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Abstract: One of the main factors in the poor use of rose fruits (Rosa rugosa) for juice production is the
tart-sour taste of the raw material. The aim of the present study was to evaluate the physicochemical
characteristics (pH, titratable acidity, total soluble solids, and colour), vitamin C, total polyphenols,
antioxidant capacity only performed by DPPH assay, and sensory preference of mixed juices prepared
on the basis of rose fruits (Rosa rugosa). The pH values, total acidity values, total soluble solids,
and colour on the CIE L*a*b* scale of mixed juices were in the range of 3.47–3.96, 0.94–1.36 g citric
acid/100 mL, 15.8–21.1 ◦Brix, and L* 77.46–87.38, a* 1.90–13.90, b* 30.18–54.39, respectively. The
mixed juices showed high contents of total phenolic compounds (116.21–250.48 mg GAE/100 mL), to-
tal vitamin C (64.18–132.21 mg/100 mL), and DPPH scavenging capacity (30.15–39.23 µg Trolox/mL).
Rose-apple juices (AC1 and AC2) were rated best for tartness and sourness (least tart—3.5 and 3.32,
least sour—4.73 and 4.43 for AC1 and AC2 juice, respectively), and also for overall impression (4.93
and 4.86 for AC1 and AC2 juice, respectively). The mixed-rosa juices can be an alternative for adding
nutritional value.

Keywords: mixed juice; rose fruits; sensory preference; bioactive compounds; antioxidant activity

1. Introduction

The fruit sector not only is looking for the possibility of improving its technolog-
ical processes in order to preserve nutrients as much as possible, but also raw materi-
als that, if properly processed, can expand the available range of wholesome food with
health-promoting properties. In addition, processing often highly perishable fruit into
longer-lasting, storable, and marketable products also allows for the addition of economic
value to the raw materials used [1]. Fruits and their derived products are good sources
of antioxidants which when consumed reduce the risk of inflammations, mutagenicity,
and carcinogenicity [2]. Plant metabolites found in fruits have a direct impact on their
sensory properties. The taste of fruits is directly influenced by primary metabolites (sugars
and acids), and their aroma, colour, and health properties are influenced by secondary
metabolites (polyphenols, terpenoids, aromatic substances) [3].

Rose fruits, apples, and strawberries are examples of foods with bioactive compounds
and functional potential. Rose species have long been used for food and medicinal purposes
in many cultures. Rose fruits are a rich source of polyphenolic compounds belonging to
the group of natural antioxidants and other bioactive substances, including tocopherol,
bioflavonoids, β-carotene, ascorbic acid, lycopene, pectins, organic acids, tannins, sugars,

Appl. Sci. 2024, 14, 113. https://doi.org/10.3390/app14010113 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app14010113
https://doi.org/10.3390/app14010113
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-8709-166X
https://orcid.org/0000-0003-0959-184X
https://orcid.org/0000-0001-9773-7313
https://doi.org/10.3390/app14010113
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14010113?type=check_update&version=1


Appl. Sci. 2024, 14, 113 2 of 20

amino acids, essential oils, triterpenoids, and steroids [4–7]. The popularity of apples
is associated not only with high taste values (fruits can be sweet or sour depending on
the variety), but also with high dietary and health value. Apples (Malus domestica) are a
source of polyphenol antioxidants, which occur in the form of flavonols, flavanols, and
their oligomers and polymers [8]. The presence of phenolic compounds, organic acids, and
aromatic substances in apples may reduce the risk of chronic diseases such as cancer, type
II diabetes, and cardiovascular diseases, and also have anti-allergic properties [9,10]. Straw-
berries (Fragaria x ananassa Duchesne) are very popular due to their desirable sweet taste,
attractive aroma, and red colour. They are characterized by a high content of polyphenols,
flavonoids, vitamin C, and minerals and therefore have an impact on human health and
disease prevention [11–14]. In the food industry, anthocyanins found in strawberries are
used as natural pigments [13]. Strawberries have astringent and diuretic properties and
therefore are described in many folk medicine sources and as a potential medicine [15].
Strawberry juices are used to treat inflammation of the nerves and lungs, and the paste is
used in folk medicine to treat skin and wounds [16]. The antioxidants in strawberries may
help reduce the risk of cardiovascular events and thrombosis [12,16,17].

Among fruit products, juices are characterized by high antioxidant potential. In
Poland, apples and strawberries, rich in natural antioxidants, are very popular fruits for
the production of juices. In terms of crop volumes, Poland is in the forefront of global and
European producers of these types of fruit. In the production of strawberries, Poland was
fifth in the world and second in the European Union and third in the world and first in
Europe in the production of apples [18,19]. Poland produces more than 3.6 million tons of
apples annually and 195.6 thousand tons of strawberries [12,18,19].

The main factor in the limited use of rose fruits for juice production is the tart-sour taste
of the raw material. Because of this, it is very difficult to obtain from rose fruits a product
that is tasty and of good quality at the same time. Apple and strawberry juices are products
that have high nutritional value, mainly due to the richness of phenolic compounds and
easily digestible sugars, which influence the sweetness of the product [20]. Thus, apple
juice or strawberry juice can be a good option to combine with rose juice in a formulation
of mixed juice. In the beverage segment, juice originating from mixed fruits is a new
market opening with great potential [21]. Mixed beverages show an advantage of allowing
for adjustments of the formulations aiming to increase the consumer preference and the
potential health benefits [22]. Mixed fruit products are becoming increasingly popular
among consumers because in addition to combining the nutritional properties of two or
more fruits, they also provide pleasant sensory properties [23]. Preparing mixed products
requires the use of optimization tools to precisely determine the appropriate proportion of
ingredients based on sensory and nutritional values [24]. Therefore, it is very desirable to
determine the possibility of combining rose juice with strawberry or apple juice in order
to obtain a product attractive in terms of colour, taste, and odour and rich in bioactive
compounds. To the best of the authors’ knowledge, there is no study that evaluated the
development of mixed juices on the basis of the rose fruits of Rosa rugosa.

