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Abstract: Vegetables and fruits have an interesting nutritional profile, rich in bioactive metabolites,
holding a high antioxidant potential and health associated benefits. However, their functional
properties, the shorter shelf-life due to their high-water content, and their seasonality nature lead
to extensive food losses and waste. The valorization of vegetables and fruits by-products through
the development of value-added products and the application of preservation methods is of utmost
importance to prevent food losses and waste. In this study, based on a circular economy approach,
pulps and powders of baby carrot and cherry tomato by-products were prepared. Freezing, hot
air drying and storage time impact on antioxidant activity and bioactive compounds were studied.
Microbiological quality and pulps viscosity were also monitored for 6 months. During the freezing
storage, TPC and antioxidant capacity by ABTS and ORAC assays decreased. The antioxidant
capacity by DPPH method and carotenoid content increased during the first months of freezing, but
then decreased. The drying process negatively affected the antioxidant capacity as well as carotenoid
and polyphenolic content compared with the fresh vegetables. Both processing methodologies
positively impacted the vitamin E content. During drying storage, there were no key variations in
antioxidant capacity and bioactive content.

Keywords: tomato and carrot by-products; freezing and drying impact; antioxidant capacity;
polyphenolics; carotenoids; vitamin E

1. Introduction

According to the 2019 report of the Food and Agriculture Organization of the United
Nations, approximately 21.6% of the worldwide fruits and vegetables were lost in 2016 [1].
The seasonal nature of vegetables and fruits and their short shelf-life contribute to these
massive losses and waste [2–4]. However, a significant fraction of food losses also results
from vegetables and fruits that do not comply with commercial standards but maintain
relevant nutritional and organoleptic profiles [5]. In this context, the valorisation of non-
standard vegetables and fruits and other by-products from these industries through the
development of new value-added products is of utmost importance to combat food losses
and waste.

Clinical and epidemiological studies have described many health-related benefits
associated with a diet rich in vegetables and fruits on chronic, cardiovascular, neurological,
inflammatory and some cancer diseases [3,6–8]. Their interesting nutritional profile results
from the presence of some bioactive metabolites such as, carotenoids, flavonoids, phenolic
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acids, tocopherols, alkaloids and chlorophyll derivatives, which contribute to the strong
vegetables and fruits antioxidant capacity [6–8] and are also partially responsible for their
organoleptic attributes. Tomato and carrot are some of the most popular and consumed
fresh and cooked vegetables worldwide [2,7]. High levels of antioxidant capacity are
reported in tomato and carrot derived from, for instance, carotenoids such as lycopene or
beta-carotene, polyphenols such as anthocyanins or flavonoids and vitamin E [2–4,7]. Thus,
the transformation of these by-products into ingredients with extended shelf-life is an op-
portunity to reduce food losses and acquire added-value ingredients for the food industry.

Several parameters such as plant genetics, growing environment, ripening stage and
post-harvest conditions influence the physical and chemical profile of plant foods [9,10].
Moreover, food-processing approaches may include several modifications in their nutri-
tional composition, being recognized as one of the most critical parameters in the food
bioactive composition and concentration. Processing may promote the destruction or
chemical modification of the natural phytochemicals, and consequent reduction in the
antioxidant capacity [8,10,11]. However, the perishability of tomato and carrot, resultant
from their high-water content (>80%), coupled to their seasonality nature, requires the
application of processing methods to maximize the resources and ensure the availability of
raw materials in the off-seasons [2,3,6,10].

Several processing techniques are available to guarantee the shelf-life extension as
well as the quality and safety of plant food products [6,8,11]. The freezing is typically ap-
plied to preserve the fresh organoleptic characteristics and most of the nutrients [6,9,10,12].
Nevertheless, the freezing process promotes cell membrane and physical integrity damages
that can release antioxidant compounds [10]. Although freezing slows the kinetics of some
cellular events such as chemical and enzymatic reactions, these are not completely stopped.
Accordingly, these reactions during freezing can induce bioactive compounds degradation
and consequent decrease in total antioxidant activity [6,10]. Some authors have also sug-
gested that beyond this negative effect, the frozen storage may favor the release of bound
phenolic acids and anthocyanins, promoting a positive impact on functional properties [10].

In contrast, the dried fruits and vegetables have gained extensive popularity due
to their transversal use in the food industry and long shelf-life resultant from their low
water content [2–4,7]. Additionally, the dried fruits and vegetables can be easily produced,
stored and transported with reduced packing costs [3,7]. Different drying methods can
be employed to preserve vegetables, for instance, freeze, hot air, microwave, vacuum
and infrared drying [2,3]. Freeze-drying is one of the most effective drying techniques
in the preservation of nutritional and typical sensorial attributes, but it is an expensive
and time-demand approach [2–4], rarely feasible for industry companies. Even if the
temperature can lead to losses in bioactive compounds, the hot-air drying approach is
extensively used as a cost-friendly and rapid approach to generate highly stable products
with a long shelf-life [3].

In this study, pulps and powders of baby carrot and cherry tomato by-products were
prepared and the impact of freezing, hot air drying and storage time on antioxidant capacity
and bioactive compounds (polyphenols, carotenoids and Vitamin E profile) were investi-
gated. In addition, other important parameters, such as pulps viscosity and microbiological
quality, were also explored.

2. Materials and Methods
2.1. Chemicals

Sodium hypochlorite was supplied by Honeywell Riedel-de Haën AG, Seelze, Ger-
many (11–15% available chlorine). The microbiological media used were plate count agar
(PCA; Biokar), violet red bile glucose agar (VRBGA; VWR), rose bengal chloramphenicol
agar (RBCA; Biokar), trypticase soy Agar (TSA; VWR) and Bacillus Cereus selective agar
(BCSA; Biokar).

ABTS diammonium salt (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)), 2,2-
diphenyl-1-picrylhydrazyl, sodium carbonate, 2,2′-azo-bis-(2-methylpropionamidine)-dihydro



Horticulturae 2021, 7, 185 3 of 22

chloride (≥97%; AAPH), fluorescein, 6-hydroxy-2,5,7,8-tetramethylbroman-2-carboxylic acid
(≥97%; Trolox) and butylated hydroxytoluene (≥99%, BHT) were purchased from Sigma-
Aldrich (Sintra, Portugal), while Folin-Ciocalteu from Merck (Algés, Portugal). Additionally,
maltodextrin, absolute ethanol and ascorbic acid were also purchased from Sigma-Aldrich.

HPLC-grade methanol (≥99.9%) was also supplied by Honeywell Riedel-de Haën
AG, while the other solvents used for HPLC analysis (acetonitrile, dichloromethane, formic
acid, hexane and 2-propanol) were also purchased from Sigma-Aldrich.

Standards of β- and α-carotene (≥95%), α-tocopherol (≥95%), β-tocopherol (≥95%),
γ-tocopherol (≥95%), δ-tocopherol (≥95%), gallic acid (≥99%), rutin (≥95%), ferulic acid
(≥98%), isoferulic acid (≥98%), trans-ferulic acid (≥99%), chlorogenic acid (≥99%), p-
coumaric acid (≥98%) quercetin-7-O-glucoside (≥98%), sinapic acid (≥98%), myricitin
(≥99%) and caffeic acid (≥98%) were supplied from Sigma-Aldrich, while protocate-
chuic acid (≥99%), lutein (≥95%), lycopene (≥98%), ferulic (≥98%), isoferulic (≥98%),
naringenin-7-glycoside (≥99%), naringenin (≥99%), lutein (≥99%) and zeaxanthin (≥98%)
from Extrasynthese (Genay Cedex, France).

2.2. Processing

Cherry tomato (Solanum lycopersicum var. cerasiforme) and baby carrot (Daucus carota
subsp. sativus), which did not comply with size and shape commercial standards, were
kindly provided by Vitacress Portugal SA (Odemira, Portugal). The vegetables were
washed and disinfected with sodium hypochlorite (150 ppm) for 15 min, in a proportion of
water: vegetable of 5 L kg−1. After disinfection, the by-products were rewashed with abun-
dant water and centrifuged to remove washing water. The by-products were submitted
to two different processing methods (freezing and drying) and, in both cases, they were
stored for 6 months.

2.2.1. Freezing

Based on a circular economy approach, tomato pulps were prepared by grinding
whole tomatoes (including seeds and peels) for 2 min, using a vertical slicer blender
(Hällde VCB-61). Due to the lower water content, carrots (also including peels but exclud-
ing stem) were ground in the same conditions using a carrot: water ratio of 4:1. After
processing, the tomato and carrot pulps were frozen at −20 ◦C, and the sampling times
were fresh, M0, M1, M2, M3, M4, M5 and M6. The timepoint M0 corresponded to 24 h after
the freezing storage, and M1, M2, M3, M4, M5 and M6 corresponded to month one, two,
three, four, five and six of the freezing storage, respectively.

