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a b s t r a c t 

This work describes two alternative laboratory methods ’candying fruit’ methods of fresh mesocarp of Crimson 

sweet watermelon, a typical waste and unappetizing material. Our experimental candying process was conducted 

by slow osmosis, lasting 24 weeks at room temperature. It was activated with granular sucrose according to our 

two alternative laboratory methods, WET and DRY. Fresh watermelon rinds were transformed into candied fruit 

with excellent flavor and aromas. The aromatic profile of all the materials was characterized with HS-SPME-GC–

MS technique. The results highlighted some significant differences in the Volatile Organic Compounds fraction, 

probably attributable both to the cultivar and to the two candying methods, as verified also by a panel test. The 

class of alcohols remains almost constant in all the samples. Terpenoids are highly present in FRESH samples, 

while they disappear in DRY candied ones. Acetate esters are absent in FRESH rinds, they reach the maximum 

level in WET, and stop at the middle in DRY samples. The trend of the values relating to the class of acids is 

opposite: absent in the FRESH aromatic profile, maximum and average for DRY and WET samples, respectively. 
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. Introduction 

In this paper, we can address some attention to a case study repre-

ented by watermelon cultivation and processing pre-waste byproducts.

he rinds of the watermelon constitute a rather substantial fraction of

he fruit, varying from about 15–30%, up to 40% ( Tarazona-Díaz et al.,

011 ; FAO, 2020 ) of the total mass for the various commercial cultivars

 Zia et al., 2021 ). The peels therefore remain the form of massive by-

roduct most important among the agri-food waste generated by many

layers operating along the value-chain ( www.imarcgroup.com ). Above

ll, by producers in the farmers and by food industries that produce

egetable juices ( Souad et al., 2012 ). This view is strongly shared in

iterature, and many other authors agree with us ( Lowe and Buckmas-

er, 1995 ; Zamus et al., 2021 ; Rico et al., 2020 ). 

In previous literature studies, it has been shown that watermelon

inds have some potential for the possible recovery of derived ma-

erials ( Khanam and Haq Bhat, 2017 ). For example, after processing

 drying and grinding the mesocarp, the white and thick intermedi-

te layer, a neutral dietary fiber can be obtained for use in the phar-

aceutical industry ( Dammak et al., 2019 ), for the preparation of

utraceutical-enriched flours for the bakery production ( Fabani et al.,
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021 ), pasta, pastry and ice cream products, stabilizing agent of water

ontent ( Souad et al., 2012 ) and as a natural food additive ( Hoque and

qbal, 2015 ; Ho and Dahri, 2016 ), a useful product for new forms

f packaging materials ( Han and Song, 2021 ), among others. In ad-

ition to all the opportunities described above ( Velmourougane and

e Souza, 2017 ), in this paper we report the results from a series of

andying tests that we carried out on some samples of mesocarp ob-

ained from thick peels of Crimson sweet watermelon. This way, it

s possible to improve the recovery of some byproducts through pro-

essing into other foods ( Baldwin and Wilberforce, 2009 ), helping to

chieve at least 3 goals : (i) increasing availability to cover basic needs

 Shivapour et al., 2020 ); (ii) minimizing waste and environmental im-

act ( Aronson et al., 1999 ; Fish et al., 2009 ); (iii) maximizing agricul-

ural profit ( Kausar et al., 2020 ). 

The rinds have a very high moisture content, about 95% on a

et basis. The candying process involves the reduction of the mois-

ure content to safe levels, slowing down and inhibiting the microbial

rowth and enzymatic activity associated with the fermentation pro-

esses ( Athmaselvi et al., 2012 ), thus extending the shelf life of the ob-

ainable products ( Deiana et al., 2019 ). Obviously, these last are very

weet products with great added value, mainly intended for the con-
tember 2022 
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ectionery sector, ice cream production, yoghurt and dairy products, as

ell as candied fruits in general, among others. 

In particular, we have monitored the composition of the volatile aro-

as associated to different candying processes, in relation to the charac-

eristics of the fresh rinds. In fact, the fresh product is absolutely unap-

etizing, it is almost devoid of aromas that could make it interesting and

ecognizable for a particular scent, as in the case of other fruits. Con-

ersely, the candying process associated with some partial fermentation

rocesses, leads to the development of volatile analytes that express a

ery pleasant aromatic profile, making the finished product unique and

erfectly recognizable. Unfortunately, extensive literature and market

esearch shows that in the panorama of both candied fruits and vegeta-

les, there is no other species that can resemble our finished products.

his fact makes very difficult any possible comparison with any matrix,

lternative or substitute, of commodity interest ( www.indexbox.io ). 

. Materials and methods 

.1. Samples preparation 

We procured 3 large watermelons of about 10 kg each, ripe at the

ight point for consumption. They were bought one in a city super-

arket, the other 2 purchased directly from 2 different producers in

he Modena territories. The fresh rinds taken from 3 Crimson sweet

atermelons, about 2 cm thick, have been rinsed and cleaned, care-

ully eliminating both the pulp with the red fiber, and the green ex-

ernal cuticle having a nearly woody-like consistency, whose thickness

as about 3–4 mm. For this study, we took a fraction of peel from

ach watermelon, cutting the slices obliquely from the stalk to the bot-

om, to obtain greater representativeness especially in the rinds thick-

ess. Subsequently, the peeled rinds were cut into pieces approximately

 × 5 × 1.5 cm in size for the candying process. 

For the candying of the white mesocarp, we have identified 2 alter-

ative very slow osmotic procedures (lasting 24 weeks) at room temper-

ture, which we indicate WET and DRY, and which are very different

rom industrial-type processes. In this regard, we remind that industrial

rocesses are generally carried out either at hot or at low temperature,

y boiling or dipping the fruits in syrupy solutions at fixed glucides

oncentrations ( Deiana et al., 2019 ). Our methods do not use sugar so-

utions, as we have not added the solvent. Conversely, the solutions in

ur samples were slowly formed by the extraction of water from the

kins, due to the osmotic effect. Finally, industrial products undergo a

rying / dehydration process under vacuum to remove excess water. 

The pieces of rinds (about 1 kg) were immersed and layered in a

ed of solid sucrose in a rectangular glass container [dimensions 32

length) x 16 (width) x 8 (depth) cm] until completely filled (mass ra-

io rinds : sucrose = 1 : 1). The containers were covered with a steel

late onto which weights equivalent to 2 kg were loaded to exert a con-

tant pressure. The system was then covered with a plexiglass cloche

o avoid equilibrium exchange with external atmospheric oxygen. The

ataset provided in this study is related to fruits collected in the Modena

erritory and processed in the year 2020. 

WET process : the glass container was placed in a horizontal posi-

ion and maintained in this initial condition for the entire duration of

he candying process ( Fig. 1 ). This way, the rinds always remained in

ontact with the concentrated sucrose solution that was slowly formed

s the osmosis process contributes to remove the water from the peels

hemselves. 

DRY process: the container was inclined to a suitable extent to al-

ow the major part of the saccharide solution to constantly drain into

nother external collection pan ( Fig. 1 ). The rinds have undergone a

articularly stressful and effective dehydration process, in the absence

f continuous contact with the exceeding preserving liquid, the physio-

ogical solution generated autonomously. In this way, the rinds remain

n contact only with a very small fraction of the concentrated and satu-

ated solution. Therefore, they remain strongly impregnated with thick
2 
nd viscous saccharide solution, with the result that the final product is

articularly dehydrated and scarcely dripping. 

Once the candying cycle was completed, the rinds were collected

nd placed in jars with their residual contact solution, highly sugary,

ense, with a honey-like consistency, for the tests necessary to evaluate

he qualitative and aromatic characteristics of the final product. 