For this reason, the aim of this study was to prepare mixed fruit juices based on
Rosa rugosa juice in order to improve its sensory properties while maintaining a high
content of bioactive components. The processed fruit juice was mixed with different
percentages of apple, strawberry, and rosa fruit juice. Rose, apple, and strawberry fruits
were selected to be used in this work because of their high production in Poland. In the
current study, the physicochemical characteristics (pH, titratable acidity, total soluble solids,
and colour), vitamin C (measured by HPLC method), total polyphenols (measured by
Folin-Ciocalteu reagent’s method), antioxidant capacity (performed by DPPH assay), and
sensory properties of mixed fruit juices were investigated.
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2. Materials and Methods
2.1. Plant Material and Juice Production

Plant material consisted of rose fruits (Rosa rugose), strawberries (Fragaria x ananassa
Duch.) of the variety Rumba, and apples (Malus domestica) of the variety Szampion,
collected in September of 2021 in Poland. The rose fruits were harvested at a plantation
of the company Polska Róża Sp. z o.o., located in the Kotlina Kłodzka. Strawberries were
harvested at a farm plantation located in the Zakroczym near Nowy Dwór Mazowiecki.
Apples were harvested at a plantation of the Warsaw University of Life Sciences-SGGW
located in Warsaw.

The research material consisted of various variants of mixed juices prepared from
rose fruit juices (Rosa rugosa), strawberries, and apples (Table 1). Individual fruits (rose,
strawberry, and apple) were homogenized separately in a Thermomix® device (Vorwerk,
Poland). Then, the homogenized raw materials were separately subjected to enzymatic
treatment for 1 h at 50 ◦C. Enzymatic treatment consisted of adding pectolytic enzymes
(Rohapect® 181030ST, AKE Łaszkiewicz, Dzida, Poland) at a dose of 2 mL/kg of raw
material. Juices (rose, strawberry, and apple) were pressed on a self-made laboratory juice
press equipped with a filter cloth with a mesh diameter of 500 µm and mixed according to
Table 1. The various variants of mixed juices obtained were heat treated at 85 ◦C/15 min
and then bottled into glass 100 mL bottles. For analysis, the obtained juices were stored in
a refrigerator at 4–8 ◦C.

Table 1. Formulation of fruit juices.

Sample
Ingredients

Rose Juice (% v/v) Strawberry Juice (% v/v) Apple Juice (% v/v)

A 100 0 0
B 0 100 0
C 0 0 100

AB1 50 50 0
AB2 60 40 0
AB3 70 30 0
AB4 80 20 0
AB5 90 10 0
AC1 50 0 50
AC2 60 0 40
AC3 70 0 30
AC4 80 0 20
AC5 90 0 10

2.2. Chemicals and Reagents

Hydrochloric acid, 0.1 M sodium hydroxide, anhydrous sodium carbonate, and Folin-
Ciocalteu reagent were purchased from Chempur (Piekary Śląskie, Poland). Gallic acid
anhydrous (GAE), 2,2-diphenyl-1-picrylhydrazyl (DPPH), L-ascorbic acid, oxalic acid,
m-phosphoric acid,6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), DL-
dithiothreitol (DTT), and methanol were purchased from Sigma-Aldrich (Poznan, Poland).
All reagents were of analytical grade.

2.3. Physicochemical Analysis
Determination of pH, Titratable Acidity, Total Soluble Solids, and Colour

The prepared juices were subjected to basic physicochemical analyses. Active acidity
(pH) was determined in accordance with the Polish Standard PN-EN-1132:1999 using a
calibrated electric pH meter (HI 221, Hanna Instruments Inc., Woonsocket, RI, USA) [25].
Titratable acidity (TA) was determined according to the Polish Standard PN-EN-12147:2000
using an automatic titrator TitroLine® 5000 (SI Analytics, Mainz, Germany) [26]. The
results were expressed as g of citric acid per 100 mL of juice. Total soluble solids (TSS)
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were determined in accordance with the Polish Standard PN-90/A-75101:2002 using a
Refracto 30PX refractometer (Mettler Toledo, Columbus, OH, USA) [27]. The results were
expressed in ◦Brix. The colour of the juices was measured with a Konica Minolta CM-3600d
colourimeter (Tokyo, Japan) on the CIE L*a*b* scale.

2.4. Determination of Total Phenolic Content

Samples of tested juices were diluted with distilled water in a ratio of 1:100 v/v. To-
tal phenolic content (TPC) of juice samples was determined by Folin-Ciocalteu reagent’s
method using a UV1650PC spectrophotometer (Shimadzu, Kyoto, Japan) [28]. Total pheno-
lic content was expressed as mg gallic acid equivalents (GAE) per 100 mL of juice, based on
the prepared calibration curve. The equation obtained from the calibration curve of gallic
acid in the range of 5–50 mg/100 mL was y = 0.0334x + 0.1539 (r = 0.9965).

2.5. Determinations of Total Vitamin C (TAA), AA, and DHAA Content

For the determination of L-ascorbic acid (AA), samples of the tested juices were diluted
with 2% oxalic acid in a ratio of 1:10 v/v and filtered through a 0.45 µm PTFE syringe filter
to a chromatographic vial. For the determination of total vitamin C (TAA), samples of the
tested juices were diluted in a 1:1 v/v ratio with a DL-dithiothreitol (DTT) solution and
filtered through a 0.45 µm PTFE syringe filter to a chromatographic vial. Total vitamin
C, L-ascorbic acid (AA), and L-dehydroascorbic acid (DHAA) were determined using
high-pressure liquid chromatography coupled with a UV-VIS detector (Prominence HPLC
system, Shimadzu, Japan) according to a previously published method [29]. The stationary
phase was an Onyx Monolithic C18 column (100 × 4.6 mm, 5 µm, Phenomenex, Torrance,
CA, USA). The mobile phase was a 0.1% m-phosphoric acid. The analysis was performed
in an isocratic system at a flow rate of 1 mL/min. The chromatograms were recorded
at a λ = 254 nm. The equation obtained from the calibration curve of AA in the range of
0.5–40 mg/100 mL was y = 480867x + 193017 (r = 0.999). The DHAA content in the samples
was calculated as the difference between the total vitamin C and AA contents. All results
were expressed in mg/100 mL of juice.

2.6. DPPH Assay

Antioxidant activity was determined with the radical scavenging activity (DPPH)
method proposed by Yen and Chen [30] with some modifications. To 1 mL of the juice,
3 mL of methanol and 1 mL of DPPH solution were added and mixed. The absorbance
of reagents mixture at 517 nm was measured accurately after 10 min using a UV1650PC
spectrophotometer (Shimadzu, Japan). The corresponding Trolox values in µg, which were
responsible for reducing DPPH• radicals by 50%, were read from the curve for Trolox.
Taking into account dilutions and converting the mass of Trolox (250.259 g/mol) into µmol,
the final result was expressed in µmol of Trolox per 1 mL of the tested juice.