2.2.2. Drying

The carrot and tomato drying process was carried out using a hot air cabinet dryer,
with a temperature of 50 ◦C and an air velocity of 1 m s−1. By-products were cut into slices
before drying. Tomatoes were manually cut in halves while carrots were laminated in
a vegetable cutting machine (Hallde RG-100, Sweden), with a 5 mm thick disc. The dry
by-products were also stored for 6 months under vacuum conditions. Due to the greater
stability of dried vegetables, the sampling times were every two months. The sampling
points were DM0, DM2, DM4 and DM6, where DM0 corresponded to day 0 of storage
and DM2, DM4 and DM6 corresponded to months two, four and six of the storage period,
respectively. Regarding microbiological analyses, only DM0 and DM6 sampling points
were evaluated.

2.3. Microbiological Evaluation
2.3.1. Fresh and Frozen Pulps

For microbiological analysis, 1 g of carrots or tomatoes non-washed, washed, or
in pulp form was added to 9 mL of sterile 0.1% peptone solution. The mixture was
homogenized in a stomacher (Seward, Worthing, UK) for 1 min and then, the dilutions
prepared were spread in the different microbiological media. Total aerobic bacteria (TAB)
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were enumerated after incubation for 72 h at 30 ◦C in PCA media according to the method
of ISO 4833-1, while Enterobacteriaceae were grown in VRBGA at 37 ◦C for 24 h. Yeasts
and molds were incubated on supplemented media RBCAat 30 ◦C for 3 to 5 days. The
Bacillus cereus group was grown and counted on mannitol egg polymyxin agar at 30 ◦C for
24 h. All analyses were performed in duplicate and the average values were expressed in
log (CFU g−1).

2.3.2. Dried Powders

Regarding microbiological analyses of dry by-products, for the enumeration of TAB,
the test sample was prepared by adding 10 g of dry by-product sample to 90 mL of
buffered peptone water in a stomacher bag. A tenfold dilution series was done in duplicate,
1 mL of the dilutions was spread-plated onto PCA and incubated as described previously.
The enumeration of aerobic and anaerobic spore-formers was performed according to
Ijabadeniyi et al. [13]. Firstly, the test sample was also prepared in the same way. Then,
the stomacher bag was held at 75 ◦C for 20 min. A dilution series was done and after that
0.1 mL of the sample was pipetted into Petri dishes and pour-plated into TSA. Both aerobic
and anaerobic plates were incubated at 35 ◦C for 48 h. The anaerobic plates were placed
into anaerobic jars and incubated under anaerobic conditions. All analyses were performed
in duplicate and the average values were expressed in log (CFU g−1).

2.4. Monitorization of Pulps Viscosity

The pulps viscosity was measured in mPa s−1 using a rotational springless viscometer
B-one plus (Lamy Rheology Instruments, Champagne au Mont d’Or, France), using an R-2
rotor disc (with a viscosity range between 200 and 240 M mPa s−1) at a speed of 250 rpm for
30 s. All measurements were carried out five times for each sample at room temperature.

2.5. Preparation of Tomato and Carrot Extracts

Extracts for the evaluation of total phenolic compounds, polyphenolic profile and
antioxidant activity were prepared by adding 5 g of each homogenized fraction (fresh,
frozen pulp or dry by-product) to 50 mL of 80% methanol (methanol: water). Homoge-
nization was carried out in an Ultra-turrax® (T18 IKA, Wilmington, USA) at 12,000 rpm for
30 s. The mixture was left under continuous stirring (300 rpm) at room temperature for
2 h. Afterward, each resulting sample was centrifuged at 5000 rpm at 4 ◦C for 10 min, and
the supernatant was filtered. The methanol was then removed from the extracts using a
rotary evaporator (R-210, Buchi, Switzerland) at 40 ◦C and 175 bar. The resultant fraction
was resuspended in deionized water with 2% of maltodextrin and lyophilized for further
analysis. All extracts were performed in duplicate.

2.6. Antioxidant Activity
2.6.1. 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) Assay

2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) scavenging assay was
carried out accordingly to the Gonçalves et al. established method [14], with slight modifi-
cations. The stock solution was prepared by the reaction between ABTS•+ (7 mM) with
potassium persulfate (2.45 mM) in ultra-pure (UP) water, stirring for 16 h in the dark at
room temperature. Daily, the ABTS•+ working solution was prepared by the filtration of
stock solution with a 0.45 µm syringe filter, and the absorbance at 734 nm was adjusted
to 0.70 ± 0.02 with UP water for the control sample (20 µL UP water + 180 µL ABTS•+

working solution). The reaction was performed in a 96-well microplate, in a final volume of
200 µL, where 20 and 180 µL of extract sample and ABTS•+ working solution were mixed,
respectively. Moreover, a blank with UP water as well as a standard curve with Trolox
were performed with the same solvent and working solution proportion, where standard
concentrations ranged between 25 and 175 µM. After that, the mixture was allowed to
react for 5 min in the dark, and the absorbance was immediately recorded at 734 nm,
using a multidetection plate reader (Synergy H1, Vermont, USA) operated using the Gen5
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Biotek software version 3.04. The scavenging activity was expressed as a % of reduction in
absorbance for the control. All extracts were analyzed in triplicate, and after the calculation
of regression equations, the Trolox concentration was expressed in mg Trolox equivalent
(TE) 100 g−1 of dry matter (DM).

2.6.2. Oxygen Radical Absorbance Capacity (ORAC) Assay

Oxygen radical absorbance capacity (ORAC) assay was carried out as described
by Coscueta et al. [15], with few modifications. The reaction was performed in black
polystyrene 96-well microplates (Nunc, Denmark), with 75 mM of phosphate buffer (pH 7.4)
in a final volume of 200 µL. Fluorescein (with a final concentration in the well of 70 nM;
120 µL) and antioxidant extract (20 µL) were placed in the well and pre-incubated for
10 min at 37 ◦C. After this period, APPH solution was added (with a final concentration
in the well of 12 mM; 60 µL). Then, the incubation occurred immediately during 80 min,
also in a multidetection plate reader. The excitation and emission wavelengths were set
to 485 and 538 nm, respectively. The fluorescence was read in intervals of 1 min, and
after each time point, the microplate was shaken. A calibration standard curve (with
concentrations ranging between 1 and 8 µM of Trolox) and a blank (fluorescein + AAPH),
where phosphate buffer was added instead of the antioxidant, were also added. The
curves of antioxidants were normalized to the curves of blank of the same assay, and
the area under the fluorescence decay curve (AUC) was calculated, with the trapezoidal
method. The final values of AUC were obtained by subtracting the AUC of the blank to all
results, and regression equations of antioxidant concentration in the function of AUC were
calculated. All extracts were analyzed in duplicate, and ORAC values were expressed in
mg TE 100 g−1 DM.

2.6.3. 2-diphenyl-1-picrylhydrazyl (DPPH) Assay

The 2-diphenyl-1-picrylhydrazyl (DPPH) assay was performed using the method
described by Schaich et al. [16], with some alterations. The stock solution (600 µM) was
prepared by dissolving 24 mg of DPPH in 100 mL of methanol. The stock solution was
stored in the dark at −20 ◦C until the day of use. Daily, the working solution (60 µM)
was prepared by adjusting the absorbance with methanol to 0.600 ± 0.100 at 515 nm. The
assay was also carried out in a 96-well microplate, in a final volume of 200 µL. The reaction
mixture corresponds to 175 µL of DPPH working solution and 25 µL of each extract or
trolox (standard curve ranging between 25 and 175 µM) or UP water (negative control). The
mixture was incubated for 30 min at 25 ◦C in the dark. Then, the absorbance at 515 nm was
also measured with a multidetection plate reader. The scavenging activity was expressed as
% of reduction in absorbance concerning the control and the regression equations between
net DPPH scavenging and Trolox concentration were calculated. The Trolox concentration
was expressed in mg TE 100 g−1 of DM. All extracts were analyzed in triplicate.

2.7. Total Phenolic Content (TPC)

To quantify total phenolic content (TPC), the Folin–Ciocalteau colorimetric method
was used as described by Ainsworth et al. [17], with slight variations. The reaction was
performed in a 96-well microplate, with a final volume of 230 µL. Firstly, 30 µL of ex-
tract and 100 µL of Folin-Ciocalteu reagent (20% v/v) were mixed and then, 100 µL of
sodium carbonate (7.4% m/v) were added and shaken. The mixture was incubated at
room temperature in the dark and the absorbance was measured after 1 h at 750 nm, also
in a multidetection plate reader. Gallic acid was used as a standard calibration curve
(0.015–0.225 mg/mL), and the TPC was expressed as milligrams of gallic acid equivalent
per 100 g of dry matter (mg GAE 100 g−1 DM).