.2. Materials 

The dichloromethane used is an analytical grade Sigma-Aldrich

roduct for HPLC and GC chromatography, distributed by Merck KGaA,

armstadt, Germany. Others chemicals such as: 2-methyl-1-propanol;

-methyl-1-butanol; 2-ethyl-1-hexanol; phenylethyl alcohol; 3-methy-l-

utanal; ethyl butanoate; ethyl hexanoate; 3-hydroxy-2-butanone (ace-

oin); 𝛽-pinene; 𝛽-Caryophyllene and limonene were obtained from

igma – Aldrich product, distributed by Merck KGaA, Darmstadt, Ger-

any. Decanal; methyl acetate; 2-methylfuran and 2-ethylfuran were

btained from Carlo Erba Reagents, Milano (Italy). n-hexane, nonane,

odecane, tetradecane and hexadecane, obtained from Carlo Erba

eagents, Milano (Italy), have been injected both for the for the identi-

cation of analytes through the mass spectra and for the calculation of

he Linear Retention Index (LRI). 

A Solid Phase Micro-Extraction (SPME) holder (Supelco Inc., Belle-

onte, PA, USA) was used to manually perform the SPME headspace (HS)

nalysis. The SPME device consists of a fused silica fiber coated with

arbowax/Divinylbenzene/ Polydimethylsiloxane (CW/DVB/PDMSO).

he triple fiber covering material CW/DVB/PDMSO is a mixed coating

hat contains a liquid polymer, a semi-solid polymer and solid parti-

les. This type of coating is highly performing as it combines both the

bsorption and adsorption properties of the different coating particles

ith a synergistic effect. This multiple effect facilitates the balance of

nalyte distribution between the stationary phase and the gas phase in

he headspace, promoting the retention capacity and improving the sen-

itivity of the multiple-coated fiber compared to other types of similar

evices. Furthermore, given the characteristics of different polarity of

he 3 constituents of the coating, the fiber seems suitable for the capture

f analytes with significantly different molecular properties and dimen-

ions, resulting adequate for the characterization of complex matrices

s in this case ( Roberts et al., 2000 ; Song et al., 1998 ). 

The candying experiment was conducted in single, preparing only

ne candying batch for the two methods. The reproducibility of the ex-

erimental data is established on the basis of the replicas obtained from

ifferent vials, containing samples collected in different points of the

andying tank. 

.3. HS-SPME analysis 

Initially, a set of specimens was prepared consisting of a freshly

hredded mesocarp sample, representative of the material subjected to

andying process. The rinds were quickly ground with a mixer, obtain-

ng a rather coarse and relatively dry pomace, therefore without signif-

cant losses of endogenous liquids. 

Each sample consists of 10 ± 1 g of pomace, introduced in 20 mL

ials which corresponds to a solid phase to headspace volume ratio of

0.5, and sealed tightly with Teflon / silicone septa. The vials thus

repared were processed as follows in order to verify the compositional

haracteristics of the matrix with reference to the volatile aromatic frac-

ion. 

Some vials have been loaded with 7 mL of CH 2 Cl 2 to facilitate the

xtraction of any soluble and easily volatilizable compounds from this

hase. Other vials were added with 7 mL of supersaturated NaCl solu-

ion to favor the effect of displacement from the pomace and relative

alting out of the volatile compounds. Reproducibility of experimental

rocedures have been established working with at least three replicates

amples of the same matrix and making many different measures for

ach vial. 

http://www.indexbox.io
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All the samples, regardless of the manipulations undergone, were

onicated for 30 min in a thermostated bath at 40.0 ± 0.1 °C to favor the

ransfer of volatile compounds from the matrix to the headspace. After

his step, the SPME fiber was manually inserted into the headspace of

he sample vial thermostated at 40.0 ± 0.1 °C, with exposure to volatile

ompounds for 15 min. 

Some blank tests, corresponding to the analysis of an external stan-

ard solution containing 1-decanol (conc. 150 μg/g ethanolic solution)

ere performed periodically after a certain number of chromatographic

uns (5) relating to real samples. All measurements were performed in

t least 3 replicates for each sample/vial. 

The candied rinds obtained according to the 2 methods previously

escribed (WET and DRY) were drained of their syrup until the dripping

isappeared. The samples then obtained were prepared and analyzed

ollowing the same procedures described above for the fresh peels. How-

ver, a more homogeneous pomace after grinding was obtained from

andied rinds due to its softer consistency compared to fresh rinds which

ere relatively hard. 

.4. GC-MS analysis 

The liquid dichloromethane extracts and the volatile compounds des-

rbed from the SPME fiber were analyzed in GC – MS, Agilent Tech-

ologies 6890 N Network gas chromatograph. The GC was equipped

ith a 60 m x 0.25 mm i.d., 1.00 μm film thickness, DB-5MS UI capil-

ary column (J&W Scientific, Folsom, CA, USA) connected to an Agilent

973 mass spectrometer. The SPME injections were performed in split-

ess mode and the temperature of the injector was setted at 250 °C. 

Some specific chromatographic conditions were used: 

i) for CH 2 Cl 2 liquid extracts (0.5 𝜇l) were injected in the injection port

lined with a splitless glass liner. The detector started to operate after

8 min of injection (solvent delay); 

ii) for SPME samples, the injection port was lined with a splitless glass

liner. 

The fiber was introduced into the injector for 15 min. The detector

tarted operate immediate after injection. The oven temperature was

rogrammed from 40 to 250 °C with a scan rate of 10 °C / min up to

60 °C, and 8 °C/min up to 250 °C, while the transfer line was heated

o 270 °C. The carrier gas (He) was fluxed at 1 mL/min, with a column

ead pressure of 15 psi. 

The mass spectrometer was used in electron impact mode at 70 eV,

canning the range m/z 25–300 and in full scan acquisition mode. The

dentification of volatile compounds was obtained from comparison of

he retention times of the GC, by comparing the mass spectra with litera-

ure, with those of the libraries supplied with the operating system of the

C-MS (NIST14/NIST05/WILEY275/NBS75K), National Institute for

tandards and Technology (NIST database https://webbook.nist.gov ),

ass Bank of North America ( https://mona.fiehnlab.ucdavis.edu ), and

pectra of pure standard compounds (when available). 

The estimation of concentrations for all compounds identified in the

PME analysis was carried out by comparing the GC peak area, ex-

ressed as total peak ion current. All the data shown in the tables relate

o values obtained from analysis performed at least in triplicate. The

eproducibility of the results was expressed as standard deviation in the

ables. 

.5. Metals content 

The ashes obtained by incineration of the samples, about 100–

50 mg, were directly solubilized in a volumetric flask with 5 mL of

NO 3 65% (Suprapure, Merck; Darmstadt, Germany) and 5 mL of deion-

zed water (from a Milli-Q Plus, Millipore system; Burligton, MA, USA);

 clear solution was immediately obtained. Afterwards, final volume

as adjusted up to 50 mL with deionized water. The final solutions are
3 
erfectly clear and apparently colorless, stable over time, and we have

ever observed the formation of turbidity or precipitates. 

Along with a batch of 9 samples (3 original ones, each of which repli-

ated 3 times), a blank was also prepared in the same way. Quantifica-

ion of selected metals was done using the ICP-OES spectrophotometer

erkin Elmer - Optima 4200 DV ( Baraldi et al., 2020 ). The spectropho-

ometer is equipped with an ultrasonic nebulizer (Cetac Technologies

nc.; Omaha, NE, USA) and Charge-Coupled Device (CCD) area detec-

or complete the instrumental setup. Working Merck ICP standards for

ested metals were prepared from stock solutions (1000 mg/L). Opti-

um analytical conditions maintained on ICP spectrophotometer have

een reported in our recent paper ( Durante et al., 2021 ). 

.6. Other determinations 

The UV-vis spectrophotometric determination (Jasco V-570

V/VIS/NIR spectrophotometer, JASCO Corporation, Tokyo, Japan) of

hosphate is based on the molybdenum-blue chemistry, recording the

bsorbance at 880 nm. Ascorbic acid is the common reductant in the

anual analysis of phosphate ( Ben Mussa et al., 2009 ; Hassan et al.,

022 ). 

