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Abstract: Although the beneficial health effects of prebiotics have been demonstrated in numerous
research papers, its incorporation into daily food remains unfamiliar to consumers. This work
evaluates the resistant maltodextrin (RMD) addition in the sensory attributes of pasteurized orange
juice, together with the physico-chemical properties and the aromatic profile. RMD addition
moderately improved almost all sensory attributes evaluated by panellists. It also proportionally
increased °Brix together with density and decreased acidity. Colour changes were registered with
higher RMD concentrations. Orange pulp presence affected the volume particle size distribution
analysis while RMD addition did not exercised any effect. The aroma volatile compounds were also
analysed. Pulp-added samples marked higher alcohol and aldehydes quantity, whereas pulp-free
samples registered higher terpenes and terpenoids values. Ketones and acids were also quantified.
RMD had a moderate impact on volatile compounds quantifications, playing the orange pulp
presence a much more decisive role. A correlation analysis was also performed to relate
instrumental and sensorial determinations for all samples. This work proves that the addition of
RMD to orange juice is technologically feasible while also achieving a good response at the sensory
level.

Keywords: resistant maltodextrin; pasteurized orange juice; sensory evaluation; physico-chemical
properties; volatile aroma compounds

1. Introduction

Consumers’ consciousness towards a healthy diet in recent years has increased the demand for
high-value food products, such as functional ingredients [1], aiming to improve the nutritional
properties of conventional food and beverages. Within the functional ingredients, prebiotics emerges
as a route of great interest to meet consumers’ needs due to their contribution to human health.
Prebiotics are a group of dietary fibers whose selective fermentation results in specific changes in the
composition and/or activity of the gastrointestinal microbiota, thus conferring benefits upon host
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health [2]. Substances such as inulin, fructo-oligosaccharides, gluco-oligosaccharides, lactulose,
isomalto-oligosaccharides, or lactosucrose have been widely studied because of their prebiotic
activity [3,4]. However, resistant maltodextrin (RMD), which is a corn-based non-digestible fiber [5],
is gaining popularity in recent times because of its positive implications in human health [6-9].

This functional food trend represents an innovation focus on the food industry to develop new
food products that go beyond basic nutrition and good tasting [10,11]. As such, it entails technological
challenges depending on the food matrix, processing, packaging, shelf life, etc. For this reason, it is
convenient to investigate the application of these substances on easily manageable matrices, such as
beverages. Accordingly, orange juice is a suitable vehicle for this kind of functional ingredient
because it already contains functional compounds [12] and because it is the most preferred fruit juice
flavor among consumers [13]. Besides, prebiotics added to liquid matrices could be more effective in
terms of health impact because they are usually easier to digest than solid foods. However, it is
widespread to apply a pasteurization process to commercial orange juice. It is well-known that
thermal treatments cause a complex series of chemical reactions which either losing the original
aroma or developing foreign odors to fresh orange juice [14]. Therefore, protecting or improving the
original sensory attributes of heat-treated orange juice is an interesting challenge that needs to be
further exploited.

The healthy effect of many prebiotics has been proven in clinical trials [15]. However, the
incorporation of functional ingredients into day-to-day foods could be more familiar to consumers
[16]. So, in addition to the health effect of functional ingredients, it is also of great relevance to
elucidate the impact of functional compounds in food products, as it is critical for consumer
acceptance. Therefore, this work aimed to evaluate the sensory attributes of pasteurized orange juice
with RMD, together with the physico-chemical properties and the aromatic profile. Analysing how
functional ingredients influence sensorial properties of conventional foods and their acceptability is
essential to improve consumer predisposition to turn towards healthier eating habits.

2. Materials and Methods

2.1. Raw materials

This study was conducted with freshly squeezed orange juice supplied by Refresco Iberia S.A.U.
(Valencia, Spain). All oranges were of Spanish origin. RMD (Fibersol-2) added to the juice was
purchased from ADM/Matsutani, LLC (Decatur, IL, USA). Frozen pasteurized orange pulp was
provided by a local fruit processing company (Zumos Valencianos del Mediterraneo, Valencia,
Spain).

2.2. Sample preparation and pasteurization

Eight samples of orange juice were prepared. Four were orange juice with pulp (OJP), and the
other four were orange juice without pulp (OJWP). Fresh orange juice was directly collected from the
industrial squeezed lines. Orange pulp (2.5%) was added to the OJP samples. Pulp content was
homogenised using a stirrer (LH Overhead Stirrer, VELP Scientifica, Italy) by applying 200 rpm for
5 minutes. Increasing RMD concentrations (2.5, 5, and 7.5%) were mixed into OJP and OJWP samples.
Thus, for a final beverage portion of 200 mL, 5, 10, or 15 g of RMD respectively would be ingested,
enough to display functional effects according to other studies [6-9]. Control samples without RMD
addition (OJP0 and OJWP0) were also prepared, and they complied with the European Fruit Juice
Association orange juice guidelines (AIJN), so no adulteration or deviation occurred during the juice
extraction. To properly dissolve RMD in the fresh orange juice, the same stirrer at 200 rpm for 15 min
was used. Finally, all samples were pasteurized (Fruchtsaftdispenser, Mabo Steuerungselemente
GmbH, Germany) at 85 °C for 10 s, and were hot filled into 250 mL polyethylene terephthalate (PET)
bottles. After the heat treatment, all bottles were immersed in a cold-water bath (< 10 °C) for 30
minutes to cool down.
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2.3. Sensory analysis

A trained panel of 15 members, 6 men, and 9 women, conducted a sensory analysis of the orange
juice samples. The age of the panellists ranged from 28 to 55 years old. They evaluated colour,
aromatic intensity, sweetness, acidity, bitterness, mouthfeel, off-flavour, and acceptability as the
attributes of the orange juices samples by using a 9-point hedonic scale (9 = like extremely; 1 = dislike
extremely) [17].