2.8. Identification and Quantification of Phenolics by High-Performance Liquid
Chromatography (HPLC)

The phenolic profile in the extracts from different sampling points under study was
evaluated using a chromatographic system with Waters separation module (e2695), with
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UV–VIS detector (PDA 190–600 nm), as described by Campos et al. [18], with some modifi-
cations. The high-performance liquid chromatography (HPLC) separation was performed
with a C18 reverse-phase column coupled to a pre-column (Symmetry® C18, Waters, Mil-
ford, MA, USA; 100 Å, 5 µm, 4.6 mm × 150 mm). Two mobile phases were used: phase A
containing water (92.5%), methanol (5%) and formic acid (2.5%), while phase B consisting
of methanol (92.5%), water (5%) and formic acid (2.5%). The injection volume was 50 µL,
and HPLC run was carried out for 59 min in a continuous flow of 0.5 mL min−1, under
the following conditions: gradient elution started in 100% of mobile phase A and ended in
55% of mobile phase B, after 55 min; between 50 and 55 min, the mobile phase A returns to
100% and remains in that percentage for 4 min (up to 59 min). Detection was performed
using a diode array detector (Waters, Milford, MA, USA) at wavelengths between 200 and
600 nm, measured at 2 nm intervals. The peaks were identified at wavelengths of 280 nm
(catechins or procyanidins), 320 nm (phenolic acids) and 350 nm (flavonoids). The various
compounds identified were analyzed by comparing the retention time and spectra with
pure standards. All the samples replicates were injected in duplicate.

2.9. Monitorization of Carotenoid and Vitamin E Content
2.9.1. Carotenoids and Vitamin E Extraction

Total carotenoids and vitamin E isomers (α-tocopherol, β-tocopherol, γ-tocopherol
and δ-tocopherol) were extracted according to the method described by Prates et al. and
Oliveira et al. [19,20], with some modifications. Briefly, 0.1 g of each homogenized sample
(fresh, frozen pulp or dry by-product), 3 mL of 100% cold ethanol and 0.026 g of ascorbic
acid (9 g L−1) were added to the screw teflon-lined cap tube and mixed. For saponification,
380 µL of KOH (5 mol L−1 prepared in a solution of 55% absolute ethanol and 45%
UP water), freshly prepared each week, were added to the mixture. The mixture was
immediately vortexed to avoid agglomeration and remained in a shaking water bath at
85 ◦C and 200 rpm for 10 min. The mixture was then cooled and maintained on ice during
the extraction procedure. Firstly, 3 mL of NaCl (1 mol L−1) were added, and the samples
were gently mixed. Secondly, 3 mL of 25 µg mL−1 BHT solution in n-hexane was added.
The mixture was vigorously vortexed and centrifuged at 5000 rpm for 15 min (at 4 ◦C),the
resultant upper n-hexane layer was transferred to a new screw teflon-lined cap tube. Finally,
the residue was re-extracted under the same conditions, and the second n-hexane layer
was also recovered and merged with the first one. For each time point, three independent
extractions were carried out.

2.9.2. Identification and Quantification of Carotenoids by HPLC

Carotenoid profile was identified and quantified by determination of the absorbance
at 454 nm with a UV mini 1240 spectrophotometer (Shimadzu, Tokyo, Japan), accord-
ing to the method described by Oliveira et al. [19], with slight alterations. The mobile
phase used was acetonitrile, methanol, dichloromethane, hexane and ammonium acetate
(55:22:11.5:11.5:0.02 v/v/v/v/w). HPLC run was carried out under isocratic conditions at
1 mL min−1 flow rate for 20 min at 30 ◦C. The injection volume was 50 µL. The different
carotenoids identified at 454 nm, namely, lutein, lycopene, β-carotene and α-carotene, were
identified by comparing the retention time with pure standards and quantified using a
pure standard calibration curve and were expressed as mg 100 g−1 DM of by-product. All
the samples’ replicates were injected in duplicate.

2.9.3. Identification and Quantification of Vitamin E by HPLC

The α-tocopherol, β-tocopherol, γ-tocopherol and δ-tocopherol were monitored fol-
lowing the HPLC method described by Savlin et al. [21], with some modifications. A
Beckman System Gold® coupled to a Waters™ 474 Scanning Fluorescence Detector (with
an excitation and emission wavelengths of 290 and 320 nm, respectively) and a Diode
Array Detector (DAD) 168 Detector (210 nm) with a Varian ProStar Model 410 AutoSampler
were used, recurring to a normal-phase silica column (Kromasil 60-5-SIL, 250 mm, 4.6 mm
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ID, 5 µm particle size). The mobile phase used corresponded to 1% v/v isopropanol in
n-hexane. The running time was 20 min at 1 mL min−1 flow rate, and the injection volume
was 20 µl. Calibration curves of pure standards were prepared and used to identify and
quantify α-tocopherol, β-tocopherol, γ-tocopherol and δ-tocopherol in samples, and their
concentration was expressed as mg 100 g−1 DM of carrot and tomato by-product. All the
samples’ replicates were injected in duplicate.

2.10. Statistical Analysis

Statistical analysis was carried out using the SPSS statistical package 27.0 via a one-
way analysis of variance (ANOVA), at a degree of significance of p < 0.05, to the viscosity,
antioxidant capacity, TPC, phenolics, carotenoids and vitamin E content, except for mi-
crobiological counts, where only two independent analyses were performed. Firstly, data
were compared statistically using ANOVA to understand the significance and confirm a
normal distribution of the data. Finally, post hoc multiple comparisons were performed
using Turkey’s test (p < 0.05).

3. Results and Discussion

Based on a circular economy approach, cherry tomato and baby carrot that do not
comply with commercial standards were used as by-products to prepare value-added
pulps and powders. The impact of two processing methods on several bioactive properties
was evaluated. Regarding pulps, their storage was for 6 months in freezing form, and all
analyses were performed monthly. By-products from the same batch were also subjected
to hot air drying and stored under vacuum conditions, being analyzed every two months.
The microbial counts of dried by-products were only monitored in the initial and final
phases of storage.

3.1. Monitorization of Microbial Counts

The microbiological analysis of fresh by-products suggested a high microbial load in
baby carrot and cherry tomato as present in Table 1. The initial microbial load was consid-
erably high in both vegetables for all microbial groups studied, especially in carrots due to
the greater soil microbial contamination [22]. Microbiological control plays an important
role in the prevention of foodborne diseases. Therefore, some decontamination agents, for
instance, sodium hypochlorite and peroxyacetic acid, are often applied during the washing
process to guarantee the safety of fresh vegetables [22]. The initial microbial load of fresh
tomato and carrot was greatly reduced after washing with water and disinfection with
sodium hypochlorite solution (Table 1).

According to the Portuguese national microbiological guidelines for ready-to-eat
foods, samples are classified as satisfactory, for example, when the microbial counts of
TAB, Enterobacteriaceae, yeasts and Bacillus cereus spp. are lower than 6, 5, 5 and 3 log
(CFU g−1) [23]. Although the study did not focus on ready-to-eat products (in the future,
after demonstrating their potential, these by-products can be used in food formulations
or for cooking), before washing and disinfection, these products were above these limits
and classified as unsatisfactory, and after this process, tomato and carrot were within
satisfactory limits. This fact corroborates the importance and effectiveness of the wash and
disinfection process adopted.

During the 6 months of frozen storage, the microbial load stabilized, and there were
no substantial variations on microbial counts during the entire period as represented in
Table 1. Generally, after 6 months of storage at room temperature of the dry by-products,
the microbial counts in the tomato and carrot powders decreased slightly for the microbial
groups studied, except for the aerobic and anaerobic spore-formers group where a slight
increase of microbial counts was observed in the carrots powders. These results are in
agreement with those observed for dried spices described by Ijabadeniyi et al. [13].
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Table 1. Microbial counts (n = 2) present in cherry tomato and baby carrot by-products before and after the washing process,
as well as during the 6 months of pulps freezing and drying storage. All microbial count results (mean± standard deviation)
were expressed in log(CFU g−1).

Vegetable Sample TAB Enterobacteriacea Yeasts and
Molds

Bacillus
cereus spp.