Estimation of total sugar content in our samples was carried

ut using Fehling’s solution reagents as described in the literature

 Ranganna, 1986 ). For easiness of interpretation and comparison be-

ween different samples, we expressed all the results as sucrose equiva-

ents. 

The water content was measured in two steps. At first, the samples

ere dried at 101 °C, eliminating all the free water and mechanical

ssorbed/adsorbed water on the matrix. This fraction represents the

argest amount. Subsequently, the samples were heated to 105 °C to also

liminate the contribution due to water strongly bound to the fraction

f inorganic compounds (water of crystallization = residual moisture at

01 °C). 

Water activity hygrometer LabSwift-aw (Novasina, Switzerland) was

sed to determine the a w of the fresh and candied watermelon rinds at

oom temperature. 

.7. Statistical analysis 

Experimental data were compared by applying analysis of variance

one-way ANOVA), by running in the Matlab® 2019b environment (The

athworks Inc., Natick, MA, USA). The level of significance was deter-

ined at p < 0.05 to see whether there are statistical differences between

he mean values. 

.8. Sensory evaluation 

Sensory evaluation of the different samples was performed using

 parameters (appearance, mouth feel, after taste, aroma, pungency,

weetness, sourness, overall sensory score) and 7 levels hedonic scale

o compare the degree of acceptability of FRESH watermelon rinds and

he candied ones obtained by applying the two alternative WET and

RY methodologies. The 7 levels were denoted as: 1 = extremely dis-

ike; 2 = slightly dislike; 3 = moderately dislike; 4 = neither like or

islike; 5 = moderately like; 6 = slightly like; 7 = extremely like. A to-

al of 30 panelists consisting of untrained or semi-trained people, such

s students, technicians, maintainers and teachers of our Department,

articipated in sensory evaluation. 

The people engaged in this activity for an acceptability test, are

qually distributed between males and females, are aged between 21

nd 65 years, constitute a small group that, even if limited, represents

n average population of various cultural backgrounds, able to perceive

ifferent aromatic and gustatory sensations, and able to express a critical

udgment according to the suggested indexes and 7-point hedonic scale.

 group of 30 panelists is probably adequate for the minimal aims of

https://webbook.nist.gov
https://mona.fiehnlab.ucdavis.edu
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Table 1 

Some selected analytical parameters ∗ of some samples obtained from the starting material (FRESH rinds of Crimson sweet watermelon) and candied products from 

different procedures (WET and DRY). 

FRESH rinds WET candied DRY candied 

water content% 94.5 ± 0.4 53.1 ± 0.5 28.2 ± 0.4 

water activity - a W 0.985 ± 0.003 0.875 ± 0.002 0.641 ± 0.002 

moisture% at 101 °C 0.42 ± 0.04 1.28 ± 0.03 1.27 ± 0.04 

residue% at 105 °C (db) 5.4 ± 0.5 46.7 ± 0.4 71.5 ± 0.5 

ashes% (db) 1.20 ± 0.03 1.01 ± 0.03 0.97 ± 0.03 
# total soluble glucides% (db) 0.2 ± 0.1 32.6 ± 1.2 49.8 ± 1.4 

Metal content, expressed as mg/100 g sample db (dry basis) 

K 2766 ± 75 

2998 – 3065 

2675 ± 59 2721 ± 62 

Ca 264 ± 29 

353 – 372 

216 ± 15 236 ± 34 

PO 4 
3 − 815 ± 32 

972 - 1006 

802 ± 20 807 ± 13 

Mg 195 ± 18 

181.6 – 234.9 

185 ± 16 192 ± 25 

Na 17 ± 5 
21.3 – 26.2 

12 ± 6 10 ± 7 

Cu 0.25 ± 0.08 

0.43 – 0.28 

0.27 ± 0.09 0.20 ± 0.07 

Fe 2.07 ± 0.04 

2.66 – 3.07 

2.04 ± 0.05 2.40 ± 0.05 

Mn 1.33 ± 0.05 

1.02 – 1.42 

1.38 ± 0.06 1.35 ± 0.08 

Zn 2.26 ± 0.06 

1.97 – 1.34 

2.15 ± 0.06 2.69 ± 0.08 

∗ mean of three replicates and uncertainties expressed as standard deviation, s (3) . 
# total content of soluble glucides % was expressed as saccharose %.Values in italic characters were taken from Tufeanu et al. (2017) . 
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his work, as the main goal is unrelated to a market survey but rather to

valuate the acceptability characteristics of the new candied products. 

Each panelist, completely unaware about the nature of the samples

o be tasted, received three anonymized specimens: i) FRESH rind, easily

dentifiable because very different from the candied ones, but unrecog-

izable the origin and the cultivar; ii) two samples, WET and DRY can-

ied rinds, coded by a letter and two-digit random number to avoid bias.

n addition, bread and water to rinse the palate before or in the middle

f the evaluation procedure have been provided. All variables, factors

nd parameters needed to perform these assessments were considered

nweighted and all equally balanced (seven-level hedonistic represen-

ation, as defined above). 

. Results and discussion 

The industrial candying processes carried out by osmotic dehydra-

ion, require that the water content of the fruits is reduced while the

ugar content is gradually brought to about 70–75 °Brix. In these cases,

he fresh fruits cut into pieces are firstly soaked in sugar syrup, working

n batch systems, at temperatures in the range of 30–80 °C. At the end

f the candying cycle, the product is then semi-dried, up to the residual

ater content comprised, on average, in the range of 15–20% (w/w).

n addition, industrial processes are much faster than our conditioning

ime (24 weeks) set to obtain the final product, as they reach the candy-

ng goal in the short period of 1–2 week ( Bonazzi and Dumoulin, 2011 ).

ince the chopped material was immersed in granular solid sugar, the

andying solution was slowly formed as the dehydration process pro-

eeds. We also have chosen to work at room temperature for the entire

uration of the process, avoiding thermal stress on the rinds. 

Fig. 2 shows the initial state of the fresh mesocarp and the final re-

ult of the candying process carried out according to the previously il-

ustrated WET and DRY methods. 

Table 1 shows some analytical data relating to the fresh material and

he finished products obtained from the two different candying proce-

ures. 

The water content ( AOAC, 1990 ) measured on fresh rinds is perfectly

ligned with the general trend of literature ( Chakrabarty et al., 2020 ;
4 
omelle et al., 2016 ). Conversely, our candied products have a water

ontent ( ∼ 53% WET, and ∼ 28% DRY) that is far from the average

alues of industrially produced candied fruit, which are estimated on

verage around 15–20% ( USDA, 2011 ). Furthermore, the WET candied

ontains ∼ 90% more water than the DRY type. 

To this respect, industrial candied seem really dry to the touch, ap-

arently stiff and rigid, while those obtained from this work are very

oist, relatively soft and elastic. The consistency of our samples could

e on the borderline between that of industrially dry candied products

nd cooked fruit in syrup drowned in its own liquid. However, let’s re-

ember that even with a water content of about 53% for wet candied,

he stability of our product is ensured by a high content of soluble com-

ounds that increase osmotic pressure, preventing bacterial and mold

rowth. 

The residual moisture at 101 °C is eliminated by heating the previ-

usly dried sample up to 105 °C. The obtained values seem stabilized

t around 1.27–1.28% for our candied products. This type of moisture

epresents the amount of strictly bounded water, mainly coordinated to

he cationic metals and inorganic compounds present in the matrix. In

act, if the data are associated with the ash content (1.01% and 0.97%

or WET and DRY, respectively), it is evident that there is a relation be-

ween them. Only the double measurement at 101 and 105 °C allows to

uantify the water fraction strongly bound to the matrix. 

