1. Chemicals and Reagents

2,2-Diphenyl-1-picrylhydrazyl radical (DPPH) was from Sigma (Darmstadt, Germany). Acetone,
ethanol and hexane were from Merck (Darmstadt, Germany).

2.2. Peach Pomace (PP)

The peach pressing residue (peach pomace) generated from apricot processing was kindly
provided by KRONOS S.A. (Prefecture of Pella, Greece). The waste material was collected immediately
after peach pressing for juice production and placed in 5-kg tin cans. Upon receipt, PP was stored at
4 °C until used.

2.3. Determination of Moisture Content

A lot of 30 g PP was spread over an aluminium tray to form a layer of approximate thickness
of 5 mm. The tray was placed in an oven (Binder BD56, Bohemia, NY, USA), at 100 °C for 48 h and
moisture content was determined by weighting the residue after drying, as follows:

%Moisture = [1 — (Cfl—nn:)] x 100.

The terms dm and fm correspond to dry and fresh sample mass (g).

2.4. Drying Process Optimisation with Response Surface Methodology

For all drying experiments, the equipment and methodology used are as described in Section 2.3.

The purpose of the optimisation process was to minimise moisture content in PP, while retaining

the maximum content of total carotenoids (TCn). In this framework, two basic factors (independent

variables) were considered; time, t (termed as X;) and temperature, T (termed as X;). The percentage

moisture content and the yield in total carotenoids (Ytcn) were the responses. Drying time and

temperature ranges were selected based on preliminary examinations and published data [4]. The

mode of experiment chosen was a central composite on-face design, with 5 central points, and both

independent variables X; and X, were coded between —1 (lower limit) and +1 (upper limit) (Table 1),
using the equation:

Xi — Xo
Xi = ,
AX;

The terms assigned as x; and X; correspond to the dimensionless and the actual value of the

independent variable i, X is the actual value of the independent variable i at the central point, and AX;

the step change of X corresponding to a unit variation of the dimensionless value. The experimental

i=1,2, 1)
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data obtained were analysed using analysis of variance (ANOVA), to evaluate the significance of the
model. Three-dimensional graphs were constructed using the fitted model.

Table 1. Experimental values and coded levels of the central composite on-face experimental

design deployed.
Independent Variables Code Units Coded Variable Level
-1 0 1
t(h) X1 3 6 9
T (°C) X 40 55 70

2.5. Carotenoid Extraction

Dried PP was initially ground in a domestic blender. Carotenoid extraction was carried out as
previously described [5], with some minor modifications. The extraction solvent was composed of
50% hexane, 25% acetone and 25% ethanol (v/v/v). An amount of 0.5 g dried and ground material was
placed in a 25-mL screw-cap, glass vial, covered with aluminium foil, and 10 mL of extraction solvent
was added. The mixture was stirred on a magnetic stirrer at 300 rpm, for 30 min at room temperature
(22 £ 2 °C) and then 1.5 mL of cold distilled water was added. The mixture was stirred for another
5 min and allowed to stand for a further 5 min to ensure phase separation.

2.6. Total Carotenoid Determination

Following phase separation, a suitable volume of the organic phase was diluted 1:20 with
acetone and transferred into a 1-cm quartz cell. The absorbance was recorded at 450 nm, using a
Shimadzu UV-1700 PharmaSpec spectrophotometer (Shimadzu, Kyoto, Japan), and the total carotenoid
concentration (Cyc,) was determined as follows [6]:

AXFp

A% < cr, 2

Crcn(ug mL™!) =

where A is the absorbance at 450 nm, Fp the dilution factor, A1 = 2500 and C* = 10,000 ug mL~1L.
Extraction yield in TCn (Ytcp), expressed as [3-carotene equivalents (CtE), was then calculated.

CTCI’I XV (3)

Yr1cn(ng CtE g_1 dm) = i

where V is the hexane phase volume (in mL) and dm the dry PP mass used for the extraction (in g).