Aerobic
Spore-Forms

Anaerobic
Spore-Forms

Tomato Non washed 8.14 ± 0.15 6.28 ± 0.14 6.16 ± 0.12 4.63 ± 0.14 - -

Washed 4.32 ± 0.14 3.82 ± 0.07 3.77 ± 0.07 2.57 ± 0.12 - -

Fresh pulp 4.54 ± 0.11 3.91 ± 0.08 3.89 ± 0.15 2.65 ± 0.17 - -

M0 4.55 ± 0.15 3.98 ± 0.07 3.91 ± 0.10 2.57 ± 0.14 - -

M1 4.52 ± 0.07 4.03 ± 0.06 3.85 ± 0.14 2.53 ± 0.14 - -

M2 4.52 ± 0.15 4.00 ± 0.01 3.92 ± 0.11 2.56 ± 0.04 - -

M3 4.56 ± 0.04 4.02 ± 0.11 3.87 ± 0.21 2.51 ± 0.09 - -

M4 4.68 ± 0.10 4.13 ± 0.05 3.92 ± 0.20 2.63 ± 0.11 - -

M5 4.61 ± 0.13 4.07 ± 0.07 3.89 ± 0.18 2.56 ± 0.09 - -

M6 4.39 ± 0.01 3.80 ± 0.38 3.87 ± 0.27 2.62 ± 0.06 - -

DM0 2.39 ± 0.12 2.74 ± 1.04 - - 3.00 ± 0.00 3.00 ± 0.00

DM6 2.15 ± 0.21 2.15 ± 0.21 - - 2.00 ± 0.00 2.39 ± 0.12

Carrot Non washed 9.18 ± 0.10 8.03 ± 0.10 5.96 ± 0.10 4.77 ± 0.08 - -

Washed 5.29 ± 0.10 4.63 ± 0.13 3.65 ± 0.16 2.90 ± 0.09 - -

Fresh pulp 5.36 ± 0.09 4.82 ± 0.10 3.66 ± 0.11 2.93 ± 0.05 - -

M0 5.34 ± 0.15 4.85 ± 0.13 3.69 ± 0.03 2.74 ± 0.15 - -

M1 5.27 ± 0.07 4.82 ± 0.10 3.81 ± 0.08 2.69 ± 0.17 - -

M2 5.26 ± 0.06 4.86 ± 0.07 3.74 ± 0.29 2.70 ± 0.05 - -

M3 5.23 ± 0.01 4.83 ± 0.09 3.73 ± 0.03 2.67 ± 0.09 - -

M4 5.31 ± 0.37 4.54 ± 0.21 3.76 ± 0.10 2.82 ± 0.16 - -

M5 5.28 ± 0.02 4.81 ± 0.21 3.72 ± 0.12 2.65 ± 0.16 - -

M6 5.22 ± 0.06 4.82 ± 0.24 3.73 ± 0.03 2.79 ± 0.06 - -

DM0 4.49 ± 0.88 4.22 ± 1.10 - - 2.67 ± 0.95 2.36 ± 0.51

DM6 4.61 ± 0.88 4.16 ± 1.00 - - 2.85 ± 0.00 2.50 ± 0.28

M0 = 24 h after the freezing storage of pulps. M1, M2, M3, M4, M5, M6 = month one, two, three, four, five and six of the freezing storage of
pulps, respectively. DM0 = day 0 of the powders’ storage. DM6 = month six of the storage period of powders. TAB = total aerobic bacteria.

3.2. Monitorization of Pulps Viscosity

The viscosity was measured during the freezing period in pulps and, in both cases,
a significant decrease in viscosity after freezing was visible as suggested in Table 2. The
viscosity decreases from 486.98 ± 1.40 mPa s−1 in the fresh pulps to 349.28 ± 2.92 mPa s−1

in M6 of storage in baby carrot pulp. Although the decline in viscosity was more evident
in the first months of freezing, a significant decrease in carrot pulp viscosity was registered
throughout the storage period, except from M5 to M6 where there were no significant
changes in viscosity values. Relating to cherry tomato, the variation in viscosity was
also more evident in the first months of frozen storage, but the results suggest significant
variations in viscosity values in all months analyzed. The viscosity values ranged between
195.88 ± 3.73 mPa s−1 in the fresh pulp to 100.34 ± 1.39 mPa s−1 in the final month of
storage. The ice crystals produced during the frozen process may promote damage to
the integrity of the cellular membranes. Consequently, the resultant loss of water from
the intracellular compartments affects physio-chemical and physical properties such as
viscosity [10,12]. Generally, lower textural properties are reported in frozen plant foods
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compared to the corresponding fresh vegetables and fruits [10], aligned with the decline in
tomato and carrot viscosity during the storage period verified (Table 2). As suggested by
the work of Lisiewska et al. [24], the freezing storage at −20 ◦C of tomato cubes resulted in
a significant reduction of texture.

Table 2. Pulps’ viscosity (n = 5) from fresh to freezing storage of baby carrot and cherry tomato
pulps for 6 months were expressed in mPa s−1. Columns corresponding to the same vegetable with
different superscript letters are significantly different (p < 0.05).

Vegetable Sample Viscosity (mPa s−1)

Tomato Fresh pulp 195.88 ± 3.73 a

M0 153.36 ± 1.27 b

M1 142.42 ± 1.27 c

M2 133.98 ± 2.15 d

M3 122.04 ± 0.97 e

M4 110.98 ± 3.66 f

M5 105.08 ± 0.74 g

M6 100.34 ± 1.39 h

Carrot Fresh pulp 486.98 ± 1.40 a

M0 399.98 ± 4.35 b

M1 390.58 ± 1.78 c

M2 380.58 ± 3.43 d

M3 368.94 ± 2.2 e

M4 358.62 ± 2.41 f

M5 351.28 ± 2.37 g

M6 349.28 ± 2.92 g

M0 = 24 h after the freezing storage of pulps. M1, M2, M3, M4, M5, M6 = month one, two, three, four, five and six
of the freezing storage of pulps, respectively.

3.3. Variation of TPC and Antioxidant Activity

TPC was evaluated during 6 months for both storage types (frozen and dried) as
represented in Figure 1. The compounds extraction was performed through methanolic
extractions. The TPC results of fresh baby carrot and cherry tomato pulps and after 24 h of
freezing did not suggest significant variations in TPC. However, in both cases, a decrease
was verified after one month of frozen storage, and a sequential reduction in TPC values
was registered during the 6 months of storage. The TPC values in fresh carrot pulp ranged
between 145.21 ± 2.74 and 50.09 ± 2.99 mg GAE 100 g−1 on a dry basis after 6 months of
freezing, while in tomato fresh pulp the TPC were 408.89 ± 12.11 and 277.24 ± 11.29 mg
GAE 100 g−1 DM after all period of frozen storage. In the case of tomato, after 4 months of
freezing, the TPC values indicated a tendency to stabilize.

Bouzari et al. [25] also studied the TPC in fresh carrots and during 3 months of storage.
The results suggested a TPC concentration of 108 mg GAE 100 g−1 DM in fresh carrots
and a slight improvement in TPC after 24 h of freezing with values around 133 mg GAE
100 g−1 DM. During 3 months of freezing storage, the TPC concentration decreased to ap-
proximately 112 mg GAE 100 g−1 DM. These values are in the same concentration order and
aligned with the results of the present study. Leja et al., work [26] also reported similar TPC
values for fresh carrots, namely 29.3 mg 100 g−1 of fresh weight (based on the dry weight of
carrot in the present study: 7.96%). TPC of red tomato through the preparation of acetone:
water extracts was described by Georgé et al. [27], being around 268 mg GAE 100 g−1 DM
in fresh tomato. Phenolic composition and antioxidant activity of some tomato varieties
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and by-products (composed only by peel and seeds) were studied by Perea-Domínguez
et al. [28], through ethanolic extracts. The TPC results of grape, saladette and tomato
by-product were 904, 1108 and 1340 mg GAE 100 g−1 DM, respectively. The reported TPC
results of Georgé et al., are slightly lower, while the TPC results of Perea-Domínguez were
higher than the TPC values of the present study. These differences may be due to the differ-
ent tomato species studied, or even due to the different extraction methodologies (different
solvents, different times of residency and different proportions of sample and solvent)
employed, leading to different extraction profiles of phenolic compounds and consequent
antioxidant activity [18]. In the present study, the whole vegetable by-product was used
for processing, including seeds and peels in tomatoes and including peels but excluding
stem in carrots. This fact may also contribute to the variations found in the literature, but
especially the conditions where they were produced. There are some conflicting results in
the literature regarding the effect of the freezing process and frozen storage upon TPC and
antioxidant activity [10,12]. As previously appointed, the cell breakages promoted during
freezing can lead to the decompartmentalization of antioxidants. Their posterior interaction
with oxidative enzymes can lead to a reduction in antioxidant concentrations compared
with fresh forms. However, some authors’ results have also indicated an improvement
in functional properties during the frozen storage due to the possible release of bound
phenolic acids and anthocyanins [10]. The conflicting reported results may result from the
several pre-treatments used after the freezing and frozen storage, the frozen systems and
conditions used as well as other intrinsic characteristics of vegetables and fruits [10,12].