2.7. Sensory Evaluation

For fruit juices, colour, odour, and taste are the basic attributes determining the
sensory quality. Samples were presented to thirty persons (15 females and 15 males
between 18 and 40 years of age) in a consumer preference test [31]. The test was a pilot
test (30 participants) and its main goal was to detect unacceptable attributes that could
indicate defects in the technological process. The participants were recruited from staff and
students of the Warsaw University of Life Sciences-SGGW based on their availability and
interest for participation in this study. The persons did not communicate with each other,
assessed the samples in daylight in a room at room temperature, and were provided with
a glass of water to rinse their mouths between each test. Juice testing was performed in
two sessions. Each sensory attribute was scored as a new test and new sample codes (a
three-digit code) were assigned to each attribute assessed so that one test did not influence
the next. All assessors were familiar with the test format (questionnaire) and were trained
in the attributes assessed. They were asked to follow the instructions on the questionnaire
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(Appendix A). Samples were administered of twenty-five millilitres in clear glass containers
at room temperature (approximately 20 ◦C). The following sensory attributes were assessed:
colour, aromatic odour (floral scent), fruity odour, sweet taste, sour taste, tart taste (a drying
out, roughening, and puckery sensation felt in the mouth), and overall impression. The
assessor ranked the juice samples from the least attractive to the most attractive in terms
of the tested feature and marked the codes of these samples in the survey, in which they
could also enter the code of the sample considered unacceptable for a given feature. If
it was impossible to determine differences in a given feature or if a given odour or taste
was not detected, they also marked it on the survey. The ranking method was used for
the assessment, with the option of indicating unacceptable variants, indicating the most
desirable one, and with the option of stating that the indicated feature was not felt. When
assessing colour, the most attractive variant received 5 points and the least 0. If the assessor
did not distinguish colour among the samples, they all received 5 points, and if the assessor
indicated unacceptable variants, they also received 5 points. Aromatic and fruity odour as
well as sweet taste were ranked from the least to the most noticeable, and then the assessor
marked the most desirable variant, which received 5 points, and further variants received
one less point. In this case, the most desirable variant does not always coincide with the
most noticeable juice variant, hence the score. If the assessor did not distinguish between
the samples, all of them received 5 points, and if the assessor indicated unacceptable
variants, they also received 5 points. The tart taste and sour taste were considered negative,
so the least noticeable sample received 5 points and the most noticeable sample received
0 points. If the assessor did not detect a tart or sour taste, then all samples received 5 points.
If the assessor indicated unacceptable variants, they also received 5 points. In the overall
impression, the most desirable juice variant received 5 points, and the least desirable one
received 0 points. The ranking method effectively allows for distinguishing the best and
worst variants. However, it must be remembered that the worst option does not have to be
bad. Therefore, it was possible to distinguish variants that were unacceptable in terms of a
given feature and to distinguish these defective variants, as they also received 5 points.

2.8. Statistical Analysis

The production of fruit juices was achieved in two independent repetitions. All
results determinations were carried out in triplicate and presented as a mean with standard
deviation (SD). Statistical analysis was performed in the Statistica 13.3 (TIBCO Software
Inc., Carlsbad, CA, USA). The effects of the different processing treatments on the measured
compounds content were determined by ANOVA analysis of variance. The differences
between means were evaluated with the Tukey HSD post hoc test (α = 95%). In order to
study the relationships between sensory evaluation and physicochemical characteristics
and between bioactive compounds and antioxidant activity, principal component analysis
PCA was used. The results of the PCA analysis were displayed as biplots. To evaluate the
consumer survey, regression analysis was used to describe the impact of consumer ranking
on the overall impressions for individual juice variants.

3. Results and Discussion
3.1. Sensory and Physicochemical Analysis of Fruit Juice Formulations

The results for the sensory and physicochemical analysis of the mixed fruit juice
formulations are show in Tables 2–4, respectively.

Colour, odour (aromatic, fruity), taste (sweet, sour, tart), and overall acceptability were
evaluated in terms of consumer preference. The study was of a pilot nature and its main
task was to detect unacceptable features that could indicate defects in the technological
process.
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Table 2. Sensory attributes (colour, aromatic odour, fruity odour, sweet taste, sour taste, tart taste,
overall impression) of the tested fruit juice.

Sensory Attributes

Sample COL AROO FRUO SWET SOUT TART OVI

A 4.96 ± 0.20 d 4.26 ± 1.21 d 2.56 ± 1.55 a 1.43 ± 0.97 a 2.15 ± 0.65 a 1.12 ± 0.87 a 3.20 ± 0.27 a

B 4.8 ± 0.00 cd 4.77 ± 1.12 f 4.5 ± 1.22 e 4.15 ± 1.11 d 4.19 ± 0.98 e 4.89 ± 0.99 f 4.90 ± 0.41 e

C 4.00 ± 0.23 b 3.93 ± 1.23 b 3.89 ± 0.92 bc 4.83 ± 1.25 f 4.62 ± 1.11 g 4.96 ± 1.54 f 4.50 ± 0.29 d

AB1 4.70 ± 0.62 c 4.60 ± 0.72 e 4.87 ± 0.51 f 3.37 ± 1.22 c 3.53 ± 1.25 d 2.93 ± 1.48 d 4.60 ± 0.22 d

AB2 4.45 ± 0.75 c 4.30 ± 0.98 d 4.37 ± 0.99 d 3.26 ± 1.60 c 3.63 ± 1.25 d 2.27 ± 0.98 c 4.20 ± 0.37 c

AB3 4.00 ± 0.49 b 4.07 ± 1.70 c 4.23 ± 0.97 d 2.87 ± 1.49 bc 3.03 ± 1.52 c 2.10 ± 0.84 bc 4.00 ± 0.41 c

AB4 3.7 ± 0.88 a 3.97 ± 1.73 c 4.13 ± 1.57 cd 2.71 ± 0.79 b 2.90 ± 1.45 c 1.97 ± 0.81 b 3.75 ± 0.17 b

AB5 3.4 ± 0.35 a 3.70 ± 1.71 b 3.93 ± 1.23 c 2.62 ± 0.73 b 2.70 ± 1.32 b 1.86 ± 0.82 b 3.35 ± 0.00 ab

AC1 4.97 ± 0.18 d 4.23 ± 0.18 d 4.40 ± 0.93 de 4.43 ± 0.94 e 4.73 ± 0.52 h 3.5 ± 1.53 e 4.93 ± 0.25 e