During test session, panellists worked in individual booths. All samples were presented to the
panellists at 20 °C under normal lighting conditions in 50 mL cups, and a 3-digit random number
was placed on them, identifying each sample. Water at room-temperature was given to the panellists
to clean the palate before trying the next sample. At the session, the panellists evaluated all eight
samples (with and without orange pulp addition, and with and without RMD addition).

2.4. Physico-chemical determinations

2.4.1. °Brix, pH, acidity, and density

Total soluble solids (°Brix) were measured using refractometry (Abbemat 200, Anton Paar,
Austria). Determination of pH was made using a Basic 20 pH meter (Crison, Spain). Acidity,
expressed as grams of citric acid per 100 mL (gCA/100 mL), was determined using a DL53 acid titrator
(Mettler Toledo, Switzerland). Density was obtained using a densimeter (DMA 5000, Anton Paar,
Austria). All determinations were performed in triplicate by AOAC guidelines[18].

2.4.2. Particle size

Juice particle size distribution was determined by applying the laser diffraction method and Mie
theory [19] by using a particle size analyser (Malvern Instruments Ltd., Mastersizer 2000, U.K.)
equipped with a wet sample dispersion unit (Malvern Instruments Ltd., Hydro 2000 MU, U.K.). Laser
diffraction reports the volume of material of a given size, since the light energy reported by the
detector system is proportional to the volume of material present. The Mie theory requires
information on the sample and the dispersant optical properties. For orange juice, the particle
refraction and absorption were 1.52 and 0.1, respectively, and the water refraction index was 1.33.
The sample was dispersed in distilled water and pumped through the optical cell under moderate
stirring (1,800 rpm) at 20 °C. The volume (%) against particle size (in pum) was obtained, and the size
distribution was characterized by the volume mean diameter (D[4,3]). The standard percentile d(0.1),
or particle size below which 10% of the sample lies, and d(0.9), or particle size below which 90% of
the sample lies, were also considered for juice characterization.

2.4.3. Colour measurement

The sample colour was measured using a colourimeter (Konica Minolta CM-700d/600d series,
Tokyo, Japan) with a standard illuminant D65 and a visual angle 10°. Results were obtained in terms
of L* (brightness: L* = 0 (black), L* = 100 (white)), a* (-a* = greenness, +a* = redness), and b* (-b* =
blueness, +b* = yellowness), according to the CIELab system [20]. Total colour differences (AE) were
calculated by comparing each sample with RMD with its corresponding control (OJWP0 or OJP0).

2.5. Analysis of volatile compounds by ITEX/GS-MS

The extraction and analysis of volatile compounds were performed according to Igual et al. [21]
using the in-tube extraction technique (ITEX) followed by their separation and identification by gas
chromatography-mass spectrometry (GC-MS), using a GC-MS QP-2010 model (Shimadzu Scientific
Instruments, Kyoto, Japan) equipped with a Combi-PAL AOC-5000 autosampler (CTC Analytics,
Zwingen, Switzerland) and a capillary column (ZB-5ms, 30 m x 0.25 mm i.d. x 0.25 um, Phenomenex,
Torrance, USA). For the volatile extraction step, a hermetically sealed headspace vial containing 0.5
g of sample was incubated at 60 °C under continuous agitation for 10 min. After the incubation, from
the headspace phase, the volatile compounds were adsorbed (aided by the headspace syringe)
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repeatedly (15 strokes) into a porous polymer fiber microtrap (ITEX-2TRAPTXTA, Tenax TA 80/100
mesh, ea). The extraction of the volatile compounds and their thermal desorption and injection into
the GC-MS injector were performed automatically using the Combi-PAL AOC-5000 autosampler.
These parameters for the column oven were used: from 38°C the temperature has risen to 110 °C and
then to 250 °C at 4 °C/min and 20 °C/min, respectively, and the final temperature was held for 5 min.
The identification of the samples” volatiles was based on their mass spectra using the software’s
NIST27 and NIST147 mass spectra libraries and was verified and compared with retention indices
drawn from databases [22,23]. Results are expressed as a relative percentage from the total peak area.

2.6. Statistical analysis

Analysis of variance (ANOVA) was applied with a confidence level of 95% (p < 0.05) to evaluate
the differences among samples. Furthermore, a correlation analysis (CA) among sensorial attributes
of juices was conducted with a 95% significance level. A multiple factor analysis (MFA) was also
carried out to relate results from instrumental and sensorial determinations for the evaluated juices
and study their influences on samples. Statgraphics Centurion XVII Software, version 17.2.04
(Statgraphics Technologies, Inc., The Plains, VA, USA) and XLSTAT statistical software version 2021
was used [24].

3. Results and Discussions

3.1. Sensory evaluation

Figure 1 shows the sum of scores of each sample without orange pulp (a) and with orange pulp
(b) for each evaluated sensory attribute. In general terms, the most noticeable changes occurred in
the sensory parameters related to smell and taste, such as aromatic intensity, sweetness, acidity, and
bitterness, which affected the overall acceptability of the samples in both OJWP (a) and OJP (b)
samples, respectively. OJWP0 marked the highest aromatic intensity of all samples. Similarly, OJWP0
rank also has the highest value in acidity and bitterness and the lowest in terms of sweetness. OJP0
had similar scores to OJWPO, which led to the lowest acceptability scores for both standard samples.
This could be expected since the standard samples consist only of pasteurized orange juice (OJWPO0)
and pasteurized orange juice with pulp (OJP0), without any addition of RMD.