Figure 1. Total phenolic compounds (TPC; Folin–Ciocalteu method) and antioxidant capacity by ABTS, ORAC and DPPH
assays (n = 4) of fresh carrot and tomato by-products and during the pulps freezing and drying storage. All antioxidant
results (mean ± standard deviation) were expressed in mg Trolox equivalent (TE) 100 g−1 on a dry basis, while TPC results
were represented in mg gallic acid equivalent (GAE) 100 g−1. Bars of the same color and corresponding to the same storage
method with different superscript letters are significantly different (p < 0.05). Lowercase letters were used for fresh and
frozen pulps forms while uppercase letters were used for fresh and dry powders forms. M0 = 24 h after the freezing storage
of pulps. M1, M2, M3, M4, M5, M6 = month one, two, three, four, five and six of the freezing storage of pulps, respectively.
DM0 = day 0 of the powders storage. DM2, DM4, DM6 = month two, four and six of the storage period of powders.
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Concerning drying, the TPC values varied between 85.49 ± 3.48 and 73.47 ± 4.28 mg
GAE 100 g−1 in carrot and 310.33 ± 10.38 and 283.64 ± 11.84 mg GAE 100 g−1 DM in
tomato, during the dried by-products storage. The results showed a significant variation
in TPC after the drying process comparatively with fresh pulps, but there were no key
variations during the several months of storage analyzed. Previous studies corroborate that
drying decreases phenolic content in tomato [29] and carrot [7]. The grounding process
promotes cell membrane damage, similar to what happens during the freezing process,
making these compounds more unstable. This higher instability coupled with the use
of temperature in the drying process can explain this reduction [30]. Hung et al. also
evaluated the TPC present in carrot and tomato after drying processing [7]. In this study,
carrot and tomato (without seeds) were dried in an oven at 55 ◦C and the results were
compared with the freeze-drying method. Ethanolic extracts were prepared, and the results
suggested a significant decrease in TPC of vegetables resultant from heat-drying. The
TPC of carrot was approximate, 2.16 mg GAE 100 g−1, while TPC of tomato was around
3.31 mg GAE 100 g−1 of samples. The results also suggested that, as expected, the TPC
values of freeze-drying vegetables were higher than the vegetable resultant from heat-
drying vegetables. However, the TPC values were lower than those of the present study
but reported as fresh weight. In the case of our study, cherry tomatoes possess a dry weight
of around 10.71%. Other justifications for TPC variations are the type of extraction used,
the vegetable variety used and still, Hung et al., did not use air circulation during heat-
drying, which may lead to losses of bioactive compounds [7]. Kamiloglu et al. [31] work
reported the effects of tomato home drying at 70 ◦C for 36 h by preparing 75% methanolic
extracts. The TPC values of fresh tomato and after the drying process were approximately
274 and 157 mg GAE 100 g−1 DM, respectively. In this study, a significant decrease was
also suggested after the drying process, aligned with the present study results. Despite
the results being in the same order of magnitude, they were slightly inferior to our study.
Tomato variety and the use of a conventional oven could be conditioning factors.

The antioxidant capacity of methanolic extracts was evaluated by ABTS, ORAC and
DPPH assays, being the results in fresh, during freezing and drying storage also present in
Figure 1. ABTS and ORAC assays were used to monitor antioxidant capacity variations due
to hydrophilic and amphipathic compounds, while the DPPH assay was used to evaluate
the contribution of lipophilic compounds to the total antioxidant activity [16].

The ABTS results suggested a significant decrease in total antioxidant activity after
the first month of freezing in both pulps, but no significant variations were verified in
the case of carrot after M3 of freezing and M4 and M5 in the case of tomato. In tomato
pulps the ABTS capacity values ranging between 694.07 ± 45.00 and 558.73 ± 29.06 mg
TE 100 g−1 on a dry basis in fresh and M5 of freezing storage, respectively. Regarding
carrot, the results of fresh pulps suggested an antioxidant capacity of 252.74 ± 21.83 mg TE
100 g−1 DM, decreasing until around 140.82 ± 16.76 mg TE 100 g−1 DM in M3 of storage.
Danesi et al. [32] also studied the impact of freezing (−18 ◦C) and storage during 6 months
of different vegetables, including tomato and carrot. In tomato, no significant variations
were registered, while in carrot, a decrease in antioxidant capacity was verified. In this
study, the results also suggested that tomato possess a higher antioxidant capacity than
carrot and that the impact of freezing in antioxidant activity largely depends on the type
of vegetable.

The ABTS antioxidant capacity of dry by-products significantly diminished compared
with fresh vegetables. However, no significant differences in the antioxidant capacity were
registered during the storage time, varying between 350.15 ± 14.37 and 407.56 ± 25.93 mg
TE 100 g−1 DM in tomato and 134.69 ± 8.68 and 153.13 ± 25.89 mg TE 100 g−1 DM in
carrot. As previously indicated, Kamiloglu et al. [31] work reported the effects of home
drying at 70 ◦C for 36 h. The antioxidant capacity of fresh was 432 mg TE 100 g−1 DM,
decreasing significantly until 46 mg TE 100 g−1 DM. The results of the antioxidant capacity
of fresh tomatoes were similar to those of this study. However, the reduction in antioxidant
activity was more pronounced in the reported study, possibly for the reasons previously
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mentioned. Previous studies also suggested a significant decrease in antioxidant capacity
using hot air drying using temperatures of 50 ◦C and 100 ◦C [33].

The results of the ORAC assay indicated an increase in antioxidant capacity in the first
period of storage. In the case of tomato, a significant increase until M1 of storage was visible.
On the other hand, in carrot a significant rise was registered after 24 h of freezing and in
M1 no significant differences were registered compared with the antioxidant capacity of
fresh carrot. The antioxidant capacity of fresh tomato and after one month of freezing was
3165.18 ± 77.48 and 3285.77 ± 271.25 mg TE 100 g−1 DM, respectively. Regarding carrot,
the antioxidant capacity increase from 907.98± 121.69 in fresh pulp to 1091.90 ± 113.28 mg
TE 100 g−1 DM after 24 h of freezing, being 914.06 ± 59.88 mg TE 100 g−1 DM in M1 of
storage. After these periods, the ORAC results also indicated a decrease in antioxidant
capacity during freezing storage, with a tendency to stabilize from M4 of storage in the case
of tomato and M3 in the case of carrot. The antioxidant capacity of tomato and carrot after
6 months of frozen storage was 1771.66 ± 31.25 and 557.71 ± 11.19 mg TE 100 g−1 DM,
respectively. During ORAC results analysis, a significant decline in the antioxidant capacity
was shown compared with fresh forms in both vegetables. However, in the case of carrot
no significant variations were verified during all storage period, ranging the antioxidant
capacity between 613.53 ± 5.81 to 722.93 ± 28.29 mg TE 100 g−1 DM. Concerning tomato
results, key modifications were not detected during the first 2 months (1581.76 ± 124.90
and 1610.74 ± 46.51 mg TE 100 g−1 DM), but after this period, a significant decrease was
registered after 4 months but then stabilized until M6 of storage (1229.74 ± 38.52 mg TE
100 g−1 DM).

In the evaluation of antioxidant capacity through the DPPH method, the antioxidant
capacity of tomato and carrot improved during the first months of freezing, but then
it reduced, being registered significant variations during the 6 months (Figure 1). The
antioxidant capacity of fresh tomato was 418.79 ± 30.92 mg TE 100 g−1 DM, increasing
until 648.06 ± 55.38 mg TE 100 g−1 DM in M3 and decreasing until the last month of
freezing (388.53 ± 27.18 mg TE 100 g−1 DM). In carrot, the antioxidant capacity increased
from fresh until M3 of freezing (from 223.21 ± 26.76 to 367.26 ± 28.92 mg TE 100 g−1 DM).
Subsequently, the antioxidant capacity was reduced until 115.69 ± 4.49 mg TE 100 g−1

DM in M5 and improved until 219.43 ± 11.49 mg TE 100 g−1 DM in M6 of freezing, with
significant variations. This could be explained by the loss of cellular membrane integrity
promoted by freezing, which promotes bioactive compounds release (especially lipophilic)
and increases antioxidant activity. However, after this phase, chemical and enzymatic
reactions induce bioactive compounds degradation and antioxidant activity decrease [10].

As in the ABTS and ORAC methods, a significant decrease in antioxidant capacity
was verified in dry tomato and carrot compared with fresh from the DPPH analysis.
Although the results did not suggest variations during tomato storage (varying antioxidant
capacity between 117.78 ± 4.99 to 130.44 ± 3.51 mg TE 100 g−1 DM), some alterations were
registered in carrot storage from M4. The antioxidant capacity of dry carrot was 76.28 mg
TE 100 g−1 DM in the first two months of storage, improving until 131.41 ± 5.22 mg TE
100 g−1 DM in M4 and decreasing until 96.87 ± 9.83 mg TE 100 g−1 DM in M6.