AC2 4.75 ± 0.55 c 3.73 ± 1.36 b 3.90 ± 1.40 c 4.16 ± 1.05 d 4.43 ± 1.22 f 3.32 ± 1.16 e 4.86 ± 0.44 e

AC3 4.10 ± 0.35 b 3.5 ± 1.53 b 3.56 ± 1.23 b 3.10 ± 1.37 c 2.90 ± 1.18 c 2.56 ± 0.90 c 4.10 ± 0.75 c

AC4 4.05 ± 0.52 b 3.2 ± 1.35 b 3.47 ± 1.28 b 3.00 ± 1.32 c 2.83 ± 1.44 c 2.30 ± 1.21 c 4.20 ± 0.33 c

AC5 3.85 ± 0.16 a 2.66 ± 1.83 a 3.17 ± 1.51 b 2.53 ± 1.07 b 2.50 ± 1.17 b 2.13 ± 0.90 bc 4.00 ± 0.49 c

Mean values for triplicates ± SD. The values with different superscript letters are significantly different (p < 0.05).
Abbreviations: COL—Colour; AROO—Aromatic odour; FRUO—Fruity odour; SWET—sweet taste; SOUT—sour
taste; TART—tart taste; OVI—Overall impression.

Table 3. Physicochemical analysis (pH, titratable acidity, total soluble solids) of the tested fruit juice.

Sample pH TA TSS

A 3.45 ± 0.03 a 1.40 ± 0.02 i 21.6 ± 0.3 c

B 4.34 ± 0.02 f 0.48 ± 0.01 a 9.1 ± 0.0 a

C 3.60 ± 0.03 abc 1.28 ± 0.03 ef 13.2 ± 0.2 b

AB1 3.96 ± 0.01 e 0.94 ± 0.02 e 15.8 ± 0.0 b

AB2 3.86 ± 0.06 de 0.98 ± 0.01 e 16.9 ± 0.1 b

AB3 3.83 ± 0.02 cde 1.04 ± 0.03 e 18.1 ± 0.4 ab

AB4 3.75 ± 0.02 bcde 1.12 ± 0.01 e 19.5 ± 0.2 b

AB5 3.70 ± 0.01 abcd 1.24 ± 0.01 e 20.9 ± 0.1 bc

AC1 3.58 ± 0.03 abc 1.28 ± 0.02 ef 17.7 ± 0.3 b

AC2 3.54 ± 0.03 ab 1.30 ± 0.01 fg 18.7 ± 0.1 ab

AC3 3.50 ± 0.03 ab 1.32 ± 0.01 fgh 19.7 ± 0.1 b

AC4 3.49 ± 0.02 a 1.34 ± 0.01 gh 20.2 ± 0.3 b

AC5 3.47 ± 0.02 a 1.36 ± 0.01 hi 21.1 ± 0.3 c

Mean values for triplicates ± SD. The values with different superscript letters are significantly different (p < 0.05).
Abbreviations: TA—Titratable acidity (in g citric acid/100 mL); TSS—Total soluble solids (in ◦Brix).

Table 4. Physicochemical analysis (colour L*, a*, and b*) of the tested fruit juice.

Sample L* a* b*

A 82.70 ± 0.05 de 5.51 ± 0.04 f 47.16 ± 0.06 k

B 77.16 ± 0.01 a 36.92 ± 0.01 m 23.95 ± 0.01 b

C 93.71 ± 0.01 h 0.40 ± 0.02 a 7.12 ± 0.01 a

AB1 83.29 ± 0.04 e 13.90 ± 0.03 l 34.52 ± 0.04 e

AB2 82.22 ± 0.03 cde 11.59 ± 0.05 k 38.25 ± 0.03 g

AB3 81.09 ± 0.07 c 10.75 ± 0.02 j 43.53 ± 0.03 i

AB4 78.38 ± 0.02 ab 10.38 ± 0.07 i 49.59 ± 0.01 l

AB5 77.46 ± 0.06 a 9.79 ± 0.06 h 54.39 ± 0.02 m

AC1 87.38 ± 0.04 g 1.90 ± 0.02 b 30.18 ± 0.04 c

AC2 85.52 ± 0.02 f 2.98 ± 0.01 c 33.32 ± 0.02 d

AC3 83.63 ± 0.07 e 3.41 ± 0.06 d 36.86 ± 0.06 f

AC4 81.51 ± 0.05 cd 3.95 ± 0.03 e 39.18 ± 0.05 h

AC5 79.54 ± 0.07 b 7.20 ± 0.06 g 46.72 ± 0.09 j

Mean values for triplicates ± SD. The values with different superscript letters are significantly different (p < 0.05).
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In terms of colour, rose-apple mixed juices had higher scores than rose-strawberry
mixed juices. As the addition of rose juice increased, the colour acceptance scores of mixed
juices were lower. Another key factor when evaluating food products, including juices, is
odour. In the case of the aromatic odour (floral scent) for variants AB1, AB2, AB3, AB4,
and AC1, none of the persons indicated that these variants were unacceptable. One person
did not like the AC3 variant. Only two people did not like the aromatic odour of the
AC4 and AC5 variants. With such small negative opinions for the AC3, AC4, and AC5
variants and no negative opinions for the remaining variants, it can be concluded that
all variants of the technological process used produced mixed juice with an acceptable
aromatic odour. In the case of the fruity odour, two people found it unacceptable only in
the case of the AC5 variant. None of the persons ruled out the remaining variants. With
such few negative opinions for the AC5 variant and no negative opinions for the remaining
variants, it can be concluded that all variants of the technological process used produced
juices with an acceptable fruity odour. Among all the mixed juices, the AB1 formulation of
mixed rose-strawberry juice (50% rose and 50% strawberry juices) had the most preferred
odour. The odour of this juice was aromatic and fruity, highly acceptable, typical, and
characteristic of the raw materials used. The worst acceptance score in terms of odour was
the AC5 formulation of mixed rose-apple juice (90% rose and 10% apple juices).

In the case of variants AB4, AB5, and AC5, only one person found the sweet taste
unacceptable. None of the persons ruled out the remaining variants. With one negative
opinion for variants AB4, AB5, and AB6 and no negative opinions for the remaining
variants, it can be concluded that all variants of the technological process used produce
mixed juices with an acceptable sweet taste.