2.7. Antiradical Activity (Ayr) Determination

A stoichiometric methodology was employed [7], using DPPH as the radical probe. Each extract
was diluted 1:10 with methanol before analysis, and then 0.025 mL of the diluted sample was mixed
with 0.975 mL DPPH (100 uM in methanol) and incubated at ambient temperature. The absorbance at
515 nm was read at t = 0 min (As15(;)) and at ¢ = 30 min (As15(5)). The Aag of the extract was determined

using the equation

AA
R RV 4
AAR x I C > YTCn, 4)

where AA = As54 — Asys), € (DPPH) = 11,126 X 10° pM™! em™, C = Crcp % 0.025 x dilution (1/10),
Y1cn the extraction yield (ug g7') in TCn of each extract assayed, and ! the path length (1 cm). Aagr
was given as pmol DPPH g~! dm.

2.8. Statistics

Drying experiments were performed at least in duplicate and determinations at least in triplicate.
Values reported are means + standard deviation. The design of experiment and related statistics
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(ANOVA) were carried out using JMP™ Pro 13 (SAS, Buckinghamshire, UK), at least at a 95%
significance level. 3D plots were created using SigmaPlot™ 12.5 (Systat Software Inc., San Jose,
CA, USA).

3. Results and Discussion

3.1. Drying Process Optimisation

Since there is a lack of data on PP drying available in the literature, observations on apricot
pomace were used to draw some basic relevant information. Previous investigations showed that
effective air-drying of apricot may be achieved at temperatures ranging from 40 to 70 °C and a time
period of 300 to 500 min [4]. Desired moisture levels could be attained by regulating the levels of ¢
and T since the drying rate is higher at higher temperatures [8]. On this ground, the experimental
setup included a T range from 40 to 70 °C and a resident t from 3 to 9 h (180—540 min). The scope was
the building of a model that would allow for PP moisture estimation by switching both independent
variables (t, T) simultaneously.

The model fitting evaluation was demonstrated by carrying out ANOVA (Figure 1, inset table),
considering the correlation between the measured and predicted values (Table 2). The mathematical
model, from which the non-significant terms were omitted, along with the square correlation coefficient
(R?) and the and the p value for lack of fit were as follows:

%Moisture = 41.1 — 11.4X7 — 14.7X; — 4.8X1 X5 + 10.7X% (R2 =098,p = 0.0003). (5)
80
70
= 23.795 60
< [17.4002, 50
30.1906] 40
30
20
1
) 0.75
Ne)
©0.92058 0.5
wv
A 0.25
0
— n o n — n o n —O wn o o
! S =} . S o g‘ o 'c\>
0.756941 1
t (min) T© Desirability
Parameter Estimates
Term Estimate Std Error tRatio Prob>|t|
Intercept 41.068421 1.682274 24.41 <.0001
t (min) -11.36667 1.338791 -849 0O 4
T(Q) -14.68333 1.338791 -10.97 0.0001
t (min)*T (C) -4.8 1.639678 -2.93 0.0327*
t (min)*t (min) 10.678947 2.060357  5.18 0.0035°

T(O)*T (O 3.5289474 2.060357 1.71  0.1474

Figure 1. Desirability function and response surface statistics associated with PP drying modelling.
Asterisk denotes statistically significant terms.
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Table 2. Measured and predicted responses for all design points considered for the experimental design.

Independent Variables Responses
Design Point X, () X, (T) % Moisture Yrcn (ug CtE g=1 dm)
Measured Predicted Measured Predicted
1 -1 -1 74.9 76.5 227.72 219.82
2 -1 1 57.9 56.8 187.29 183.71
3 1 -1 60.8 63.4 193.10 179.27
4 1 1 24.6 24.4 107.52 98.01
5 -1 0 63.6 63.1 147.99 159.47
6 1 0 42.8 40.4 73.00 96.34
7 0 -1 63.5 59.3 115.01 136.74
8 0 1 28.6 29.9 64.97 78.06
9 0 0 40.3 41.1 71.22 65.10
10 0 0 42.4 41.1 74.27 65.10
11 0 0 37.3 41.1 77.12 65.10
12 0 0 427 41.1 83.62 65.10
13 0 0 39.8 41.1 75.30 65.10

As can be observed, the model was highly significant, suggesting that the mathematical Equation (5)
may be reliably used to predict moisture levels. The 3D plot derived by using the predicted moisture
values (Figure 2) gives an at-a-glance picture of the effect of the independent variables (f, T) on the
response (% moisture).
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Figure 2. 3D Response surface plot illustrating the effect of the simultaneous variation of T and ¢ on PP

moisture levels.