Generally, the reported studies suggested a decrease in TPC and antioxidant capacity
by ABTS and ORAC assays during freezing and a significant negative impact in these
properties and in the DPPH antioxidant capacity, aligned with the present study results. The
variation between the different antioxidant assays tested results from the different reaction
mechanisms underlying. In ABTS and ORAC assay differences, the radical possesses a
higher molecular weight than the molecule of transfer mechanisms of hydrogen atom
used in ORAC assay. Consequently, a steric block of the active centers of ABTS can occur,
decreasing their reaction rate. The small molecules of atom transfer of ORAC assay, make
this method considered more accurate as suggested by Campos et al. [18]. In contrast, some
researchers also reported that ORAC assay is as a more relevant technique due to the use of
a biological radical source. However, ORAC assay is a more time-demanding and expensive
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approach [34]. In the case of DPPH, organic solvents are required, being used mainly to
evaluate the contribution of lipophilic compounds to the total antioxidant activity [16].

3.4. Phenolics Composition

Quantitative and qualitative determination of polyphenolic compounds present in
cherry tomato and baby carrot by-products was performed by HPLC. The qualitative
polyphenolic profile of fresh tomato and during frozen and dry storage are depicted in
Figure 2, while their quantitative profile in Table 3, respectively. The quantitative analysis
of tomato suggested the main presence of compounds belonging to the hydroxycinnamic
acid family such as chlorogenic acid, sinapic acid and some derivatives of this group.
Moreover, some flavonols, for instance, rutin, myricetin and quercetin derivative as well as
the naringenin belonging to the flavanones groups were detected (Figure 2).
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Chlorogenic acid was detected and quantified in fresh, frozen and dry tomato, with
concentrations varying from 15.9 ± 0.1 to 32.4 ± 0.7 mg 100 g−1 DM during frozen storage
and from 34.2 ± 0.2 to 38.0 ± 0.3 mg 100 g−1 DM. During freezing storage, a significant
increase was registered after 24 h of freezing but, then, a significant decrease was verified in
M1. After this period, no significant variations were found during storage. Concerning the
drying approach, a significant improvement in chlorogenic acid concentration was verified
but no variations during the storage period were registered. The rutin concentration varied
from 8.0 ± 2.2 to 13.2 ± 1.3 mg 100 g−1 DM during the freezing storage. In this case, a
significant increase until the final stage of freezing was registered. During drying storage,
also a substantial improvement in rutin concentration with no variations during the time
was detected. Sinapic acid, quercetin and naringenin derivatives were only detected on
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fresh tomato and during freezing storage, while naringenin at the dried tomato. Naringenin
was the most incident phenolic compound in dry tomato, with concentrations ranging
from 1132.2 ± 16.5 and 1311.5 ± 29.3 mg 100 g−1 DM. Regarding fresh and frozen tomato,
a naringenin derivative was the most prevalent compound, with concentrations varied
between 314.5 ± 93.8 and 556.0 ± 7.4 mg 100 g−1 DM.

Table 3. Identification and quantification of phenolic compounds (n = 4) present in fresh tomato by-products and during
Table 280. 320 and 350 nm. All results (mean ± standard deviation) were expressed in mg 100 g−1 on a dry basis.

Tomato Sample Chlorogenic Acid Sinapic Acid
Derivative Rutin Quercetin

Derivative Naringenin

Fresh 27.2 ± 2.6 b,A 0.46 ± 0.28 a 11.4 ± 0.8 b,c,d,A 16.9 ± 0.3 c 500.0 ± 27.4 a,b,*

M0 32.4 ± 0.7 c 0.67 ± 0.09 a 11.2 ± 0.4 b,c,d 27.5 ± 2.0 d 501.3 ± 10.7 a.b,*

M1 18.4 ± 0.9 a 0.64 ± 0.28 a 8.4 ± 2.0 a,b 13.0 ± 0.9 a,b 445.3 ± 5.9 b,c,*

M2 16.6 ± 0.5 a 0.52 ± 0.16 a 9.9 ± 1.4 a,b,c 10.8 ± 0.7 a 367.1 ± 48.1 c,e,*

M3 19.5 ± 2.7 a 0.56 ± 0.30 a 8.0 ± 2.2 a 13.3 ± 1.0 b 367.6 ± 52.4 c,e,*

M4 17.2 ± 2.4 a 0.40 ± 0.12 a 8.6 ± 0.3 a,b 13.1 ± 0.8 b 314.5 ± 93.8 e,*

M5 17.2 ± 0.3 a 1.50 ± 0.02 b 12.5 ± 0.3 c,d 17.3 ± 0.4 c 556.0 ± 7.4 a,*

M6 15.9 ± 0.1 a 1.67 ± 0.09 b 13.2 ± 1.3 d 16.4 ± 0.4 c 514.3 ± 3.1 a.b,*

DM0 35.6 ± 3.5 B N.D. 30.5 ± 3.1 B N.D. 1203.5 ± 142.3 A,B

DM2 34.2 ± 0.2 B N.D. 32.0 ± 1.0 B N.D. 1311.5 ± 29.3 B

DM4 35.4 ± 0.1 B N.D. 30.4 ± 0.2 B N.D. 1132.2 ± 16.5 A

DM6 38.0 ± 0.3 B N.D. 32.0 ± 0.2 B N.D. 1224.8 ± 22.7 A,B

Columns with different superscript letters and corresponding to the same processing and storage approach are significantly different
(p < 0.05). Lowercase letters were used for fresh and frozen pulps forms while uppercase letters were used for fresh and dry powders forms.
N.D. = Not detected. * = derivative. M0 = 24 h after the freezing storage of pulps. M1, M2, M3, M4, M5, M6 = month one, two, three, four,
five and six of the freezing storage of pulps, respectively. DM0 = day 0 of the powders storage. DM2, DM4, DM6 = month two, four and six
of the storage period of powders.

The polyphenolic profile of tomatoes is consistent with the data found in the literature.
Macheix et al. [35] reported the presence of some hydrocinnamic acid family derivatives,
while chlorogenic acid, caffeic acid derivative compounds, rutin and naringenin chalcone
were reported by Bénard et al. [36] in tomato. Moreover, Georgé et al. reported the presence
of some phenolic compounds of the hydrocinnamic acid family such as chlorogenic, caffeic
acid and its derivatives as well as rutin and naringenin in red tomato [27]. Regarding
Kamiloglu et al., work [31], rutin and chlorogenic acid were also found in fresh and dried
tomato and, naringenin was only found in dried tomato. This previous work suggested
that the presence of naringenin only in dried tomato may result from the conversion of
naringenin chalcone (present only in fresh tomato) into naringenin after hot-air drying
at 70 ◦C for 36 h. This may be the reason why naringenin was only identified in dried
tomatoes, while a naringenin derivative in fresh and frozen tomato. In Kamiloglu et al.
work [31], the chlorogenic acid concentration was approximately 24 and 15 mg 100 g−1

DM in fresh and dried tomato while rutin concentration varied from 12 in fresh tomato to
9 mg 100 g−1 DM in dried tomato. These values are aligned with the results of the present
study. As previously mentioned, the variations (the concentration of naringenin found in
the dry product was also significantly lower) resulted mainly from the drying approach
(conventional oven) and also HPLC conditions used.

The baby carrot qualitative polyphenolic profile is illustrated in Figure 3. The main
polyphenolic compounds detected belonged to the hydroxycinnamic acid family, for in-
stance, chlorogenic acid, transferulic, isoferulic and trans-ferulic acids, caffeic acid and
(4-)p-coumaric acid. Moreover, myricetin from flavonols group was identified while pro-
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tocathecuic acid of hydroxybenzoic acid family was found in M1 of frozen storage, as
indicated in Table 4, where quantitative polyphenolic concentration was found.
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The chlorogenic acid was the main phenolic compound detected in fresh, frozen and
dry baby carrot by-products. No significant variation in concentration of this hydroxycin-
namic acid was verified until M1 of storage (with a concentration of 2.48 ± 0.07 mg 100 g−1

DM in fresh carrot). After M1, the results suggested a significant improvement in its
concentration, apparently stabilizing at M5 with a concentration value of 62.13 ± 0.41 mg
100 g−1 DM. Trans-ferulic acid was only detected in fresh carrot and M0 and M1 (but
below the quantification limit). Protocatechuic acid was only quantified in M1 of freezing
storage but detected during the total freezing period analyzed, but below the detection
limit. The caffeic acid concentration was only detected since M2, with a concentration
of 0.25 ± 0.02 mg 100 g−1 DM in M5 and 0.41 ± 0.03 and 0.18 ± 0.01 in DM0 and DM2,
respectively. These results may suggest that caffeic acid was positively affected for both
processing methods although despite being present in residual quantities.