Only one person found the sour taste unacceptable in the AC5 variant. None of the
persons ruled out the remaining variants. However, this feature is considered a disadvan-
tage and rejection by one person is alarming. In addition, the AC5 variant was rated the
worst in terms of this feature (2.50). This means that the technological process for the AC5
variant may be inappropriate. Also, for some persons, some variants of rose fruits-based
blended juices were rated lower because they had a sourer taste. This was the opinion of
12, 17, 8, and 12 people, respectively, for the AB4, AB5, AC4, and AC5 variants. A higher
proportion of rose hips resulted in a more acidic mixed juice. In the case of the AB4, AB5,
and AC4 variants, over 35% of persons preferred the less acidic variants of the mixed juice,
and in the case of the AC5 variant, approximately half of the persons preferred the less sour
variants of the mixed juice. This may suggest that a higher share of rose fruits may have a
negative impact on this feature of the mixed juice. The AC1 variant of the juice was rated
the best in terms of sour taste (the least sour), and the AC5 variant of the juice received the
worst rating (the sourest).

In the case of tart taste (a drying out, roughening, and puckery sensation felt in the
mouth), none of the persons ruled out any variant of mixed juice. In the absence of negative
opinions, it can be concluded that all variants of the technological process used produced
mixed juices with an acceptable tart taste. However, for some persons, some blended juice
variants were rated lower because they were more tart in taste. For variants AB4 and
AB5, as many as 12 people thought so, and for variants AB3 and AC5, 7 and 5 people,
respectively. A higher proportion of rose hips resulted in more tart mixed juices. In the
assessment of the taste (sweet, sour, tart) of mixed juices, the highest acceptance scores
were given to the AC1 formulation of mixed rose-apple juice (50% rose and 50% apple
juices) and to the AC2 formulation of mixed rose-apple (60% rose and 40% apple juices).
These juices received the highest sensory scores for sweetness, tartness, and sourness (the
most sweet—4.43 and 4.16, the least tart—3.5 and 3.32, and the least sour—4.73 and 4.43
for AC1 and AC2 juice, respectively).

The last tested attribute, which theoretically includes all the previously discussed
features, is the overall impression. It shows that the AC1 variant of the mixed juice was
the best, and the AB5 variant of the juice was the worst. Cluster analysis (Figure 1) and
regression analyses were performed to determine which of the assessed features of mixed
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juices have the greatest impact on shaping the overall impression of mixed juices. The
cluster analysis showed a high similarity between sweet and sour taste, but also between
the overall impression and the colour of the tested juices. A division of features into two
groups was also observed. The first group included features such as tart, sweet, and sour
taste, and the second group included other sensory features. Regression analysis of sweet
and sour taste explained 73.99% of the variability for the overall impression, and regression
analysis of sweet, sour, and tart taste as well as aromatic and fruity odour explained 68.92%
of the variability in the overall impression.
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Figure 1. Cluster analysis for individual consumer evaluation attributes. Abbreviations: COL—
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The pH values of the single-component juices were in the range of 4.34 ± 0.02 (B),
3.60 ± 0.03 (C), and 3.45 ± 0.03 (A), while the total acidity values were in the range of
1.40 ± 0.02 (A), 1.28 ± 0.03 (C), and 0.48 ± 0.03 (B) g citric acid/100 mL. In the research
conducted by Villa et al. [32], it can be seen that both pH and other qualitative factors
depend on the type of raw material and its variety and therefore the results may differ
significantly for one species. The pH of the strawberry, apple, and rose juices were similar
to those reported by other authors [33–36].

The pH values of the formulations of mixed juices were in the range of 3.96–3.70
(rose-strawberry juices) and 3.58–3.47 (rose-apple juices), while the total acidity values
were in the range of 0.94–1.24 (rose-strawberry juices) and 1.28–1.36 (rose-apple juices) g
citric acid/100 mL.

The addition of a higher concentration of rose juice resulted in mixed juices with lower
pH values and higher total acidity (p < 0.05), which was related to the lower pH (3.45) and
higher acidity (1.40 g citric acid/100 mL) of rose juice compared to strawberry juice and
apple juice. It is known that pH is a very important parameter affecting the microbiological
conservation [37]. All mixed juices had a pH below 4.5, which allows them to be classified
as acidic foods that limit the growth of microorganisms. However, it should be remembered
that too much acidity of the juice may change the taste of the juice and reduce its sensory
preference, as consumers may not accept products with too much acidity [38].

The total soluble solids in fruits mainly contain sugars and acids, dissolved vitamins,
fructans, proteins, pigments, phenolics, and minerals [39]. The rose juice presented higher
TSS content (21.6 ◦Brix) than the strawberry (9.1 ◦Brix) and apple (13.2 ◦Brix) juices or
the mixed juices (15.8–20.9 ◦Brix for the rose-strawberry juices; 17.7–21.1 ◦Brix for the
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rose-apple juices) (p < 0.05). Therefore, the mixed juices with the highest concentrations of
rose juice presented the highest TSS contents (p < 0.05).

Diversified values of colour parameters for fruit juices are caused by the method of
juices obtaining the degree of ripeness and the date of fruit harvest [40]. The obtained juices
differed significantly in terms of brightness (L*), as well as the share of red (a*) and yellow
(b*) (Table 4). The apple juice was the brightest among the single-component juices, while
the rose juice was characterized by the highest share of yellow colour. Strawberry juice had
the lowest brightness and the highest share of red colour.

In the study published by Kalisz and Mitek [41], the colour of apple juice was char-
acterized by brightness at a level very similar to that obtained in this study. On the other
hand, the share of yellow colour was four times higher compared to the tested juice. For
strawberry juice, Kalisz [42] obtained its brightness as lower by more than a half, and red
and yellow colours two and three times higher, respectively, compared to the strawberry
juice described in this paper.

In another paper, Kalisz and Wolniak [43] studied strawberry juice reconstituted from
concentrated juice. It was characterized by a brightness lower by almost five times (19.65)
and a slightly higher share of red (44.56) and yellow (33.71). In the study of Tyburcy et al. [35],
the parameters L*, a*, and b* for the juice of the Rosa rugosa rose were 76.50, 10.54, and 58.39,
respectively. Two-factor analysis of variance showed a significant effect of the addition of
strawberry or apple juice on the value of all colour parameters (Table 5). The proportion of
rosa juice added also had a significant impact on all colour parameters. The proportions of
added juices significantly changed individual colour parameters, which influenced the final
colour assessment. The average value of the brightness parameter was lower for strawberry
juice compared to apple juice. In the case of the share of red and yellow colours, strawberry
juices had a higher average. These values did not depend on the amount of rose juice added.
In rose-strawberry juices, with the increase in the share of rose juice, the brightness and the
share of red colour decreased, while the share of yellow colour increased. In rose-apple
juices, however, a decrease in brightness was observed, and an increase in the share of
yellow and red colours with an increase in the addition of rose juice.