Through the desirability function (Figure 1), the theoretical minimum moisture value was
determined to be 23.8 + 6.4%, achieved by setting t = 8.27 h and T = 70 °C. Model validation included
the performance of PP drying under optimised conditions in triplicate and yielded an average moisture
value of 24.3 + 4.8%, which was practically equal to the minimum predicted one. Furthermore, to
investigate the effect of higher temperatures on the moisture levels at the optimal ¢, drying was also
repeated at 75, 80 and 85 °C, giving corresponding moisture of 9.0, 3.4 and 2.6%.
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3.2. Effects on Carotenoid Content

The central issue in the process developed was the effect of drying on the recovery of total
carotenoids. Previous studies have unequivocally demonstrated the detrimental effects of peach
drying on the carotenoid content and profile [8,9], and therefore, the objective was the effective PP
drying with minimal carotenoid losses. To investigate the simultaneous and combined effect of the
independent variables t and T, a similar model to that developed for drying was implemented. In
this case, too, the model was highly significant, and thus the derived mathematical Equation (6) given
below could be used to make a credible prediction of carotenoid losses during drying, under various ¢
and T combinations:

Yrcn (ng CtE g ™! dm) = 67.16 — 40.26X; — 19.40Xp + 55.29X] + 35.30X3 (R? = 0.95,p = 0.0030), (6)

The visualised outcome was also given as a 3D plot (Figure 3). When the optimal drying conditions
(t=8.27hand T =70 °C) were used in Equation (6), the predicted Yrc, was 84.57 + 8.56 ug CtE g_1
dm. This value was confirmed by carrying out three runs under the same conditions, which gave Yrcp
of 86.42 + 7.32 ug CtE g~! dm. To obtain a picture regarding the magnitude of the effect of drying on
the carotenoid content in PP, a fresh sample was also analysed for Yrc,. As can be seen in Figure 4,
drying under optimal conditions provoked a decrease in Ytcn almost by 63%. Drying for the same
period (8.25 h) at 75, 80 and 85 °C, gave corresponding Ytcy reduction by 71.2%, 75.6% and 77.2%.
This finding pointed strongly to a severe effect of temperature on APP carotenoids.

7777
7
74

\

-1
Y o (MG CtE g dm)

Figure 3. 3D Response surface plot illustrating the effect of the simultaneous variation of T and t on
total carotenoid recovery yield from APP.

In fact, reduction by 70% at 70 °C has been reported during apricot drying [10], but not all
carotenoids displayed the same susceptibility to thermal degradation. For all-trans-{3-carotene, the
major apricot carotenoid, kinetic studies showed a significant dependence on temperature, exhibiting
activation energy (E,) of 91 k] mol~! [10]. Drying time was also significant in this regard, with the
effect being more pronounced with microwave drying than hot-air drying. Data from other studies
concerning the comparison between hot-air and microwave drying of apricots were in the same line [9].
In another investigation on apricot drying, it was shown that the longer the hot-air drying time, the
higher the (-carotene losses and that treatments combining higher temperatures and shorter times
were more favourable in retaining higher levels of 3-carotene [8]. Similarly, it was demonstrated
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that for a given drying time, apricots retained higher (3-carotene levels as the drying temperature
increased [11]. Indeed, considering the factors of the independent variables in Equation (6), increases
in t (X7) would cause higher Ytc, reduction than increases in T (X3).