As regards the values of a W 

, we observe that the DRY sample

 a W 

= 0.641) is perfectly aligned with the literature data that establish

dequate levels of food safety ( a W 

≤ 0.78) and product stability against

he onset of bacterial growth. The WET sample ( a W 

= 0.875) is placed

t the limit of the variability domain of a W 

to have shelf life stability

f products intended for long storage periods ( a W 

≤ 0.88). However,

lso in this case the saturation with crystalline sucrose leads to osmotic

ressure effects incompatible with the proliferation of undesired species,

uaranteeing stability and food safety for the product 

The dry residue at 105 °C consists of all the non-volatile components

resent in the sample. The DRY candied product, with a lower water

ontent, has a dry residue value that exceeds the equivalent WET can-

ied fruit by 53%. 
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As regards the content of total soluble saccharides, expressed as su-

rose, we pass from a not very significant content in the FRESH material

 ∼ 0.2% wet basis), to increasing values for the candied products WET

 ∼ 32%) and DRY ( ∼ 50%). Noteworthy is the fact that industrial can-

ied fruits have a total sugars content between 70 and 90%, while the

eference value of about 81% is reported by the Agricultural Research

ervice ( USDA, 2011 ). The high% sugar values in industrial candied

ruits are reached as the last stage of the production method consists of

 vacuum drying step of the residual syrup. The glucidic content of can-

ied fruit is a stabilizing factor, which allows it to be stored for a long

ime, but which makes it unsuitable for diabetics and obese people. We

re fully aware that the strategy of using sweets as a form of enjoyment

s not the best one, as sugar consumption is increasingly discouraged,

specially in Western countries where obesity is a fairly widespread and

mpactful pathology. However, for the products we obtained with this

ome-made experiment, the reduced sugar content certainly helps to

imit risk factors and health damage. 

Table 1 also shows data relating to some metal content of macro-

nd micro-constituents, in addition to the quantity of phosphorus deter-

ined as PO 4 
3 − , i.e. the most significant components of the inorganic

raction, the ashes. Potassium is the most abundant analyte for all the

amples. For FRESH rinds, our results (2766 mg/100 g db) differ to some

xtent from those reported by Tufeanu et al. (2017) . These researchers

ave obtained very interesting results comparing two techniques of sam-

le drying, vacuum freeze-drying and oven heating. For the sake of com-

leteness, their results are reported, in italic characters, as an interval

lso in Table 1 , taking into account that the first value relates to cryo-

echnique while the second to hot drying. Obviously, the cold technique

s respectful of the composition of the rinds as it maintains the bioactive

ngredients such as vitamins and other compounds which, in turn, being

hermolabile are lost by applying the hot technique. 

In addition to the above considerations, we observe that the K con-

ent does not vary significantly for both candied samples. The same

rend is valid for the other main components Ca, PO 4 
3 − , Mg and Na.

imilarly, a good agreement is also observed for the microelements Cu,

e, Mn and Zn. The presence and quantification of metals could rep-

esent a discriminating element, or a traceability marker, to identify

he origin and provenance of the raw material, as well as the manu-

acturing processes. Since the two WET and DRY methods proposed in

his work are quite different, it was expected that the candying process

aused differences in the metal content of the samples. In fact, the DRY

ample continuously loses the saturated solution that forms in the can-

ying tank, probably thus eliminating even in part the soluble inorganic

ompounds. However, the experimental values of Table 1 seem quite

table regardless of the candying process undergone by the sample, and

re also aligned with the trend of the values related to the FRESH

inds. 

It is common opinion that watermelon rinds, as well as many other

ucurbitaceae fruits, are a rather ’hard and poor’ natural matrix, since at

rst glance they are considered inedible, scarce in bioactive principles

nd of little or no nutritional value. In fact, the compact appearance

nd natural hardness of this material seems more suitable to protect the

dible internal fraction than to suggest alternative use. 

Also the organoleptic aspects do not make it particularly palatable,

s it is weakly perfumed and therefore very poor in volatile and gus-

atory aromas. The combination of all these not particularly pleasant

haracteristics contribute to make it a real waste material. However,

ven if poor in volatile compounds, for completeness of information,

he fresh mesocarp was also analyzed in this work. Most of the studies

eported in the literature are related to the aroma of the edible frac-

ion, which expresses the best qualities of the fruit. Contrary to the case

f watermelon cultivars in which exocarp (rinds) and mesocarp do not

ommunicate any olfactory information to the consumer, the other large

amily of Cucurbitaceae represented by melons, excluding the Inodorous

roup, releases aromas and fragrances that are extremely important for
a

5 
he attractiveness of the product ( Portnoy et al., 2008 ; Esteras et al.,

020 ). 

Before describing the results obtained with the HS-SPME analysis, it

s necessary to remember that the samples extracted with CH 2 Cl 2 as a

olvent, introduced into the GC-MS system did not produce any signal

ther than the solvent itself. This fact denotes the total lack of analytes

oluble in CH 2 Cl 2 for all the samples, although several attempts have

een made with ultrasound and microwave techniques, to displace in

olution at least some particularly resistant compound. 

On the other hand, this evidence is not quite unexpected, being

H 2 Cl 2 a moderately dipolar solvent with little affinity for polar and

ydroxylated compounds, especially due to its low solvating power and

odest ability to form hydrogen bonding networks. 

Fig. 3 shows the HS-SPME chromatogram obtained from a mesocarp

ample freshly grinded, manipulated as illustrated in Section 2.3 , and

mmediately processed with the GC-MS instrumentation. 

Table 2 collects the descriptive elements of the chromatogram of

ig. 3 . As can be seen, 32 analytes have been identified, which are based

n as many peaks, among which the class of alcohols predominates (11

LC) with a relative amount of 51.8% of the total area evaluated as the

otal ionic current (TIC) of the selected peaks in the chromatogram. This

lass is followed by the group of terpene compounds (12 TER) with the

5.6%, acetic acid-methyl ester as the only non-acetate ester (1 NAE;

2.9%), ketones (2 KET) with a total amount of 9.4%, alkanes (1 AHA;

.2%) and, finally, aldehydes (3 ALD) and other compounds (2 OTH)

hat are present in a quantity equivalent to 2.0% and 6.1%, respectively.

Tables 2–4 show the peak area expressed as Total Ion Current (TIC)

nstead of the relative area%. This choice is justified considering that

he HS compositions of these samples are quite diverse owing to the

ifferent matrices compared. 

The specific literature seems rather poor in information regarding

he volatile aromatic fraction (VOCs) of this fresh material. However,

n a very recent study, Ramirez et al. (2020 , 2021 ) agreed with us

bout the presence of a relevant number of volatile components as re-

orted in Table 2 . Among the analytes listed in the table, the class of

erpene compounds arouses great interest. These molecules, some of

hich are displayed in Scheme 1 , are generally identified in most plant

pecies as they play different roles in nature and, in particular, they seem

o be mainly engaged in developing communication signaling and de-

ense capabilities against herbivores, insects, aphids and other parasites

 Maruyama et al., 2001 ). 

Apart from the aroma expressed on the outside of the fruit for culti-

ars having this characteristic, the physiological role and phylogenetic

unction of the sesquiterpenes present in the peel/rind of Cucurbitaceae

ave not yet been completely understood. Nevertheless, the results ob-

ained by other researchers ( Portnoy et al., 2008 ) are very interesting.

orking with some cultivars of melons, they have shown that the group

f sesquiterpenes is present only in the outer layers of the fruit. In fact,

he enzymatic activity of the sesquiterpene-synthases is detectable only

n cell extracts derived from the peel and not from the endocarp. In ad-

ition, this enzymatic activity in melons is completely lacking in young

nd unripe fruits, while it develops starting from the ripening stage and

n fruits ready for harvest. 

Fig. 4 shows the HS-SPME-GC-MS chromatogram of a sample of can-

ied mesocarp (WET procedure) and Table 3 reports the descriptive el-

ments. 