Table 5. Two-way ANOVA analysis of variance for L*, a*, and b* of the tested fruit juices.

Parameter Factor Degree of Freedom Sum of Square Mean Square F Value p Value

L*

The addition of apple
or strawberry juice 1 430.486 430.486 60.90 <0.0001

rose juice 6 492.819 82.1366 11.62 <0.0001

Error 76 537.183 7.06819

Sum 83 1460.49

a*

The addition of apple
or strawberry juice 1 2314.31 2314.31 66.45 <0.0001

rose juice 6 1402.41 233.734 6.71 <0.0001

Error 76 2646.85 34.8269

Sum 83 6363.56

b*

The addition of apple
or strawberry juice 1 1107.3 1107.3 166.36 <0.0001

rose juice 6 9943.92 1657.32 248.99 <0.0001

Error 76 505.86 6.65606

Sum 83 11,557.1

Similarly, Kalisz and Mitek [41] studied apple juices with the addition of rose nectars.
The addition of rose nectars to apple juices resulted in the darkening of the colour of
the products. With a 25% share of rose nectars, the value of the brightness parameter
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was 72.46 and with 50% it was 54.69. The increase in the rose component in apple juice
caused an increase in the share of red and yellow colours, which was also confirmed by our
own research. The mixed juices presented colour characteristics of both juices (rose and
strawberry or rose and apple) (L* = 77.46–83.29; a* = 9.79–13.90; and b* = 34.52–54.39 or
L* = 79.54–87.38; a* = 1.90–7.20; and b* = 30.18–46.72). In the case of mixed juices, when
tested in terms of the L* parameter, single-ingredient juices (strawberry and apple) and
those with 50% and 60% of rose juice were characterized by the highest brightness. Juices
without the addition of rose juice differed statistically significantly in red colour. The share
of rose juice in rose-strawberry juices caused a significant decrease in the a* parameter
(p < 0.05). In the case of rose-apple juices, a significant increase in the share of the parameter
determining the red colour was observed (p < 0.05). Among the mixed juices tested in
terms of the b* parameter, the following juices had the lowest yellow content: without rose
(strawberry and apple) and juices with 50%, 60%, 70%, 80%, 90%, and 100% of rose juice.

Through the PCA (Figure 2) and the averages tables for the sensory and physicochem-
ical parameters (Tables 2–4), strong positive correlations can be seen between a* and pH
and sensory characteristics. Sensory attributes are strongly positively correlated with each
other, but we observe negative correlations between these attributes for TSS (total soluble
solids) and b*. Juices B (strawberry juice) and AB1 (50% rose and 50% strawberry juices)
were characterized by high values for a*, pH, fruity odour (FRUO), and aromatic odour
(AROO). Juices A (rose juice), AC5 (90% rose and 10% apple juice), and AB5 (90% rose and
10% strawberry juice) had high values of b*, total soluble solids (TSS), and titratable acidity
(TA). On the other hand, C (apple juice) and AC1 (50% rose and 50% apple juice) juices had
high values of the L* trait, sweet taste (SWET), sour taste (SOUT), and tart taste (TART).
Juices prepared as a mixture of rose and strawberry had higher values for a* and pH than
juices mixed with apple. Generally, mixed juices with apple juice added had higher sensory
evaluation values.
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Based on the results obtained, it can be concluded that the combination of rose fruits
with other fruits, such as strawberries/apples, may be very interesting and may contribute
to the creation of a juice that is more sensory acceptable than in the case of juice produced
from only one fruit. Observations similar to those in our work were also indicated by Souza
et al. [44], Pereira et al. [45], and Curi et al. [21].

3.2. Vitamin C, Total Polyphenols, and Antioxidant Activity Analysis of Fruit Juice Formulations

The AA, DHAA, TAA, and TPC content and the antioxidant activity of the mixed fruit
juice formulations are shown in Table 6. There are two biological active forms of vitamin C,
L-ascorbic acid (AA) and L-dehydroascorbic acid (DHAA). L-ascorbic acid (AA) is highly
sensitive to technological processes, as well as temperature and the availability of oxygen,
which causes its decomposition [46]. AA degradation involves the conversion of AA to
the form of DHAA, and then DHAA undergoes further reactions such as hydrolysis to
2,3-diketo-L-gulonate or oxidation to a series of products such as cyclic oxalyl threonate,
oxalyl threonate, L-threonic acid, and oxalic acid [47]. As a water-soluble vitamin, AA is
easily extracted into mash juices, but it degrades quickly after pressing and therefore its
concentration in juices is lower compared to intact fruit or parts thereof [48]. The initial
values of TAA were 253.60, 54.56, and 1.14 mg/100 mL in fresh rose, strawberry, and apple
juices, respectively. According to the fitting results, percentages of AA in TAA were 78.2%,
86.5%, and 46.5% in fresh rose, strawberry, and apple juices, respectively. The average
percentages of DHAA in TAA were 21.8%, 13.5%, and 53.5% in fresh rose, strawberry, and
apple juices, respectively. These DHAA percentages suggest that irreversible degradation
of DHAA may occur in fresh fruit juices, and that the oxidation of AA to DHAA and further
degradation of DHAA might have different equilibriums in these three types of fruit juices.

Table 6. L-Ascorbic acid, L-Dehydroascorbic acid, total vitamin C, total phenolic content, and
antioxidant capacity of the tested fruit juices.