—a—0JWP0 —e—OJWP2.5 OJWP5  —a—OJWP7.5 —a—0JPO0 —e—0JP2.5 OJP5 —4—O0JP7.5

Color Color
125 125+

Aromatic intensity Acceptability Aromatic intensity
75 /
50

25

Acceptability

Off-flavour Sweetness Off-flavour

Mouthfell Mouthfell Acidity

Bitterness Bitterness

(@) (b)
Figure 1. Score of the different sensory attributes evaluated in pasteurized orange juice with or
without pulp and 0-7.5 % of RMD addition. (a) OJWP, orange juice without pulp; (b) OJP, orange juice
with pulp. Concentric octagonal isolines show the axis tick marks.
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RMD addition to OJWP and OJP samples moderately improved almost all the sensory attributes,
except for the aromatic intensity, which obtained slightly lower scores. This could be due to RMD
addition, which lead to a reduction of the orange juice content in the final sample, and therefore an
aromatic loss could be expected. Moreover, RMD-added OJP samples did not show any additional
off-flavour compared to the standard OJP0 sample. In contrast, RMD-added OJWP samples did
present more off-flavours, especially at high RMD concentrations. Rega et al. [25] stated that orange
pulp strongly influences flavour release in orange juice and increases the fresh orange juice character.
Thus, orange pulp seems to play a role in masking possible off-flavours derived from RMD addition
to orange juice. In addition, the sweet/acid ratio has been identified as a basic precept when judging
the sensory quality of many fruit-based products [26]. RMD incorporation increased the sweetness
scores and decreased the acidity and bitterness scores, being this effect higher at higher RMD
concentrations. This resulted in a higher overall acceptability of the RMD-added samples. This
contrasts with the study by Luckow and Delahunty [27], who found that consumers prefer the
sensory characteristics of conventional orange juices to their functional (probiotic and prebiotic)
counterparts. This could be an indicator that RMD is more suitable for developing sensory-attracting
functional foods in comparison with other functional ingredients.

The HSD (Honestly-Significant-Difference) method applied to the sum of ranks was used to
perform a multiple comparison among the samples. The calculated Tukey’s HSD value, according to
assay conditions, was 40.7. When the difference between the sums of rank of each pair of samples,
for each attribute, was greater than 40.7, significant differences between paired samples were
assumed. Significant differences were not observed among the eight samples studied (p > 0.05).
Therefore, the expert judges could not appreciate differences among the samples for any attribute
that showed a significant effect.

A correspondence analysis was carried out to relate the samples by means of the different juices
with all the attributes evaluated and the assessors’ preferences. From this analysis, two factors were
obtained that explained 90% of the variability of the results (Figure 2). The first factor (F1) explained
76.08% of the variability, and the second (F2) explained 13.79%. Figure 2 shows the projection in the
plane of the juices and attributes derived from the correspondence analysis. Samples are mainly
ordered from left to right of the graph from the lowest to the highest RMD concentration on F1. OJP0
was identified as more bitter, whilst OJWO was related to acidity and flavour intensity. OJWP5
sample was favorably evaluated for its color and mouthfeel, and juices with higher concentrations of
RMD were identified as the sweetest. Furthermore, sweetness is the sensory attribute that has the
most weight on overall liking.
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Figure 2. Correspondence analysis. Representation of sensory attributes and samples tested in the
normalized plane defined by the two factors, explaining the variability of the results of the sensorial
analysis. OJP, orange juice with pulp; OJWP, orange juice without pulp; 0-7.5 % of RMD addition.

3.2. Physico-chemical properties

°Brix content of orange juice comes from its sugar content, mainly fructose, sucrose, and glucose.
Also, acidity is a result of its citric acid content. The °Brix/acid ratio plays a major role in the sensory
properties of orange juice. For this reason, it is commonly used as a juice quality indicator and fruit
maturity [28]. They are also measured to ensure non-deviation during the juice extraction process in
accordance with the AIJN [29]. OJWP0 had almost the same (p > 0.05) °Brix as OJP0 (Table 2). RMD
addition proportionally increased (p < 0.05) the °Brix values of orange juice in both OJWP and OJP
samples. This phenomenon was expected as RMD displays good dissolving properties in water [5].
Contrariwise, orange pulp, an insoluble fiber, did not have a significant (p > 0.05) impact on °Brix.
Unlike with the °Brix, adding higher concentrations of RMD to orange juice proportionally decreased
(p < 0.05) its acidity. This could be explained since RMD addition reduced quantity of raw orange
juice, and therefore citric acid. Similar results were obtained in previous works on RMD addition to
orange juice [30-32]. Other studies on prebiotic-added fruit-based beverages also showed the same
behavior [33-35]. Thus, adding RMD to orange juice helped to achieve a favorable sweet/acid balance,
as RMD-added samples obtained higher acceptability scores (Figure 1). RMD incorporation into
orange juice did not affect (p > 0.05) the pH, which ranged between 3.67 to 3.71 in all samples. The
potential technological applications of prebiotics not only for a nutritious upgrade but also for
sensory and physico-chemical improvement of conventional food have been discussed [36].

Table 2. Mean values (and standard deviations) of °Brix, pH, acidity (gca/100 mL), color coordinates
(L*, a* and b*) of pasteurized orange juice and total colour differences (AE).