In particular, 28 analytes have been identified, which are based on

s many peaks, among which the class of alcohols predominates (8 ALC)

ith a relative amount of 41.3% of the total area computed as the total

onic current of the selected peaks in the chromatogram. The ALC group

s followed by the class of acetate esters (3 ACE) that are present in a

uantity equal to 38.3%, organic acids (1 ACD), the only one of which

s acetic acid with 8.3%, 3-hydroxy-2-butanone as the only ketone (1

ET, 3.8%), limonene (1 TER; 3.0%), non-acetate esters (8 NAE; 2.9%)

nd, finally, aldehydes (5 ALD) and other compounds (1 OTH) present

t 1.7% and 0.6%, respectively. 
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Table 2 

Composition of the volatile fraction of FRESH watermelon rinds, identified by HS-SPME-GC-MS analysis; substances grouped by chemical classes. 

Peak n° LRI Analyte Identification # Aroma Area x 10 − 6 REF 

Alcanes 

13 988 nonane A, B, C waxy 3.19 ± 0.58 

Alcohols 

3 646 2-methyl-1-propanol A, B, C ethereal 3.57 ± 0.34 

7 794 3-methyl-1-butanol A, B, C winey, fruity 15.2 ± 1.3 

8 799 2-methyl-1-butanol A, B winey, fruity 7.12 ± 0.62 Ramirez et al. (2020 , 2021 ) 

9 834 1-pentanol A, B fruity, buttery 3.72 ± 0.32 Ramirez et al. ,2020 , 2021 ) 

10 850 2,3-butanediol A, B green, leafy 13.1 ± 1.1 

11 941 3-hexen-1-ol A, B green, flowery 15.5 ± 1.3 ( Ramirez et al., 2020 , 2021 ) 

12 952 1-hexanol A, B fruity, alcoholic 9.92 ± 0.83 Ramirez et al. (2020 , 2021 ) 

14 1065 phenol A, B pungent 4.19 ± 0.35 

18 1116 2-ethyl-hexanol A, B, C citrus, fresh 0.896 ± 0.070 Ramirez et al. (2020 , 2021 ) 

19 1137 benzyl alcohol A, B floral, fruity 0.678 ± 0.060 

21 1216 phenylethyl alcohol A, B, C floral, sweet 1.09 ± 0.09 

Aldehydes 

4 692 3-methyl-butanal A, B, C fruity, cocoa 1.21 ± 0.30 Esteras et al. (2020) , 

Ramirez et al. (2020 , 2021 ) 

20 1160 3,7-Dimethyl-2,6-octadienal A, B fresh, lemon 0.432 ± 0.110 

22 1283 decanal A, B, C citrus, melon 1.25 ± 0.31 Ramirez et al. (2020 , 2021 ) 

Esters 

1 506 methyl acetate A, B, C ethereal, winey 18.6 ± 3.0 

Ketones 

6 761 3 ‑hydroxy-2-butanone (acetoin) A, B, C acid, yogurt 11.7 ± 2.9 

15 1074 6-methyl-5-hepten-2-one A, B citrus, fruity 1.97 ± 0.51 Esteras et al. (2020) , 

Ramirez et al. (2020 , 2021 ) 

Terpenoids 

16 1081 𝛽-myrcene A, B spicy, peppery 1.03 ± 0.18 Ramirez et al. (2020 , 2021 ), 

Vella et al. (2020) 

17 1093 𝛽-pinene A, B, C fresh, pine, 0.396 ± 0.070 Vella et al. (2020) 

23 1428 𝛼-cubebene A, B herbal, 0.458 ± 0.0.80 Vella et al. (2020) 

24 1460 𝛼-copaene A, B spicy, honey 0.792 ± 0.138 Portnoy et al. (2008) , 

Esteras et al. (2020) , 

Vella et al. (2020) 

25 1463 𝛼-elemene A, B herbal, fresh 8.02 ± 1.44 Portnoy et al. (2008) , 

Vella et al. (2020) 

26 1472 𝛼-Gurjunene A, B woody, balsamic 2.26 ± 0.41 Portnoy et al.(2008 ) 

27 1492 𝛽-cadinene A, B green, woody 1.77 ± 0.32 

28 1506 𝛽-Caryophyllene A, B, C sweet, spicy 2.56 ± 0.46 Portnoy et al. (2008) , 

Esteras et al. (2020) , 

Vella et al. (2020) 

29 1539 Aromadendrene A, B woody 1.63 ± 0.29 Portnoy et al. (2008) , 

Vella et al. (2020) 

30 1554 𝛼-muurolene A, B woody 0.871 ± 0.160 

31 1569 𝛿-cadinene A, B herbal, woody 2.19 ± 0.39 Portnoy et al. (2008) 

32 1577 calamenene A, B herbal, spicy 0.529 ± 0.090 

Others 

2 627 2-methyl-furan A, B, C ethereal 4.49 ± 2.12 

5 752 2-ethyl-furan A, B, C sweet, malty 4.35 ± 2.07 Ramirez et al. (2020 , 2021 ) 

# The identification is indicated by: (A) mass spectral data of the libraries supplied with the operating system of the GC-Ms and from mass spectra databases; (B) 

mass spectra found in the literature; (C) mass spectra and retention time of an injected standard. 
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The most significant compound of this chromatogram is represented

y ethanol (37.0%) and ethyl acetate (36.4%) in quantities greater than

ny other analyte. The sum of these two components is approximately

3% of the volatile fraction. Evidently, the extraction of the vegetation

ater from the rind favors the alcoholic fermentation of the physiolog-

cal solution which is gradually formed, while the osmotic equilibrium

etween the saccharide solution penetrating the skin tissues and the liq-

id phase itself is stabilized. Acetic acid is the third component of the

OCs fraction with 8.4% which probably derives from the subsequent

xidation stage of ethanol. Conversely, terpene compounds are almost

o longer detected in candied fruit. Probably their thermodynamic sta-

ility could be compromised by the candying procedure since the pres-

nce of atmospheric oxygen under the plexiglass cloche still guarantees

xidizing conditions for the entire duration of the process. 

Fig. 5 shows the HS-SPME-GC-MS chromatogram of a sample of can-

ied mesocarp from Crimson sweet (DRY procedure) and in Table 4 the

escriptive elements of the same profile are collected. 
i  

6 
In this case, 29 analytes have been individuated, based on as many

eaks, among which the class of alcohols predominates (13 ALC) with

 relative amount of 55.3% of the total area evaluated as the total ionic

urrent of the selected peaks in the chromatogram. Acetic acid is the

nly one belonging to the class of organic acids (ACD; 17.6%), followed

y acetate esters (2 ACE) with a total amount of 16.7%, non-acetate

sters (2 NAE) present at 4.4%, ketones (3 KET) at 3.1% and, finally,

ldehydes (5 ALD), alkanes (1 AHA) and other compounds (2 OTH) in

 quantity equivalent to 0.9%, < 0.1% and 1.9%, respectively. 

The DRY candying method leads to the formation of ethanol at about

2.8% ( + 16% compared to the WET condition, ≈ 37%), while ethyl

cetate reaches 16.6% (about - 54% compared to the WET procedure,

qual to 36.4%). These strongly aromatic compounds describe about

9% of the VOCs fraction, while acetic acid represents ≈ 17.6% ( +
10% compared to WET sample, ≈ 8.4%). From the comparison with

he similar results obtained by the WET procedure, it can be concluded

hat ethanolic fermentation is guaranteed in both experimental candy-

ng conditions. However, the constant elimination of the syrupy solution
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Table 3 

Composition of volatile fraction of WET candied watermelon rinds; substances identified by HS-SPME-GC-MS analysis, grouped by chemical classes. 