Sample AA DHAA TAA TPC Antioxidant
Capacity—DPPH

A 198.30 ± 3.13 j 55.30 ± 1.28 i 253.60 ± 1.28 l 272.93 ± 2.12 j 36.06 ± 0.10 fg

B 47.19 ± 0.50 e 7.37 ± 0.79 b 54.56 ± 0.28 b 44.64 ± 0.91 a 13.13 ± 0.05 a

C 0.53 ± 0.14 a 0.61 ± 0.15 a 1.14 ± 0.11 a 42.69 ± 1.11 a 21.28 ± 0.16 b

AB1 53.29 ± 0.10 f 36.50 ± 0.05 e 89,79 ± 0.05 f 164.40 ± 2.04 d 30.38 ± 0.20 c

AB2 57.35 ± 0.17 g 39.45 ± 0.11 f 96.80 ± 0.29 g 182.22 ± 3.03 e 30.86 ± 0.53 c

AB3 60.23 ± 0.03 g 42.79 ± 0.33 g 103.02 ± 0.36 h 215.89 ± 3.07 g 32.96 ± 0.39 d

AB4 67.78 ± 0.93 h 48.21 ± 1.73 h 115.99 ± 0.79 i 250.48 ± 1.44 i 34,38 ± 0,49 e

AB5 75.65 ± 1.32 i 56.56 ± 1.78 i 132.21 ± 0.46 k 306.17 ± 2.14 k 37.16 ± 0.34 h

AC1 36.29 ± 0.58 b 27.89 ± 0.76 c 64.18 ± 1.34 c 116.21 ± 2.65 b 30.15 ± 0.35 c

AC2 39.41 ± 0.32 c 32.11 ± 1.09 d 71.52 ± 0.77 d 155.42 ± 3.02 c 32.51 ± 0.40 d

AC3 43.11 ± 0.40 d 42.27 ± 0.64 g 85.38 ± 0.24 e 179.22 ± 3.65 e 35.22 ± 0.15 ef

AC4 49.28 ± 0.54 e 56.11 ± 0.57 i 105.39 ± 0.03 h 199.43 ± 3.21 f 36.68 ± 0.48 gh

AC5 58.20 ± 0.69 g 61.23 ± 0.15 j 119.43 ± 0.55 j 230.87 ± 2.98 h 39.23 ± 0.06 i

Mean values for triplicates ± SD. The values with different superscript letters are significantly different (p < 0.05).
Abbreviations: AA—L-ascorbic acid (mg/100 mL); DHAA-L-dehydroascorbic acid (mg/100 mL); TAA—total
vitamin C (mg/100 mL); TPC—Total phenolic content (mg GAE/100 mL); GAE: gallic acid equivalent; Antioxidant
capacity—DPPH (µM Trolox/mL); DPPH—2,2-diphenyl-1-picrylhydrazyl radical scavenging activity.

The obtained values for ascorbic acid were similar to those obtained by other au-
thors. Kalemba-Dróżdż et al. [49] obtained a vitamin C content of 268.3 ± 15.7 mg/100 mL
in rosehip juices. Similar values were obtained by Tyburcy et al. [35], who in their re-
search on Rose rugosa juice determined the content of L-ascorbic acid at the level of
259 ± 1.9 mg/100 mL. In strawberry juices determined by other researchers, the AA con-
tent ranges from 20 to 40 mg/100 mL. The same researchers showed that the reaction rate
constants of AA degradation decrease in juices after adding sugar and also in juices stored
at refrigerated temperatures [14]. Varming et al. [48] reported 3.1–10 mg/L of AA in freshly
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pressed apple juices. According to Bassi et al. [50], the explanation for the missing correla-
tion between the AA content in apples and apple juice was closely related to AA stability,
the content of other polyphenols, pH, pressing efficiency, and juice production conditions.

The mixed juices with a higher quantity of rose juice (AB5, AC5) presented higher AA
content than the other mixed juices, as expected. In mixed juices, AA reductions of 56.6%,
58.4%, 60.6%, 59.7%, and 58.7% were found for rose-strawberry juices formulations AB1,
AB2, AB3, AB4, and AB5, respectively. The AA reduction for rose-apple juices was found to
be 63.5%, 67%, 69%, 69%, and 67.4% for AC1, AC2, AC3¸ AC4, and AC5 juices formulations,
respectively. Schvab et al. [51] reported that ascorbic acid content of orange pasteurized
juice was about 20% lower than a natural one. In this study, it is possible that the decrease
in ascorbic acid content in mixed juices was, among other things, related to the pH value of
these juices. According to Odriozola-Serrano et al. [52], the maximal degradation of ascorbic
acid will occur at pH 4 and the minimal at pH 2. Mixed juices with higher rose juice content
also had a higher DHAA content. Due to the low stability of DHAA, it can be expected
that it may undergo an unfavourable and irreversible hydrolyse to 2,3-diketogulonic acid
and other breakdown products, such as 2-furoic acid and 3-hydroxy-2-pyrone, in a short
period of time [53].

The Folin-Ciocalteu method is usually used for determination of the total polyphe-
nol content, but the reagent is nonspecific. The results of the determinations made by
this method are affected by the presence of reducing sugars, aromatic amines, sulphur
dioxide, ascorbic acid, organic acids, and other compounds, making the results often
overstated. According to Prior [54] and others and Huang and others [55], this method
is based on oxidation–reduction reactions (single electron transfer-SET), and can thus
be considered as one of the methods for the determination of antioxidant activity. All
juices are significant sources of polyphenols. The rose juice presented higher TPC content
(272.93 mg GAE/100 mL) than the strawberry juice (44.64 mg GAE/100 mL) or the apple
juice (42.69 mg GAE 100 mL). In a similar study conducted by Kalemba-Dróżdż et al. [49],
the results for rose juice from Rosa rugosa fruit were close to 200 mg GAE/100 mL. However,
Tyburcy et al. [35] in their research on Rosa rugosa fruit juices obtained a TPC content of
432.7 ± 3.3 mg GAE/100 mL. In the research conducted by Michalak-Majewska et al. [56],
TPC was determined in apple juices at approximately 18.85 mg GAE/100 mL. This value
was much lower than that obtained for the tested apple juice. According to Oszmiański
et al. [57], the polyphenol content in apples and products obtained from them depends
mainly on the variety used and the processing technology, and for fresh juices it is much
higher because during storage the juices lose about 50–90% of their polyphenols content.
Also, in strawberry juices different authors obtained different TPC results. The TPC deter-
mined by Kalisz [58] for strawberry juice was 197.4 mg GAE/100 mL and that determined
by Wolniak and Kalisz [59] was approximately 143 mg GAE/100 mL for strawberry juice
prepared from strawberries of the Marmolada variety. The rose-strawberry juices pre-
sented TPC in the range of 164.40 ± 2.04, 182.22 ± 3.03, 215.89 ± 3.07, 250.48 ± 1.44, and
306.17 ± 2.14 mg GAE/100 mL for AB1, AB2, AB3, AB4, and AB5 formulations, respec-
tively. The rose-apple juices presented TPC in the range of 116.21 ± 2.65, 155.42 ± 3.02,
179.22 ± 3.65, 199.43 ± 3.21, and 230.87 ± 2.98 mg GAE/100 mL for AC1, AC2, AC3, AC4,
and AC5 formulations, respectively. The increase in the rose juice concentration resulted
in the increase in the TPC content (p < 0.05) in the mixed juices. The result may be related
to the higher TPC content in rose juice, which is also confirmed by the results of other
authors. Apple juices tested by Kalisz and Mitek [41] had a polyphenol content of 71.1 mg
GAE/100 mL, and the addition of rose nectar at 25% and 50% increased the polyphenol
content to 224.7 and 378.8 mg GAE/100 mL, respectively.