Sample °Brix pH Acidity L* a* b* AE
OJWPO 123 (0.2)¢ 3.67 (0.02)° 0.920(0.002)> 40.68 (0.13)>  -1.54 (0.13)¢ 29.6 (0.3) -
OJWP2.5 14.4 (02)c 3.67(0.02)> 0.882 (0.002)c 37.89 (0.16)  -1.29 (0.07)<  28.70 (0.07)c 2.95 (0.13)c
OJWP5 16,5 (0.2)> 3.67 (0.02)> 0.861 (0.002)c 36.80 (0.12)c  -1.48 (0.09)¢  27.4 (0.4} 4.5 (0.2)
OJWP7.5 18.7(0.2)> 3.67 (0.02)> 0.838(0.002)s 35.12(0.02)s  -1.51(0.02)¢  26.43(0.12)c 6.41 (0.05)
OJP0 12.2(0.2)¢ 3.70(0.02)*> 0.891 (0.002)> 40.13 (0.10)° -1.35 (0.12)c 29.4 (0.4)>® -
OJP2.5 144 (0.2)c 3.68(0.02)> 0.872(0.002)¢ 38.84 (0.13)c -1.240 (0.002)*> 28.76 (0.15)> 1.46 (0.07)f
OJP5  16.5(0.2)° 3.71(0.02)> 0.849 (0.002) 37.9(0.3)4  -1.350(0.014)c  26.5(1.2) 3.7 (0.5)¢
OJP7.5 18.8(0.2)* 3.68(0.02)> 0.832(0.002)" 35.69 (0.13)f  -1.16(0.05) 265 (0.5 53 (0.2)°

The same letter in superscript within column indicates homogeneous groups established by ANOVA (p <0.05).

OJP, orange juice with pulp; OJWP, orange juice without pulp; 0-7.5 % of RMD addition.

Colour of orange juice, which is mainly due to carotenoid pigments, plays an important role as
a quality indicator and is key to consumer acceptance [37]. RMD addition at higher concentrations
significantly decreased L* values (p < 0.05) (Table 2). Therefore, all orange juices turned slightly
darker when RMD concentration was raised. This is probably because adding RMD reduced the
orange juice content in the finished samples. Orange pulp showed a small but significant (p < 0.05)
effect on the L* values, as all OJP RMD-added samples marked higher L* values than the free-pulp
samples at same RMD concentrations. In addition, OJWP samples got, in general lower a* values than
OJP samples, meaning that OJP samples were slightly redder than OJWP samples. This could be an
indicator that pulp incorporation into orange juice could add carotenoids to orange juice.
Accordingly, in a past study on orange juice bioactive compounds, pulp-added orange juice
presented higher carotenoid content than free-pulp orange juice [31]. b* value was barely affected by
orange pulp presence. Additionally, RMD incorporation to orange juice decreased (p < 0.05) L* and
b* values, meaning that samples lost brightness and yellowness, especially at higher RMD
concentrations. a* values were also affected by RMD, but not in a significant way. Higher RMD
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concentrations caused (p < 0.05) colour changes in both OJWP and OJP samples, mainly in pulp-free
samples.

The analysis for the volume particle size distribution for all OJWP (Figure 3a) and OJP (Figure
3b) indicates that both followed a similar trend. However, pulp-free samples had less data dispersion.
Pulp-added samples, on the contrary, seem to show more data dispersion. This is likely due to the
addition of orange pulp rather than the addition of RMD, since pulp is an insoluble solid of variable
size, while RMD has good water-soluble properties and then should barely affect the volume particle
size distribution. Table 3 summarizes the mean values (and standard deviations) of volume mean
diameter D[4,3] and the standard percentiles d(0.1), d(0.5), and d(0.9). The particle size of OJP samples
presented significantly greater volume mean diameter (p < 0.05) than OJWP samples exclusively
because of orange pulp addition. Also, RMD addition to orange juice hardly had an impact (p > 0.05)
on the volume mean diameter mainly because its water-soluble properties.

— OJWPQ ——0OJWP2.5 —— OJWP5 OJWP7.5 —O0JP0 —0JP25 —O0JP5 OJP7.5

7 7

6 6

=5 -5
2 2

g 2
£

53 33
o o

>, >2

1 1

0 \% 0

1 10 100 1000 10000 1 10 100 1000 10000
Particle size (pm) Particle size (um)
(a) (b)

Figure 3. Volume particle size distributions (representative curves) of pasteurized orange juice with
or without pulp and 0-7.5 % of resistant maltodextrin. OJP, orange juice with pulp; OJWP, orange
juice without pulp.

Table 3. Mean values (and standard deviations) of volume mean diameter (um) D[4,3], standard
percentiles (um) d(0.1), d(0.5), d(0.9), and density (g/cm?) of pasteurized orange juice.

Sample DI[4,3] d(0.1) d(0.5) d(0.9) Density
OJWPO0 302 (13)d 25.6 (1.6)c 245 (10) 665 (30)° 1.0487 (0.0002)s
OJWP25 307 (4  261(12)c 247 (5) 677 (8)¢ 1.0575 (0.0003)f
OJWP5 299 (14) 23 (2)¢ 242 (113 657 (31)¢ 1.0659 (0.0009)¢
OJWP75  286(120  199(1.2F 2309} 632 (28) 1.0757 (0.0004)b
OJPo D760 433 332(18)° 963 (66) 1.0487 (0.0005)s
OJP2.5 410 (37)° 41 (4) 324290 916 (87) 1.0579 (0.0002)¢
OJP5 433 (20)2 41 (3)® 339 (18)2 974 (47)2 1.0670 (0.0003)¢
OJP7.5 427 (25)® 44 (4) 335 20y 957 (62)® 1.0762 (0.0007)0

The same letter in superscript within column indicates homogeneous groups established by ANOVA (p
<0.05). OJP, orange juice with pulp; OJWP, orange juice without pulp; 0-7.5 % of RMD addition.

3.3. Aromatic profile

3.4. Instrumental and sensorial correlations

Juice density is also an important quality control parameter in the juice industry [28]. OJWPO
and OJP0 samples presented the same (p > 0.05) density values. However, adding higher
concentrations of RMD to orange juice proportionally increased density values (p <0.05). In addition,
the RMD-added OJP samples presented slightly higher (p < 0.05) density values compared to the
OJWP samples at the same RMD concentrations. The effect of RMD on orange juice density was
expected as it completely dissolved in water. Moreover, density values and °Brix (soluble solids) have
traditionally presented a clear relationship in matrices that practically only contain soluble solids,
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such as fruit juices. As a result, regression models have been proposed [38,39]. On the contrary,
insoluble solids such as cloud and pulp contribute little to the density measurements industry [28].
Accordingly, °Brix (Table 2) and density values (Table 3) of both OJP and OJWP RMD-added samples
proportionally followed the same trend in this study.