The literature also aligned with the polyphenolic profile detected in the present study.
Keser et al., work [2] reported the main presence of phenolic compounds of hydroxycin-
namic acid in carrot powders. The chlorogenic acid and a caffeic acid derivative were the
most incidents phenolic compounds, corroborating the results of this study. Moreover,
other hydroxycinnamic acid family compounds were detected. Previous works also sug-
gested that chlorogenic acid was the most prevalent phenolic compound [37,38], which is
formed by the esterification of hydrocinnamic acids, such as caffeic, ferulic, and p-coumaric
acids, with (-)-quinic acid. Zhang et al. also described chlorogenic acid as the key hydrox-
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ycinnamic acid present in different carrot tissues, representing between 42.2% to 61.8% of
phenolic compounds [39], which also supported the present study results.

Table 4. Identification and quantification of phenolic compounds (n = 4) present in fresh carrot
by-products and during the freezing and drying storage by HPLC analysis at wavelengths of 280, 320
and 350 nm. All results (mean ± standard deviation) were expressed in mg 100 g−1 on a dry basis.

Carrot
Sample

Protocatechuic
Acid

Chlorogenic
Acid

Caffeic
Acid

Trans-Ferulic
Acid

Fresh B.Q.L. 2.48 ± 0.07 a,A N.D. 3.02 ± 0.03

M0 B.Q.L. 2.85 ± 0.23 a N.D. B.Q.L.

M1 14.28 ± 1.67 5.36 ± 2.72 a N.D. B.Q.L.

M2 B.Q.L. 16.58 ± 0.43 b B.Q.L. N.D.

M3 B.Q.L. 39.32 ± 2.51 c B.Q.L. N.D.

M4 B.Q.L. 53.19 ± 1.88 d B.Q.L. N.D.

M5 B.Q.L. 62.13 ± 0.41 e 0.25 ± 0.02 N.D.

M6 B.Q.L. 61.51 ± 0.42 e B.Q.L. N.D.

DM0 N.D. 56.22 ± 3.15 D 0.41 ± 0.03 N.D.

DM2 N.D. 40.04 ± 0.31 C 0.18 ± 0.01 N.D.

DM4 N.D. 37.76 ± 0.08 B,C B.Q.L. N.D.

DM6 N.D. 36.18 ± 0.02 B B.Q.L. N.D.

Columns with different superscript letters and corresponding to the same processing and storage approach are
significantly different (p < 0.05). Lowercase letters were used for fresh and frozen pulps forms while uppercase
letters were used for fresh and dry powders forms. B.Q.L. = below the quantification limit. N.D. = not detected.
M0 = 24 h after the freezing storage of pulps. M1, M2, M3, M4, M5, M6 = month one, two, three, four, five and six
of the freezing storage of pulps, respectively. DM0 = day 0 of the powders’ storage. DM2, DM4, DM6 = month
two, four and six of the storage period of powders.

The phenolic acids identified in cherry tomato and/or baby carrot by-products as well
as their retention time and maximum absorbance wavelength (nm) are present in Table 5.
As suggested by TPC values, the HPLC quantifications suggested a higher presence of
phenolic compounds in fresh tomato and from both processing methodologies adopted.
The differences between HPLC quantifications and the results of TPC by Folin-Ciocalteu
assay may result from the detection limit of phenolic compounds. Moreover, in TPC assay,
Folin-Ciocalteu reagent can react with some interferent molecules present in extracts such
as, proteins and sugars that can result in overestimation of TPC [40].

3.5. Carotenoids and Vitamine E Content

The carotenoid profile at a wavelength of 454 nm was monitored for all samples
previously described and is represented in Figure 4. It is well known that tomato’s red
color is mainly related to its content in lycopene and β-carotene [41]. In accordance, in this
work, these carotenoids were the most prominent in both fresh and processed tomato (both
tomato pulp and powder). Lycopene was the most predominant carotenoid in tomato,
with concentrations between 1250.29 ± 306.39 (M6) and 2393.11 ± 112.68 (M2) mg 100 g−1

DM in frozen pulps and between 161.45 ± 3.85 and 187.16 ± 37.91 mg 100 g−1 DM in dry
tomato. These values are in accordance with previous studies, where lycopene content
ranged between 8 and 18 mg 100 g−1 fresh weight [42]. In another study where tomatoes
were submitted to high temperatures, lycopene concentration ranged between 70 and
120 mg 100 g−1 DM [43]. Similarly in this work, the powders which suffer temperature
treatment had lower carotenoids content than the pulps. The higher values comparing to
the Hidalgo et al. work [43] could be justified by the lower temperatures that were used in
the present work (50 ◦C) comparing to the temperatures used in that work (around 100 ◦C).
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Table 5. Phenolic acids identified in cherry tomato and/or baby carrot by-products.

Phenolic Acids Chemical Formula Retention Time (min) λ Max (nm)

Hydroxybenzoic acid
Protocatechuic acid C7H6O4 17.4 294

Hydroxycinnamic acid
Chlorogenic acid C16H18O9 27.2 326.0

Caffeic acid C9H8O4 31.0 323.6
p-coumaric acid C9H8O3 39.9 309.3

Ferulic acid C10H10O4 42.4 322.4
Sinapic acid C11H12O5 42.7 322.0

Trans-ferulic acid C10H10O4 42.6 322.4
Iso-ferulic acid C10H10O4 45.3 322.4

Flavonols
Myricetin C15H10O8 38.9 375.3

Rutin C27H30O16 49.8 354.7
Quercetin C15H10O7 49.9 343.9

Flavanones
Naringenin C15H12O5 48.8 283.0

Figure 4. The concentration of carotenoids (n = 3) detected in fresh carrot and tomato by-products and during the freezing
and drying storage by HPLC-DAD at a wavelength of 454 nm. All results (mean ± standard deviation) were expressed in
mg 100 g−1 on a dry basis. Bars of the same color and corresponding to the same storage method with different superscript
letters are significantly different (p < 0.05). Lowercase letters were used for fresh and frozen pulps forms while uppercase
letters were used for fresh and dry powders forms. M0 = 24 h after the freezing storage of pulps. M1, M2, M3, M4, M5,
M6 = month one, two, three, four, five and six of the freezing storage of pulps, respectively; DM0 = day 0 of the powders
storage. DM2, DM4, DM6 = month two, four and six of the storage period of powders.

During freezing, a significant improvement in carotenoids content was verified in
the first months of freezing. As previously mentioned, this could be explained by the
cells membranes damage that freezing induces upon thawing depending on the size
and location of the ice crystals [10]. After this period, the concentration of lutein and β-
carotene carotenoids tended to decrease while α-carotene tended to rise, showing the higher
concentration in M6 of freezing storage. Lutein, α- and β-carotene concentrations vary
between 2.21± 0.57 (M6) to 8.10± 1.79 (24 h after freezing), 1.16± 1.03 (fresh) to 9.47± 1.11
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(M6) and 27.09 ± 5.07 (fresh) to 57.49 ± 6.76 (M1), respectively. The values of carotenoids
content in fresh tomato are aligned with previous studies and comparing to the Saini et al.,
work [44]; these values are in conformity to a higher stage of ripening as expected since the
samples in this work were ripe red tomatoes. The decrease in carotenoids content after the
first month of storage is probably related to chemical and enzymatic reactions that cause
carotenoids degradation after their release from the membranes due to the ice crystals [10].

In contrast, there were no key variations in lycopene profile during dry storage, but
a drastic decrease compared with fresh tomato (from 1502.12 to 187.16 mg 100 g−1 DM).
This reduction comparatively to fresh by-product was transversal to the other carotenoids
identified and quantified for dry tomato. Previous studies corroborate these results, demon-
strating that drying decreases carotenoids content in tomato [29]. Moreover, before dry-
ing, vegetables were grounded and fresh-cut processed, which is known to promote cell
membrane rupture. Bioactive compounds are exposed to the oxidative enzyme systems
and are more vulnerable to temperature during processing [30]. Concerning lutein, α-
and β-carotene, some alterations were verified during storage. In the case of lutein and
α-carotene, there was a significant increase during storage from 0.86 ± 0.43 (DM0) to
1.76 ± 0.46 (DM6) mg 100 g−1 DM and 0.90 ± 0.15 (DM0) to 2.33 ± 0.11 mg 100 g−1 DM
(DM4), respectively. Nevertheless, despite significant differences between the months
analyzed, the concentration increase was not meaningful, which can be seen by the value
of α-carotene between at DM6, being statistically not different from the previous months
of storage. Otherwise, the β-carotene concentration decreased during dried storage, from
12.06 ± 1.10 (DM0) to 3.94 ± 0.79 mg 100 g−1 DM (DM6). The conjugated systems of
double bonds of the carotenoids justify their vulnerability to degradation during storage
by isomerization and degradation [30].