The addition of juices with rose fruits significantly affects the antioxidant activity
of juices with strawberry and apple. Among single-ingredient juices, strawberry juice
had lower antioxidant activity. This value was independent of the addition of rose juice.
There was also a statistically significant difference between the addition of apple juice and
strawberry juice to rose fruits juice (p < 0.05).
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Antioxidant activity is related to the presence of various bioactive compounds in food
products, such as polyphenols and vitamin C. Wolniak and Kalisz [59] observed in other
strawberry juices a positive correlation between the total phenolic content (Folin-Ciocalteu)
and the antioxidant activity (DPPH). The high content of polyphenols and vitamin C
contributes to the high antioxidant potential of food products. However, compounds
belonging to polyphenols differ in their antioxidant activity. In addition, we must not forget
that synergistic interactions (e.g., vitamin C with other phenols) or inhibitory interactions
may occur between compounds [29]. Therefore, for example, raspberries, although they
have lower polyphenol content, bind the DPPH radical better than blackcurrants [60].
Juices without rose fruits juice had significantly the lowest antioxidant activity. Juices with
90% and 100% rose juice were characterized by the highest antioxidant activity. Rose juices
with 50% apple juice had an antioxidant capacity of 30.15 µmol of Trolox/mL, which is
almost twice as high as that obtained by Kalisz and Mitek [41]. In the case of strawberry
juices, the antioxidant activity value was 13.13 µmol of Trolox/mL and this was a value
three times higher than the value obtained by Kalisz [42].

Through the PCA (Figure 3) and the averages table for bioactive compounds and an-
tioxidant activity (Table 6), a correlation between DPPH, DHAA, and TPC and a correlation
between TAA and AA can be observed. The formulations A (rose juice) had the highest
value of all five characteristics, and the formulations B (strawberry juice) and C (apple
juice) had the lowest values. The formulations AB1 (50% rose and 50% strawberry juices),
AB2 (60% rose and 40% strawberry juices), and AB3 (70% rose and 30% strawberry juices)
had average values for all five characteristics. The formulation AB5 (90% rose and 10%
strawberry juices) was characterized by the highest content of phenols. The high correlation
between the polyphenol content and antioxidant activity in the case of all tested mixed
juices may suggest that the high content of polyphenol compounds is accompanied by high
antioxidant potential.
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tions and bioactive compounds and antioxidant activity.

In general, as with the sensory, it appears that combining fruits may provide the
opportunity to obtain juices with greater nutritional value than those prepared from
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individual fruits. For example, the content of phenolic compounds in the AB5 formulation
(90% rose and 10% strawberry juices) and the antioxidant activity in the AB5 (90% rose and
10% strawberry juices) and AC5 (90% rose and 10% apple juices) formulations were higher
than in the formulations of juice prepared from one of these fruits.

4. Conclusions

This study may contribute to increase the availability of the Rosa rugose fruit and
its mixed fruit juices for consumers. The mixed rosa juices can be an alternative for
adding nutritional value. One of the main factors in the poor use of rose fruits (Rosa
rugose) for juice production is the tart-sour taste of the raw material. For this reason, it
is very difficult to obtain a tasty and good quality product from rose fruits. Therefore, it
was advisable to determine the processing suitability of rose fruits and the possibility of
preparing a product based on this raw material, attractive in terms of colour, aroma, and
taste and rich in bioactive ingredients. To obtain such product, different formulations of
rose-apple and rose-strawberry juices were prepared which differed in the percentage of
added juices. The mixed juices showed high total phenolic compounds (116.21–250.48 mg
GAE/100 mL), total vitamin C (64.18–132.21 mg/100 mL), and DPPH scavenging capacity
(30.15–39.23 µg Trolox/mL). A higher proportion of rose hips resulted in a more acidic
mixed juice. This may suggest that a higher share of rose fruits may have a negative
impact on this feature of the mixed juice. The research shows that the best rose-strawberry
juice (AB5) in terms of vitamin C content (132.21 mg/100 mL), polyphenol content (TPC—
306.17 mg/100 mL), and antioxidant activity (DPPH—37.16 µM Trolox/mL) was one of
the worst in sensory evaluation (tart taste—1.86; sour taste—2.70, and overall impression—
3.35). Rose-apple juices (AC1 and AC2), which received the highest sensory ratings for
the tart and sour feature (least tart—3.5 and 3.32 and least sour—4.73 and 4.43 for AC1
and AC2 juice, respectively) and for overall impression (4.93 and 4.86 for juice AC1 and
AC2, respectively) had a lower content of bioactive substances. These juices contained
approximately 2.6 and 2.0 times less TPC for the AC1 and AC2 juices, respectively, and for
vitamin C approximately 2.0 times less in comparison to the AB5 juice. The antioxidant
activity of juices AC1 (30.15 µM Trolox/mL) and AC2 (32.51 µM Trolox/mL) was also
lower in comparison to juice AB5. Despite the lower content of tested bioactive compounds
and antioxidant activity in rose-apple juices (AC1 and AC2), this is many times higher than
in apple juice (TAA—1.14 mg/mL; TPC—42.69 mg/mL; DPPH—21.28 µM Trolox/mL).
Generally, mixing rose fruits juice with apple or strawberry juice resulted in a significant
increase in antioxidant activity and the content of the tested bioactive compounds in
comparison with single-ingredient apple or strawberry juice.

Based on the conducted research, it can be concluded that rose fruits are a suitable raw
material for the production of mixed juices. It has been found that the mixed juice of these
fruits can have better sensory and nutritional characteristics than when used individually.

Therefore, mixed rose-apple or rose-strawberry juice could be an alternative natural
functional food that may contribute to increasing rose fruit consumption.
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Appendix A

Questionnaire used in the ranking test of various variants of mixed juices prepared on
the basis of the rose fruits (Rosa rugosa).
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