Peak n° LRI Analyte Identification # Aroma Area x 10 − 7 REF 

Acids 

2 611 acetic acid A, B sour, pungent 59.1 ± 6.4 

Alcohols 

1 425 ethanol A, B alcoholic 261 ± 23 Ramirez et al. (2020 , 2021 ) 

6 793 3-methyl-1-butanol A, B, C winey, fruity 12.3 ± 1.1 

7 798 2-methyl-1-butanol A, B winey, fruity 8.07 ± 0.69 Ramirez et al. (2020 , 2021 ) 

13 940 3-hexen-1-ol A, B green, leafy 1.16 ± 0.11 Ramirez et al. (2020 , 2021 ) 

14 950 1-hexanol A, B green, flowery 2.12 ± 0.18 Ramirez et al. (2020 , 2021 ) 

19 1067 1-octen-3-ol A, B mushroom 0.515 ± 0.045 

23 1142 5-nonanol A, B 1.62 ± 0.14 

24 1213 phenyl-ethyl alcohol A, B, C floral, sweet 4.41 ± 0.38 

Aldehydes 

10 878 hexanal A, B grass, green 3.08 ± 0.72 Esteras et al. (2020) , 

Ramirez et al. (2020 , 2021 ) 

12 919 furan-2-carbaldehyde (furfural) A, B woody, almond 7.42 ± 1.74 

17 990 heptanal A, B fresh, herbal 0.292 ± 0.069 Esteras et al. (2020) , 

Ramirez et al. (2020 , 2021 ) 

18 1050 2-heptenal A, B green, fatty 0.586 ± 0.131 Esteras et al. (2020) , 

Ramirez et al. (2020 , 2021 ) 

21 1092 octanal A, B waxy, citrus, 0.678 ± 0.157 Esteras et al. (2020) , 

Ramirez et al. (2020 , 2021 ) 

Esters 

3 624 ethyl acetate A, B fruity, sweet 257 ± 22 Esteras et al. (2020) , 

Ramirez et al. (2020 , 2021 ) 

8 840 2-methylpropyl acetate A, B sweet, fruity 3.84 ± 0.33 

9 872 ethyl butanoate A, B, C fruity 5.32 ± 0.92 

11 888 ethyl-2 ‑hydroxy-propanoate A, B Fruit, acidic 10.2 ± 1.8 

15 957 3-methyl-1-butanol acetate A, B sweet, fruity 9.46 ± 0.81 

16 982 ethyl pentanoate A, B apple, green 0.425 ± 0.073 

20 1080 ethyl hexanoate A, B, C fruity green 2.93 ± 0.50 Esteras et al. (2020) 

25 1242 diethyl succinate A, B fruity, sweet 0.393 ± 0.068 

26 1263 ethyl octanoate A, B fruity, waxy 0.788 ± 0.136 Esteras et al. (2020) 

27 1349 ethyl nonanoate A, B waxy, winey 0.210 ± 0.036 

28 1432 ethyl decanoate A, B fruity, apple 0.118 ± 0.020 

Ketones 

4 760 3 ‑hydroxy-2-butanone (acetoin) A, B, C acid, yogurt, 27.1 ± 7.2 

Terpenoids 

22 1133 limonene A, B, C citrus, fresh 20.9 ± 4.2 

Others 

5 784 2,4,5-trimethyl-1,3-dioxolane A, B, C green, earthy 4.45 ± 2.96 

# The identification is indicated by: (A) mass spectral data of the libraries supplied with the operating system of the GC-Ms and from mass spectra databases; (B) 

mass spectra found in the literature; (C) mass spectra and retention time of an injected standard. 
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uring DRY process reduces the reactivity of acetic acid and ethanol,

hich are converted more slowly to ethyl acetate. 

Again, the presence of terpenoid compounds is considerably reduced

n the WET sample (3.0% of VOCs) if compared to the fresh material

15.6%), until total disappearance in the DRY specimen. Table 5 sum-

arizes the results obtained from the HS-SPME-GC-MS analysis for the

ifferent samples of Crimson sweet watermelon rinds (fresh, WET and

RY candied), represented in comparative form for the classes of com-

ounds identified. 

The final product obtained with two alternative methodologies, WET

nd DRY, contains volatile compounds that derive from very different

rigins, basically represented by three large groups of substances that

e comment as follows. 

i) VOCs typical of the fruit and probably of the selected cultivar (acids,

terpenoids and esters). For example, free organic acids are totally ab-

sent in the fresh mesocarp of the Crimson Sweet watermelon, while

they increase to about 8% in the WET product and to ≈ 17% in the

DRY one. Acetate esters are also absent in the fresh rinds, while the

contrary is true for the candied material. In fact, they reach 38% in

the WET product, while their concentration is halved to about 17%

in the case of the DRY one. Furthermore, terpenoid compounds are

present in high concentration in the selected initial matrix ( ≈ 15%),

are reduced to 3% in the WET product while they tend to zero in the

DRY one. 
7 
ii) Volatiles lost during the long osmotic treatment (furans and ter-

penoid compounds). Furans are preferably formed when the produc-

tion processes of candied fruit are thermally activated, as industri-

ally it happens. To carry out this study, we did not use heat sources.

Therefore, the absence of furan compounds in both WET and DRY

final products could be due to the choice of always working at room

temperature throughout the candying process. Regarding terpenoid

molecules, the loss of analytes due to completely natural causes is

observed. Among these causes, we can hypothesize their volatiliza-

tion or their metabolic degradation induced by particular chemical

reactions. 

ii) The third group is represented by flavoring compounds deriving

from fermentation processes (ethanol and other alcohols, esters and

acetic acid). The fraction of alcohols is definitely the largest group

(52% in fresh, 41% and 55% in WET and DRY, respectively). Given

this classification, it should be noted that some compounds may have

different origins. 

Evidently their different origin is due to enzymatic and fermentation

rocesses that work differently for the 2 candied samples. To this we can

dd that we did not start from sterile material, as the rinds were only

arefully washed and dried on a cloth and exposed to the air. 

Since the ingredients used are only rinds and solid sugar, the activity

f free water extracted from the substrate, probably plays a significant

ole in the compositional evolution of the 2 samples during the candy-

ng process. Therefore, the hypothesis that different fermentation path-
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Table 4 

Composition of volatile fraction of DRY candied watermelon rinds; substances are identified by HS-SPME-GC-MS analysis, grouped by chemical classes. 

Peak n° LRI Analyte Identification # Aroma Area x 10 − 7 REF 

Alcanes 

27 1441 tetradecane A, B, C waxy 0.183 ± 0.179 

Acids 

2 615 acetic acid A, B sour, pungent 75.7 ± 5.6 

Alcohols 

1 423 ethanol A, B alcoholic 184 ± 16 Ramirez et al. (2020 , 2021 ) 

6 793 3-methyl- 1-butanol A, B, C winey, fruity 12.8 ± 1.1 

7 798 2-methyl-1-butanol A, B winey, fruity, 7.70 ± 0.68 Ramirez et al. (2020 , 2021 ) 

8 849 2,3-butanediol A, B fruity, buttery 11.8 ± 1.0 

9 860 2,3-butanediol fruity, buttery 6.26 ± 0.55 

11 917 3-ethoxy-1-propanol A, B fruity 3.74 ± 0.33 

13 940 3-hexen-1-ol A, B green, leafy 0.584 ± 0.052 Ramirez et al. (2020 , 2021 ) 

14 950 1-hexanol A, B green, flowery 0.344 ± 0.032 Ramirez et al. (2020 , 2021 ) 

18 1114 2-ethyl-1-hexanol A, B, C citrus, sweet 0.108 ± 0.010 Ramirez et al. (2020 , 2021 ) 