3.3. Aromatic profile

The taste and the overall quality of food are mainly based on the flavors and aromas of
ingredients [40]. Flavour has a direct influence on consumer satisfaction, influencing its direct
consumption. In the present study, the aroma volatile compounds were divided into 5 groups:
alcohols, aldehydes, terpenes and terpenoids, ketones, and acids. Table 4 shows the analysis of
volatile compounds of these groups for all OJWP and OJP samples. OJP samples reported higher (p
< 0.05) alcohol content than OJWP samples, mainly because the content of 1-terpinen-4-ol increased
(p < 0.05) in pulp-added samples. 1-terpinen-4-ol has been considered by some authors as an index
of degradation of the aroma in the orange juice or as an indicator of the age of orange juice [41]. OJP0
marked the highest (p < 0.05) amount of 1-terpinen-4-ol. RMD addition slightly decreased (p < 0.05)
1-terpinen-4-ol content in all OJWP and OJP samples, being this effect clearer in OJWP samples.
Keeping 1-terpinen-4-ol at the lowest possible levels is desirable, as it has been reported as one of the
predominant compounds contributing to storage off-flavour development in citrus juices [42].
Moreover, 1-terpinen-4-ol comes from acid-catalysed hydration of limonene and linanool [43], which
could be enhanced when the °Brix/acid ratio is low, at acidic conditions. Therefore, a decrease in 1-
terpinen-4-ol could be expected since adding RMD to orange juice increased °Brix and decreased
citric acid content (Table 2).

do0i:10.20944/preprints202307.1122.v1
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Table 4. Mean values (and standard deviations) of aroma volatile compound quantification (relative % from total peaks area) of pasteurized orange juice.

Alcohols OJWP0 OJWP2.5 OJWP5 OJWP7.5 OPJo OPJ2.5 OPJ5 OPJ7.5 Odor perception
1-Octanol 0,09(0,03)>  0,11(0,03)®* 0,07(0,03)c 0,07(0,01)c 0,21(0,02) 0,22(0,02)>  0,18(0,01) 0,11(0,02)> citrus
3-methyl-1-Butanol, 0,07(0,02)>  0,06(0,02)¢ 0,06(0,03)bc 0,07(0,02)> 0,16(0,02) 0,02(0,01)4 0,03(0,02)«¢ citrus

2-methyl- 1-Butanol 0,04(0,02)° 0,35(0,02)* whiskey, malt, burnt
1-Terpinen-4-ol 0,69(0,02)c  0,60(0,02)¢ 0,57(0,02)4 0,49(0,02)e 1,03(0,02) 0,88(0,02)°  0,87(0,02) 0,94(0,02)° malty
cis-p-Mentha-2,8-dien-1-ol 0,13(0,02)¢ 0,16(0,03)b¢ 0,15(0,02)b< 0,17(0,02)° 0,14(0,02)>  0,28(0,02) 0,25(0,02)2 turpentine, nutmeg, must

2-Cyclohexen-1-o0l, 2-methyl-5-(1-
methylethenyl)-, cis- // cis-Carveol
2-Cyclohexen-1-ol, 2-methyl-5-(1-
methylethenyl)-, trans- // trans-Carveol

0,34(0,03) 0,24(0,02)¢  0,29(0,04)c 0,31(0,02)  023(0,02)¢  0,12(0,02)c 0,390,020  037(0,02)*  fresh, minty

0,08(0,02)>  0,06(0,01)< 0,07(0,02)>  0,03(0,02)  0,03(0,02)¢ 0,11(0,01)*  0,12(0,02)*  Caraway, Spicy, Citrus, Fruity

Total 1,19(0,10)¢ 1,26(0,15)*  1,25(0,16)¢ 1160011  1,83(0,12)°  141(0,11) 2,18(0,10)  1,82(0,12)°
Aldehydes OJWP0 OJWP2.5 OJWP5 OJWP7.5 OPJo OPJ2.5 OPJ5 OPJ7.5 Odor perception
Dodecanal 0,07(0,02)>  0,05(0,02)c  0,06(0,02)° 0,05(0,02  0,2(0,020  0,10(0,02* 0,06(0,02)°  0,12(0,02* cologne, violet, pine, chypre.
2-Hexenal, (E)- 0,09(0,02)°  0,09(0,02)c  0,08(0,03) 0,09(0,02)  0,20(0,02° 0,050,029 0,14(0,02°  0,16(0,02)°  green, leaf
Heptanal 0,03(0,02)* 0,05(0,02) 0,03(0,02)* 0,04(0,02)2 0,07(0,02)>  0,06(0,02)* Green, oily, fatty, cognac,almond
Undecanal 0,04(0,03 0,05(0,02)*  0,04(0,02) 0,06(0,03°  0,08(0,02°  0,08(0,020 0,08(0,02°  0,080,02°  oil pungent, sweet
Octanal 7,27(0,04)¢  7,18(0,03)*  6,97(0,04) 6,52(0,05)  823(0,04°  896(0,06)° 9,200,040 9,230,038  malty
Nonanal 0,47(0,06)>  0,34(0,03)  0,36(0,02)« 0,43(0,04)  0,63(0,03¢ 0,590,040 0,590,020  059(0,03)° fat, citrus, green
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Decanal 1,64(0,03)¢  1,36(0,05)¢ 1,43(0,03)¢ 1,62(0,03)¢ 2,83(0,03)2 2,28(0,05)c  2,43(0,03)" 2,30(0,04)¢ soap, orange peel, tallow