The most incident carotenoid in carrot was β-carotene in all months and storage
conditions, followed by α-carotene and lutein, and lycopene was not detected which is in
line with previous works on carrot [30]. The results suggested that β-carotene concentration
improved from 189.89 ± 13.78 in the fresh form to 275.18 ± 3.49 mg 100 g−1 DM in M4 of
frozen storage and after this phase, decreased until 167.01 ± 19.77 mg 100 g−1 DM in M6
of storage. No significant variations were registered in β-carotene concentration until the
M2 of freezing and after M5 of storage. Regarding α-carotene, there was a key increase
of its concentration of about half until the concentration of 64.54 ± 13.25 mg 100 g−1 DM
(M3), reducing posteriorly until 42.06 ± 8.73 mg 100 g−1 DM in M6. Lutein was also
detected varying between 1.87 ± 0.34 (fresh) to 10.61 ± 2.99 mg 100 g−1 DM (M3) and
decreasing until 2.58 ± 0.35 mg 100 g−1 DM in M6 of storage. As previously discussed for
tomato, the increased carotenoid content after the first months of freezing storage could
be related to the liberation of bound compounds due to cell membrane rupture. In carrot,
this liberation was slower, which could be explained by the stronger structure of carrot
comparing to tomato due to higher insoluble fiber content [45]. Carotenoids are located
in the chromoplasts which have a double layer membrane located inside the plant cells;
thus, carotenoids are released slowly because of the several physical barriers that have
to be broken for their release [30]. Previous works also demonstrated that blanching and
freezing carrot slices promoted the increase in carotenoids content [46]. Similarly to tomato
powders, there was a substantial loss of carotenoids concentration after drying, which is
also explained by the combination of the two processing conditions during production of
the vegetable powders that affect carotenoids content: (a) fresh-cut processing that liberates
carotenoids from the cell wall structures turning them susceptible to oxidative enzyme
systems and (b) the drying processing where the temperature promotes degradation of the
free forms of these compounds that were liberated during the fresh-cut processing [30].
Previous works also demonstrated that carrot powders have lower β-carotene content than
fresh carrots [41]. However, there were no significant changes during storage. The lutein,
α- and β-carotene showed concentrations values of 0.66, 7.51 and 34.01, respectively.

Tocopherols (isomers of vitamin E) are lipid-soluble compounds synthesized in plas-
tids that have antioxidant activity and are essential in the human diet [47]. α-tocopherol,
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β-tocopherol, γ-tocopherol and δ-tocopherol concentrations were analyzed during the
entire storage monitorization (Figure 5). The four vitamins E isomers were detected in
tomato while in carrot only α-tocopherol, β-tocopherol and γ-tocopherol were identified
and quantified. In both cases, a significant increase after the first month of freezing storage
was verified in all isomers detected. Similar to carotenoids results, the ice crystals that are
created upon freezing may induce the plastids membrane rupture thus liberating these
compounds, which explains the increase in tocopherols content after freezing [30].

Figure 5. The concentration of α-tocopherol, β-tocopherol, γ-tocopherol and δ-tocopherol (n = 3) detected in fresh carrot and
tomato by-products and during the freezing and drying storage by HPLC-DAD. All results (mean ± standard deviation)
were expressed in mg 100 g−1 on a dry basis. Bars of the same color and corresponding to the same method of storage with
different superscript letters are significantly different (p < 0.05). Lowercase letters were used for fresh and frozen pulps
forms while uppercase letters were used for fresh and dry powders forms. M0 = 24 h after the freezing storage of pulps. M1,
M2, M3, M4, M5, M6 = month one, two, three, four, five and six of the freezing storage of pulps, respectively. DM0 = day 0
of the powders’ storage. DM2, DM4, DM6 = month two, four and six of the storage period of powders.

β- and γ-tocopherols were the most incident isomers in tomato. In previous works
the α-tocopherol was the most incident tocopherol in tomato followed by γ-tocopherol
(the other tocopherols were not analyzed) [43], these could be related to different ripening
stages of samples [44], the different varieties used and influence of the peel in the sampling
as in this work peels were used contrary to the study in comparison [43].

In carrot, α-, β- and γ-tocopherols were found, which is in agreement with previous
studies, where also there 3 tocopherols isomers were reported and the values are similar to
those found in the pulps of baby carrots [48]. In general, the content of α-tocopherol was
similar to the values reported before in literature [30]. The work by Attila et al. [48] showed
that different water supply (rain-fed or irrigated) may significantly affect the tocopherols
content and profile. Despite that α-tocopherol was always the most incident tocopherol,
the second and third tocopherol may be β- or γ-tocopherol depending on the year of
production and type of water supply.

For both vegetables, freezing and powders production increased tocopherols content,
especially for tomato and carrot powder. The results also indicated that there were no
significant alterations in the tocopherols concentration of tomato during all freezing period,
which shows the stability of these compounds. In tomato, α-tocopherol concentration was
2.78 mg 100 g−1 DM, β-tocopherol concentration 5.19 mg 100 g−1 DM and γ-tocopherol
concentration 6.00 mg 100 g−1 DM. In the case of δ-tocopherol concentration, some vari-
ations were verified during the frozen phase analyzed, with a significant increase until
1.03 ± 0.07 mg 100 g−1 DM in M2 and a decrease until 0.43 ± 0.03 mg 100 g−1 DM in the
last month analyzed. In carrot, some slight variations were registered in α-tocopherol,
β-tocopherol and γ-tocopherol concentrations during the frozen period. α-tocopherol
concentration ranging between 0.77 ± 0.08 and 1.04 ± 0.07 mg 100 g−1 DM, β-tocopherol
between 0.59 ± 0.10 and 0.87 ± 0.08 mg 100 g−1 DM and γ-tocopherol between 0.07 ± 0.03
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and 0.68 ± 0.11 mg 100 g−1 DM. In general, for both vegetables, there was stability on
tocopherols content of pulps during freezing storage.

The results of tocopherols concentrations also showed some variations during dry
tomato storage in all isomers but in all cases with a positive impact relative to fresh
by-product. This could be related to the release of these compounds during milling.
Previous studies have demonstrated that granulometry affects antioxidant activity due
to the increased availability of antioxidant compounds [49]. Generally, the tocopherol
profile was also slightly improved comparatively with freezing storage. α-tocopherol, β-
tocopherol, γ-tocopherol and δ-tocopherol showed the higher concentrations in M2 of dry
storage (3.28 ± 0.23, 5.27 ± 0.49, 7.62 ± 0.67 and 0.43 ± 0.03 mg 100 g−1 DM, respectively).

In carrot, the tocopherol profile was substantially improved in the powders. The
higher fiber content of carrot compared to tomato may explain this higher liberation of
tocopherols during powders production comparing to tomato, as these compounds are
released from fiber during this processing [21]. The higher tocopherols content found
in carrot powders comparing to carrot pulps may be related to the milling step that
is absent in pulp production, as previous studies demonstrated that milling promotes
the liberation of bioactive compounds from the fibres [49]. No significant variations
were registered in γ-tocopherol concentration during storage with concentrations around
0.68 mg 100 g−1 DM. The results also suggested no significant differences in α-tocopherol
and β-tocopherol concentrations in the first two months of storage (8.95 and 9.32 mg 100 g−1

DM, respectively), with a significant decrease in month 4 and subsequent stabilization until
M6 (6.97 and 7.50 mg 100 g−1 DM, respectively).

4. Conclusions

This work proves that baby carrot and cherry tomato by-products have high nutri-
tional and functional value as ingredients when transformed both in pulps or powders
as they are rich in bioactive compounds such as phenolic compounds, carotenoids and
tocopherols. This study also demonstrates that the nutritional profile of these by-products
is similar in bioactive terms to the profile of carrot and tomato vegetables that comply with
commercialization standards. Generally, vitamin E isomers are positively impacted by both
storage methods. The concentrations of α-, β-, γ- and δ-tocopherol in tomato and α-, β-
and γ-tocopherol in carrot increase significantly during the freezing storage and after the
drying process. The drying process negatively affects the carotenoid and polyphenolic
content as well as antioxidant capacity, with significant declines after the drying process.
However, there were no relevant variations in antioxidant capacity and bioactive content
in dry by-products during storage. The freezing storage of pulps negatively impacted TPC
and antioxidant capacity evaluated by ABTS and ORAC assays, with sequential decreases
during the frozen period. In contrast, the antioxidant capacity assessed by the DPPH
method, as well as the carotenoid profile, was positively affected in the first months of
freezing but then in both cases, a progressive decline was verified.

Although in the case of freezing process and storage, generally there are sequential
losses of antioxidant activity and bioactive compounds and the drying storage maintain
the properties, the drying process showed to be more aggressive, suggesting that the
nutritional profile of carrot and tomato pulps is more appealing than that of the equivalent
powders. Even so, through this study, it is evident that pulps or powders exhibit a good
functional character and the dry by-products present guarantee the stability during the
selected storage. Overall, this study demonstrated that both processing methods result
in value-added products with interesting nutritional profiles rich in bioactive substances
and considered safe in terms of microbial counts. Consequently, the recovery of these
by-products may have a very interesting positive economic and environmental impact.
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