19 1135 benzyl alcohol A, B floral, fruity 0.367 ± 0.033 

20 1143 1-octen-4-ol A, B fresh, yeasty 0.485 ± 0.043 

23 1213 phenylethyl alcohol A, B, C floral, sweet 7.88 ± 0.70 

29 1502 1-dodecanol A, B earthy, waxy 1.90 ± 0.17 

Aldehydes 

12 918 furan-2-carbaldehyde (furfural) A, B woody, almond 3.05 ± 0.68 

17 1093 octanal A, B waxy, citrus 0.123 ± 0.027 Esteras et al. (2020) , ( Ramirez et al. (2020 , 2021 ) 

21 1148 benzeneacetaldehyde A, B floral, honey 0.175 ± 0.039 

22 1189 nonanal A, B waxy, green 0.308 ± 0.068 Ramirez et al. (2020 , 2021 ) 

25 1281 decanal A, B, C citrus, melon 0.230 ± 0.051 Ramirez et al. (2020 , 2021 ) 

Esters 

3 622 ethyl acetate A, B fruity, sweet 71.2 ± 7.7 Esteras et al. (2020) , Ramirez et al. (2020 , 2021 ) 

10 888 ethyl 2 ‑hydroxy-propanoate A, B sweet, fruity 18.6 ± 2.5 

15 957 3-methyl-1-butanol acetate A, B sweet, fruity 0.586 ± 0.063 

24 1242 diethyl succinate A, B fruity 0.349 ± 0.048 

Ketones 

4 759 3 ‑hydroxy-2-butanone (acetoin) A, B, C acid, yogurt 12.4 ± 4.3 

16 1072 6-methyl-5-hepten-2-one A, B citrus, fruity 0.914 ± 0.324 Esteras et al. (2020) , ( Ramirez et al. (2020 , 2021 ) 

28 1486 6,10-dimethyl-5,9-undecadien-2-one A, B floral, fresh 0.193 ± 0.068 

Others 

5 784 2,4,5-trimethyl-1,3-dioxolane A, B herbal, woody 5.34 ± 3.65 

26 1377 2-ethylhexyl glycidyl ether A, B floral, sweet 2.64 ± 1.80 

# The identification is indicated by: (A) mass spectral data of the libraries supplied with the operating system of the GC-Ms and from mass spectra 

databases; (B) mass spectra found in the literature; (C) mass spectra and retention time of an injected standard. 

Scheme 1. Molecular structures of some volatile terpenoids identified in fresh rinds and/or candied ones from Crimson sweet watermelons. 

8 
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Fig. 1. Experimental set-up realized for WET and DRY candying methods. 

Table 5 

Compound classes identified in the HS-SPME-GC-MS analysis of the Crimson 

sweet watermelon rind: FRESH, WET and DRY candied. Data ∗ are expressed as 

mean % of each class with respect to the total normalized peak areas on the 

basis of the sum of the total peak ion current. 

Compound 

class 

FRESH WET DRY 

�̄� ± s ( 3) 𝑥 ± s ( 3) 𝑥 ± s ( 3) 

ALC 51.8 ab ± 4.3 41.3 a ± 3.6 55.3 b ± 4.9 

TER 15.6 a ± 2.8 3.0 b ± 0.6 —

NAE 12.9 a ± 2.1 2.9 b ± 0.5 4.4 b ± 0.6 

KET 9.4 a ± 2.4 3.8 b ± 1.0 3.1 b ± 1.1 

OTH 6.1 a ± 2.9 0.6 b ± 0.4 1.9 ab ± 1.3 

AHA 2.2 a ± 0.4 — 0.1 b ± 0.1 

ALD 2.0 a ± 0.5 1.7 ab ± 0.4 0.9 b ± 0.2 

ACE — 38.3 a ± 3.3 16.7 b ± 1.8 

ACD — 8.3 a ± 0.9 17.6 b ± 1.3 

∗ mean of three replicates of the chromatograms ( ± standard deviation, 

s (3) )Compound classes: ACD, acids; ACE, acetate esters; AHA, alkanes; ALC, al- 

cohols; ALD, aldehydes; KET, ketones; NAE, non-acetate esters; OTH, others; 

TER, terpenes # In a row, results with a different superscript letter indicate a sta- 

tistically significant difference between each other ( p < 0.05). 

Table 6 

Some most representative analytes obtained from HS-SPME-GC-MS for the three 

samples of Crimson sweet rinds: FRESH, WET and DRY. 

FRESH WET DRY 

�̄� ± s ( 3) �̄� ± s ( 3) �̄� ± s ( 3) 

3 ‑hydroxy-2-butanone 1.17 a ± 0.29 27.1 b ± 7.2 12.4 c ± 4.4 

3-methyl-1-butanol 1.52 a ± 0.13 12.3 b ± 1.1 12.8 b ± 1.2 

2-methyl-1-butanol 0.712 a ± 0.062 8.07 b ± 0.70 7.70 b ± 0.69 

3-hexen-1-ol 1.55 a ± 0.13 1.16 b ± 0.11 0.584 c ± 0.052 

1-hexanol 0.992 a ± 0.083 2.12 b ± 0.18 0.345 c ± 0.032 

phenylethyl alcohol 0.109 a ± 0.009 4.41 b ± 0.38 7.88 c ± 0.70 

∗ Data are expressed as TIC Area ×10 − 7 ± standard deviation, s (3). In a row, results 

with a different superscript letter indicate a statistically significant difference 

between each other ( p < 0.05). 
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ays accompanied the candying process of the 2 WET and DRY samples,

eems quite plausible. 

In Table 6 and Fig. 6 we have collected some experimental evidence

btained from this study, which we believe to be particularly signifi-

ant. For example, the two methyl-derivative isomers of 1-butanol, both

trongly flavoring compounds of pleasant perception ( Ramirez et al.,

020 , 2021 ), are present in low concentration in the initial matrix (ex-

ressed as total ion current of peak area), while they seem to develop

n equivalent quantities in the candied samples through the two differ-

nt procedures. However, the 3-methyl-1-butanol isomer seems to be

avored over the 2-methyl-1-butanol one, as its concentration increases

f about 50% in candied products. 

Instead, the case of 3-hydroxy-2-butanone (acetoin) is different: it

s scarcely present in the fresh mesocarp (1.17 × 10 + 7 ), it rises to

2.4 × 10 + 7 in the DRY candied sample, to 27.1 × 10 + 7 in the WET

ne, with an increase of about 120% with respect to the DRY form.

his molecule derives from metabolic fermentation processes of vari-
9 
us kinds, and provides a mix of pleasant aromas ranging from mildly

cidic, recalling the creamy notes of yogurt, to the pleasantness of the

ruity odor. 

The presence of acetoin seems closely related to that of 2,3-

utanediol. Both of these compounds are currently undergoing an in-

epth study, as their performance as bio-based platform chemicals is

eing evaluated ( Maina et al., 2021 ). They are considered platform com-

ounds because they are applied in a wide variety of contexts, from the

eavy chemical industry - fine and secondary, cosmetics, food, agricul-

ure, and pharmaceutical productions. 

The specimen 3-hexen-1-ol undergoes increasing depletion starting

rom the fresh peel sample (1.55 × 10 + 7 ), passing to the candied WET

orm (1.16 × 10 + 7 ), and being reduced to a minimum in the DRY one

0.584 × 10 + 7 ). This compound has a typical freshly cut green grass

roma ( Ramirez et al., 2020 , 2021 ). 

An analyte having a singular behavior is certainly 1-hexanol. In the

olatile aromatic fraction of the fresh peel it is present with a peak

rea equivalent to 0.990 × 10 + 7 , it doubles the concentration in the

ET product (2.12 × 10 + 7 ), while it halves in the DRY candied one

0.345 × 10 + 7 ). This compound contributes to the aroma with a freshly

ut grass scent, as well as a pleasant floral fragrance ( Ramirez et al.,

020 , 2021 ). 