Total 9,58(0,20)¢  9,10(0,19)° 8,99(0,18)f 8,8(0,21)8 12,13(0,18)c  12,13(0,23)c 12,56(0,17)>  12,48(0,16)"

Terpenes and terpenoids OJWP0 OJWP2.5 OJWP5 OJWP7.5 OPJo OPJ2.5 OPJ5 OPJ7.5 Odor perception

Camphene 0,06(0,02)¢ 0,040,030 0,08(0,02)° camphor, - piney woody with terpy

nuances

B-Pinene 0,49(0,02)c  0,12(0,02)f 0,25(0,03)4 0,18(0,02)e 0,62(0,03)° 0,08(0,02)f  0,62(0,04) 0,69(0,04)> pine, resin, turpentine

Benzaldehyde 0,08(0,02)2 0,07(0,03)>  0,06(0,02)* 0,07(0,02)2 almond, burnt sugar g-

B-Myrcene 34,36(0,06)> 34,88(0,18)>  33,51(0,07)° 32,49(0,08)¢  31,81(0,07)c  31,17(0,10)* 31,06(0,08)  31,00(0,12)f  balsamic, must, spice oy

Limonene 34,18(0,04)c 35,08(0,06)a  34,87(0,06)b 33,87(0,07)d  23,02(0,10)f  25,02(0,07)e 23,16(0,09)f  23,08(0,10)f  citrus, mint S

[B-cis-Ocimene 0,86(0,02)  0,73(0,02)4 0,71(0,02)4 0,83(0,03)¢ 1,05(0,04)° 1,11(0,03)*  1,06(0,03)®®  1,03(0,03) citrus, herb, flower S

a-Phellandrene 0,06(0,02)* 0,03(0,01)° 0,05(0,02)*  0,09(0,03)> 0,07(0,03)® citrus, terpenic, green, woody 3

.gamma.-Terpinene 1,98(0,02)c  1,91(0,02)° 1,97(0,04)¢ 2,20(0,04)4 2,89(0,07)b¢ 3,08(0,05)* 2,81(0,06) 2,97(0,05)* Sweet, citrus, woody, tropical fruits 3

Terpinolene 0,11(0,02)>  0,10(0,02)" 0,11(0,02)° 0,13(0,03)° 0,21(0,02)2 0,12(0,02)° fresh, woody, sweet, pine, citrus =S,

a-Pinene 6,90(0,04)8  6,37(0,03)" 7,24(0,04)f 7,82(0,06)¢ 12,11(0,07)*  10,27(0,06)¢ 10,66(0,08)c  11,36(0,08)>  pine, turpentine g..

B-Linalool 0,64(0,02)c  0,65(0,03)c 0,61(0,02)¢ 0,75(0,05)4 0,53(0,05)f 1,21(0,03)c  1,53(0,03) 1,86(0,04) flower, lavender =

(+)-4-Carene 1,24(0,02)>  1,05(0,03)" 1,07(0,04)° 1,26(0,03)° 1,69(0,06)° 1,78(0,05)*  1,73(0,04) 1,27(0,03)° lemon, resin ™

Benzene, 2-ethenyl-1,3-dimethyl- 0,22(0,03)® 0,16(0,02) 0,22(0,03)a> 0,22(0,03)a>  0,27(0,03) 0,26(0,03)>  0,23(0,03) 0,21(0,03)®  not mentioned in literature 91

[B-Terpineol 0,03(0,03)c  0,14(0,03)4 0,03(0,02)° 0,05(0,03)° 0,13(0,02)4 0,23(0,02)c  0,57(0,03)" 0,79(0,03)2 woody, piney, floral 5
;
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a-Terpineol 0,23(0,04)  0,19(0,03)« 0,15(0,03)de 0,13(0,02)° 0,33(0,02)° 0,24(0,03)  0,40(0,02)° 0,86(0,03) terpenic, oil, anise, mint
a-Citral 0,19(0,02)2 0,05(0,03)° lemon, fruity, sweet
Copaene 0,09(0,02)¢  0,09(0,02)><  0,06(0,03)¢ 0,07(0,02)4 0,19(0,03) 0,13(0,03)*< 0,17(0,03) 0,15(0,04)* wood, spice
1,3,8-p-Menthatriene 0,11(0,02)* 0,06(0,03)" 0,13(0,02) 0,13(0,02)* 0,15(0,03) 0,16(0,03)>  0,14(0,03) 0,16(0,02) Turpentine
Limonene epoxide 0,14(0,03)>  0,15(0,03) 0,14(0,03) 0,14(0,03) 0,14(0,03)a 0,15(0,04).  0,20(0,03)a 0,15(0,02)a Fruit
Caryophyllene 0,13(0,03)>  0,13(0,03)" 0,08(0,02)¢ 0,10(0,02)b< 0,25(0,03)a 0,12(0,03)sc  0,22(0,02)a 0,20(0,02)a Musty, green
a-Caryophyllene 0,03(0,02)¢  0,08(0,02)¢ 0,08(0,02)¢ 0,08(0,02)< 0,12(0,03)abc ~ 0,13(0,03)ab  0,17(0,03)a 0,11(0,03)bc Musty, green
B-Elemene 0,05(0,02)4 0,07(0,03)bed 0,06(0,03)d 0,11(0,02)aec ~ 0,12(0,03)ap  0,13(0,03)a 0,10(0,03)abcd herb, wax, fresh
Naphthalene, 1,2,3,5,6,7,8,8a-octahydro-1,8a-

dimethyl-7-(1-methylethenyl)-, [1R- 1,33(0,03)F  2,73(0,08)4 2,42(0,05)° 2,67(0,05)4 4,12(0,08)> 4,10(0,06)>  4,29(0,07) 3,84(0,02)c green, oil
(L.alpha.,7 beta.,8a.alpha.)]- // Valencene
2-Cyclohexen-1-one, 2-methyl-5-(1-
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methylethenyl)-, (R)-// (-)-Carvone 0,90(0,03)c  1,00(0,03)¢ 1,41(0,04)® 1,80(0,05)° 0,85(0,06)¢ 0,29(0,04)f  1,40(0,06)" 1,21(0,02)¢ Mint