-62.6%

250 7

200 4

150 4+

100

Y, (ug CtE g dm)

0 T T T T T
fresh oD D75 D80 D85

APP sample

Figure 4. Bar plot showing the effect of APP drying under optimised conditions on the yield of total
carotenoid recovery, as compared with the non-dried APP and APP dried at elevated temperatures.
Assignments: OD, optimal drying (t = 8.27 h and T = 70 °C). D75, D80 and D85 correspond to APP
drying at 75, 80 and 85 °C, for t = 8.27 h).

3.3. Effects on Antiradical Activity

The radical-scavenging activity of lipophilic plant extracts has been closely associated with
their carotenoid content and composition [12]. Furthermore, several studies on pure carotenoids
demonstrated their ability as effective radical scavengers [13,14]. On this basis, the estimation of
the antiradical activity during APP drying may reflect compositional changes on carotenoids and
vice versa.

Figure 5 shows the AR of the fresh PP and the PP dried under optimised conditions, together
with the AaR of samples dried at higher T. Drying at 70 °C caused a decrease in Aar by approximately
73%, while drying at T higher than 70 °C was even more destructive in this regard. This finding is in
accordance with previous investigations [9], which showed that apricot air-drying at 60 °C reduced
antioxidant activity, yet the lack of more extended bibliographic data put these results in ambiguity.
On the other hand, since the decrease in Ytc, was accompanied by a decrease in Ay, it could be
argued that there might be a correlation between these two phenomena.

The theoretical basis to support this assumption might lie on the scavenging ability of 3-carotene,
which is the principal peach carotenoid [15,16]. (-Carotene is one of the most powerful radical
scavengers compared with other carotenes and xanthophylls [17] and owed to its high content in
lipophilic apricot extracts, it would normally be expected to exert the most significant radical-scavenging
effect. Thus, its drastic decomposition during PP drying, as this could be implied by Figure 4, would
entail a decrease in Asg. At this point, it should be emphasised that (3-carotene is prone to thermal
degradation, and hot-air drying may afford a decline by as high as 70% at 70 °C [10].
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Figure 5. Bar plot showing the effect of APP drying under optimised conditions on the A g, as compared
with the non-dried APP and APP dried at elevated temperatures. Assignments: OD, optimal drying
(t=827hand T =70 °C). D75, D80 and D85 correspond to APP drying at 75, 80 and 85 °C, for t = 8.27 h).

4. Conclusions

In this study, drying of PP was attempted by employing oven-drying, a low-cost and easy to
perform drying technique. Drying process optimisation by implementing a Box-Behnken experimental
design showed that using 70 °C as the maximum temperature, effective moisture removal up to an
approximately final level of 24%, could be achieved after 8.27 h (496 min). Modelling of carotenoid losses
during drying made it possible to estimate that, under optimised drying conditions, the maximum
carotenoid yield was 84.57 + 8.56 ug CtE g~! dm. This yield, however, was almost 63% lower than
that achieved using fresh (non-dried) samples. Temperatures higher than 70 °C were demonstrated to
be even more detrimental in this regard, yet from the model built it was made clear that prolonged
drying time may bring about a more pronounced negative effect on the total carotenoid yield. The
drop in total carotenoid content of PP as a result of drying was accompanied by a significant decline
in the antiradical activity of PP extracts. This fact was an indication of a correlation between the
content of carotenoids and antioxidant activity of the extracts. It is concluded that, in a prospect of
industrial valorisation of PP, drying process optimisation should be an indispensable element, since
the application of empirical and inaccurate methodologies may provoke carotenoid losses that cannot
be overlooked. In any case, carotenoid losses during drying are an inevitable compromise to effectively
dry the otherwise susceptible PP and avoid enzymic and/or microbial spoilage.
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Nomenclature

AAR antiradical activity (umol DPPH g_1 dm)
Ctcn total carotenoid concentration (g mL™1)
dm dry mass (g)

t time (min)

T temperature (°C)

Yrtcn yield in total carotenoids (ug CtE g_l dm)
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