In this examination of the experimental results, also the phenyl-ethyl

lcohol concentrations trend is represented in Fig. 6 . As can be seen, its

resence in the volatile fraction of fresh skins is minimal and limited

o 0.109 × 10 + 7 , increases up to 4.41 × 10 + 7 in the WET sample and

eaches the maximum value (7.88 × 10 + 7 ) for the DRY one, gaining ≈
 180% with respect to WET. It should be noted that it is a particularly

aluable compound in the context in which it is found. In fact, it plays a

ole as flavoring and natural antimicrobial, antiseptic, disinfectant and

reservative agent in the food industry, pharmaceutical, cosmeceutical

nd perfumery ( Boukaew et al., 2018 ). 

Furthermore, phenyl-ethyl alcohol is a typical plant metabolite that

lays a growth retarding action, it is present in the metabolic cycles

f Aspergillus as well as in the fermentative processes induced by Sac-

haromyces cerevisiae and other biocenosis ( Larroque et al., 2021 ). Its

resence ennobles the candied final product and confers a sweet aroma,

ecalling that of peach. 

.1. Sensory analysis 

For the 3 samples submitted to the panel, the elements of perceived

uality were evaluated according to the attributes: appearance (includ-

ng color, chromatic brilliance, compact or spongy consistency); gusta-

ory sensation (softness on the palate, crunchiness, pleasant taste); per-

istence after tasting (aftertaste, duration of the perceived sensation);

roma (recognizability of the product, distinguishability from substi-

utes because of fragrance uniqueness, or evocative perfumes of other

rigin); pungency (prevalence or hint of pungent aromas); sweetness

sugarness level to taste); sourness (acidity, flavor); and overall sensory

core (pleasantness, and overall acceptability of the product). 

One-way analysis of variance (ANOVA) was performed to assess

hether there is a statistically significant difference between the sensory

cores of the FRESH, WET, and DRY products. The numerical results of

he sensory evaluation of the panel test are shown in Table 7 . 

ANOVA results show how the sensory scores of the three different

roducts present, in almost all cases, a statistically significant difference

 p < 0.05) between them. The only exceptions are represented by aroma

nd overall sensory score of WET and DRY products, which achieved

omparable responses. 

The aroma is generally developed from the type of vegetable raw

aterial used in the candying process. Obviously, fruits and vegetables

ring their own typical and distinctive contributions, but the same os-

otic method, if carried out at room temperature, may favor the appear-

nce of specific analytes due to particular fermentation processes, or to

ingular chemical reactions between reactive species. A typical case is
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Table 7 

Sensory profile attributes ∗ for the 3 samples tested. 

sample attribute FRESH rinds WET candied DRY candied 

appearance 1.83 ± 0.95 a 3.97 ± 0.67 b 5.83 ± 0.65 c 

mouth feel 2.80 ± 0.92 a 5.30 ± 0.65 b 5.87 ± 0.82 c 

after taste 3.33 ± 0.71 a 5.57 ± 0.58 b 6.13 ± 0.57 c 

aroma 3.63 ± 0.49 a 6.10 ± 0.55 b 6 0.13 ± 0.57 b 

pungency 3.93 ± 0.25 a 4.57 ± 0.57 b 5.50 ± 0.63 c 

sweetness 3.83 ± 0.38 a 5.87 ± 0.35 b 6.50 ± 0.51 c 

sourness 1.43 ± 0.57 a 3.60 ± 0.56 b 4.57 ± 0.68 c 

overall sensory score 3.37 ± 0.76 a 6.07 ± 0.37 b 6.23 ± 0.63 b 

∗ The values represent the mean of the scores obtained ± standard 

deviation s (30) .In a row, results with a different superscript letter indicate 

a statistically significant difference between each other ( p < 0.05). 

Fig. 2. Images of fresh rinds, WET and DRIED candied ones. The colored scales 

are represented at 1 cm. 

Fig. 3. Total ion chromatogram of the volatile compounds from FRESH meso- 

carp sample of Crimson sweet watermelon, obtained by HS-SPME-GC-MS. (a.u. 

– arbitrary units). 
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Fig. 4. Total ion chromatogram of the volatile compounds from WET candied 

rind sample of Crimson sweet watermelon, obtained by HS-SPME-GC-MS. 

Fig. 5. Total ion chromatogram of the volatile compounds from DRY candied 

rind sample of Crimson sweet watermelon, obtained by HS-SPME-GC-MS. 

Fig. 6. Some most representative analytes obtained from HS-SPME-GC-MS for 

the samples of Crimson sweet rinds: fresh, and candied with different procedures 

(WET and DRY). 

Fig. 7. Spider plot of acceptability specific attributes for each sample of water- 

melon rinds subjected to the panel test: FRESH (), WET () and DRY () candied 

ones. 
he spontaneous condensation between alcohols and acids to generate

sters, since both the reactive species and the ACE and NAE products in

he candied rinds are widely detected. 

Fig. 7 offers a much more effective impact of the panel test results,

s it simultaneously reports the three different profiles of the samples

hecked, and the judgments collected well detailed through the specific

escriptors. 

As can be seen, the FRESH sample systematically received judgments

elow the dashed line of level 4, which corresponds to the total indif-

erence of the panelists towards the product. In other words, the level

 curve of our radar plot can be considered representative of the min-

mum threshold of edible acceptability of the material. This result is

erfectly compatible with what has been indicated so far, i.e. the meso-

arp is not considered palatable, even if there are no contraindications

or human consumption. On the contrary, higher acceptability scores

ere obtained by candied rinds over fresh rinds, showing however a

air competitive advantage for the DRY sample over the WET one. 

The greater distance of the sensory analysis for the WET and DRY

amples is found for the contribution of ’appearance’. The fine brown-

ess is very similar for both products, but the chromatic brilliance and

ompactness of DRY candied rinds, Fig. 2 , make it much more similar to

ther different candied fruits of industrial origin. This aspect probably

redisposes the panelists positively, as the visual stimulus could induce

 sense of gratification for what is seen and perceived. Therefore, the
10 
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igher brilliance of the DRY product could induce a more consensus

ttitude than the WET sample, the latter being much more opaque. 

. Conclusions 

This study allowed to establish the composition of the aroma of

he fresh and candied mesocarp, obtained from Crimson Sweet water-

elon. The aroma compounds identified belong to 9 major chemical

roups, such as acids, esters, furans, aldehydes, alcohols, phenols, ke-

ones, terpenoids and alkanes. In addition, we have mentioned another

lass (OTH) collecting some minor analytes not pertaining to any of

he previously mentioned groups. The initial matrix has a tough consis-

ency, whose structure is generally composed by water ( ∼95%) and a

ombination of not digestible polysaccharides ( ∼5%) such as celluloses,

emicelluloses, lignins and pectins, entrapping a variety of functional

ompounds even if in traces and a very small quantities. Therefore it is

onsidered energetically very poor food, inedible and intended for dis-

osal as waste. On the contrary, the candying process makes the meso-

arp particularly pleasant, soft and with a consistency similar to that of

ll other candied fruits. 

The composition of the aroma of the candied mesocarp reflects the

omplexity of the enzymatic processes and other reactions that occur

uring the period of treatment of the fruit in the presence of a high

oncentration of sucrose. 

What we propose can represent a real industrial challenge and op-

ortunity for the recovery of large quantities of watermelon rinds, re-

ardless of the production methodology of the candying process. This

rocess is certainly expensive but, considering that it ennobles a fresh

nd zero-value matrix, mainly made of hard cellulose and with very

oor nutritional properties, it allows to extend the mass of edible foods

or human consumption. 

The WET and DRY candying processes we have carried out, are free

rom any treatment that may leave residues or other exogenous chemical

ood compounds. In fact, they are respectful of the naturalness of the

aw material and of the finished products, since it is not necessary to

ntroduce any other preservative and anti-fermentative ingredient, as it

appens with the industrial sulphitation for the production of candied

ruit. Finally, the panel of tasters expressed positive opinions, approving

he candied fruit obtained from a very poor matrix. 
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