2-Cyclohexen-1-one, 3-methyl-6-(1- \ ‘ .

met}lllylethenyl)-, - y 0,16(0,03)c  0,36(0,03)¢ 1,04(0,03)° 1,18(0,04) 0,08(0,02)f 0,25(0,03)¢  0,12(0,03)<f 0,17(0,02)¢ spicy, carraway

Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-

dimethyl-1-(1-methylethyl)-, (1S-cis)- // delta.- 0,10(0,03): 0,08(0,02):  0,08(0,02)° 0,200,03)*  0,32(0,03)*  0,36(0,03)® 0,41(0,03  0,29(0,01)c  thyme, medicine, wood

Cadinene

(-)-a-Panasinsen 0,21(0,03)2 0,24(0,03)>  0,23(0,04) 0,20(0,02)2 not mentioned in literature

2/6-Octadien-1-ol, 3,7-dimethyl, acetate, (2)-//' o5 g3 0,050,03°  0,06(0,03)®  007(0,03)% 008002 011001}  sweet fruity and floral

Nerol acetate

1-Cyclohexene-1-carboxaldehyde, 4-(1- 0,04(0,03)¢ 0,20(0,03)c  0,12(0,03)c 0,250,030  021(0,03)* 0,040,020 0,370,042  027(0,02)>  herbal, fresh, spicy

methylethenyl)-

B-Citral 0,03(0,03)° 0,05(0,03)° 0,060,032  0,05(0,02)* 0,06(0,02)*  0,04(0,02  lemon

Total 84,38(0,68)" 86,31(0,82)°  86,45(0,88)" 86,74(0,90)°  81,89(1,16)°  81,07(1,08)c 81,95(1,05)  82,19(0,80)

Ketones OJWP0O  OJWP2.5 OJWP5 OJWP7.5 OPJo OPJ2.5 OPJ5 OPJ7.5 Odor perception

Acetophenone 0,04(0,02)c  0,04(0,02) 0,04(0,02)°  0,050,02)c  0,06(0,03 0,18(0,02)>  0,53(0,03)*  must, flower, almond

Ethanone, 1-(4-methylphenyl)- 0,11(0,03)>  0,11(0,03)*  0,11(0,03) 0,15(0,04>  0,0600,03)c  0,050,04) 0,18(0,04)>  046(0,05¢ floral, sweet =

Total 0,11(0,03)c 0,15(0,06)c  0,15(0,05) 0,19(0,07)c  0,11(0,05  0,11(0,07)c 0,36(0,06)>  0,99(0,08)" é

Acids OJWP0 OJWP2.5 OJWP5 OJWP7.5 OPJo OPJ2.5 OPJ5 OPJ7.5 Odor perception 8

Butanoic acid, methyl ester 0,59(0,08)>  0,04(0,01)4 0,06(0,02)4 0,06(0,02)4 1,20(0,02) 0,10(0,02)¢  0,07(0,02)4 0,15(0,03)¢ ether, fruit, sweet ©

Dodecanoic acid 0,17(0,04)> 0,14(0,02)>  0,14(0,03)° 0,13(0,03)  0,07(0,02)  0,25(0,03)° 0,26(0,04  0,24(0,02)®  soapy &

Tetradecanoic acid 0,61(0,08 0,14(0,04)¢  0,27(0,01) 0,24(0,04)  0,14(0,04¢  0,18(0,02)¢ 0,38(0,04°  024(0,03)°  waxy E

Butanoic acid, ethyl ester 1,89(0,07)c  1,35(0,15)¢  1,37(0,04)4 141003  2,33(0,07)°  348(0,05° 1,95(0,06)  2,19(0,11)° fruity, sweet =4

Acetic acid, octyl ester 1,40(0,08)°  0,78(0,03)°  0,74(0,06)" 0,80(0,04>  0,15(0,03)c  0,05(0,01)¢ 0,07(0,03)¢  0,04(0,01)  sour =

Total 4,65(0,36)" 2.45(0,25)0%  2,58(0,16)« 2,63(0,16)  3,87(0,18)"  4,06(0,13)° 2,71(0,19)¢  2,86(0,20)¢ S

n.i. 0,09 0,73 0,58 0,47 0,15 0,99 0,55 0,08 §

The same letter in superscript within column indicates homogeneous groups established by ANOVA (p < 0.05). OJP, orange juice with pulp; OJWP, orange juice without pulp; 0-7.5 % of RMD N
—h

addition. B
=
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Aldehydes are secondary metabolites formed during ripening and maturation period of orange
fruit [44]. The main representants within the aldehydes were the octanal, followed by decanal and
nonanal. Perez-Cacho and Rouseff [45] reported that these compounds were present at 45 (octanal),
22 (nonanal) and 10 (decanal) times greater concentrations in mechanically squeezed orange juice
compared to hand squeezed because industrial juice extraction practices introduce relatively high
levels of peel oil. Brat et al. [46] also quantified greater amounts of octanal, nonanal and decanal in
orange pulp than in orange juice. This explains why pulp-added samples marked higher (p < 0.05)
amounts of octanal, nonanal and decanal, and subsequently higher (p < 0.05) total values of
aldehydes, than OJPW samples. Furthermore, RMD addition to OJWP samples decreased (p < 0.05)
total aldehydes content. Interestingly, it displayed the opposite effect in pulp-added orange juice,
OJP5 ranking the highest (p < 0.05) value of total aldehydes among all samples. Therefore, RMD
addition to pulp-added orange juice seems to retain more aldehydes concentration, especially
octanal, which along with nonanal and decanal have been related to a more intense orange-like/green
note in the overall aroma profile of juice from Valencia variety oranges [47].

Terpenes and terpenoids group reached the largest amount of all 5 volatile compounds groups.
Limonene and (-myrcene were the main compounds of this group, with higher (p < 0.05)
quantification in the OJWP samples than in the OJP samples in both cases. Presence of limonene and
-myrcene at these values seems to be related to orange juice extraction, as industrial processes apply
higher manufacturing pressures compared to manually hand squeezing processes, therefore leading
to higher orangel peel oil extractions [14,48]. Pulp incorporation implied a reduction of orange juice
in OJP samples. As a result, pulp-free samples got higher (p < 0.05) total values of terpenes and
terpenoids, ranging between 84.38% to 86.74%, whilst pulp-added samples registered values in the
range of 81.07% to 82.19%. Although limonene concentrations could be influenced by several factors
such as orange maturity stage, origin, variety, way of harvesting and juice processing conditions [49],
it has been also found as one of the predominant volatile compounds in other orange juice studies
[43]. Despite its high concentration, the contribution of limonene to orange aroma is considered the
most conflicted of any of the volatiles in orange juice. In fact, Perez-Cacho and Rouseff [14] stated
that limonene does not display a key impact in orange juice, although it is a necessary component of
any orange juice odor model. In other study, they also hypothesized that limonene could work as a
“lifting agent” for other volatiles, in a similar way as ethanol does in wine [45].

In addition to limonene and (-myrcene, a-pinene was the next highest quantified volatile
compound in the terpene and terpenoids group, especially in the pulp-added samples. Brat et al. [46]
reported a higher amount of a-pinene in orange pulp than in orange juice. Therefore, this seems to
be due exclusively to orange pulp incorporation. RMD addition slightly increased (p > 0.05) total
values of terpenes and terpenoids in pulp-free samples. However, higher RMD concentrations did
not cause a higher impact. Moreover, it did not have an effect (p > 0.05) on pulp-added samples.

From the ketones group, no difference (p > 0.05) was observed between OJP0 and OJWP0. RMD
hardly increased (p > 0.05) total ketones quantification in pulp-free samples. However, in pulp-added
samples, RMD incoporation did had a significant effect by increasing (p < 0.05) total ketones values.
Ketones have been related to the aromatic quality of orange juice [41]. Moreover, from the acids
group, the biggest amount was identified in OJWP0 and OJP0 increasing (p < 0.05), butanoic acid-
ethyl ester and acetic acid-octyl ester being the mainly identified acids. This could be correlated with
the fact that, during sensorial analysis, panelists identified control samples with higher acidity.
Adding higher RMD concentrations reduced (p < 0.05) total acids values, probably because its
addition implied a reduction of orange juice in the final samples.

Consumers expect high-quality juices, with sensory properties like those found at unprocessed
fresh juices. However, pasteurization is known to affect aroma release in a negative way [14]. This
seems to be related to interactions such as polymerization of proteins and pectin during heat
treatment [50]. Orange juice can be considered as a multiphase system of an aqueous phase and a
water-insoluble phase comprising both cloud and pulp, which contains large amounts of cell wall
polysaccharides and can be a source of pectin [51]. Then, pulp particles could enhance such chemical
reactions during the orange juice pasteurization process.


https://doi.org/10.20944/preprints202307.1122.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 July 2023 do0i:10.20944/preprints202307.1122.v1

12

Other factors affecting aroma volatile compounds' retention are matrix constituents like fat,
carbohydrates, and proteins [52]. Prebiotics, such as RMD, could be used innovatively to replace fat
in food products and enhance the mouthfeel by providing better tongue lubrication [53]. Lipids are
the most prominent aroma compound retention components, so the interactions between volatile
compounds and RMD become increasingly relevant al low-fat products [52]. Orange juice is
inherently fat-free. However, since starch-based ingredients could be used to retain and protect
volatile compounds, it could positively influence their loss through the evaporation process [52].
Volatile compounds binding to starch have been divided into two categories: one is due to the
inclusion complex thanks to hydrophobic bounding between flavour compound and starch amylase
helix and due to polar interactions between starch hydroxyl groups and aroma compounds [54].
Therefore, it can be assessed that RMD could help better retain the aroma compounds, even if it
decreases orange juice content in the final product. In this study, adding RMD improved total
terpenes and terpenoid retention in pulp-free samples, compared to the control sample.

In line with this, Garmarini et al. [55] showed that the carbohydrate type used as a drying aid
can modify the volatile aroma compounds of strawberry puree. Siccama et al. [56] also highlighted
that maltodextrin increased concentration is a critical factor in retention of alcohols, aldehydes, and
1-octen-3-ol aroma compounds during asparagus spray drying process. Different biopolymers, such
as maltodextrin, could successfully be used to encapsulate aromas and flavors, leading to the
development of insoluble complexes. Moreover, flavour retention could be positively influenced
through the molecular association of biopolymers and hydrogen bonding [40]. In line with this,
Corkovi¢ et al. [57] assessed that maltodextrins contains maltose, D-glucose, polysaccharides and
oligosaccharides and it is a starch product partially hydrolyzed which can improve sensorial
characteristics of food such as aroma, color and taste.

Packaging technologies and materials also have a role in the flavour absorption of orange juice,
reducing the intensity of aroma compounds [54]. For instance, van Willige et al. [58] highlighted that
limonene, myrcene, and decanal amounts could be reduced during orange juice storage through
absorption of the PET packaging. Therefore, several factors could lead to a better retention of aroma
products during orange pasteurization process such as manufacturing, orange maturity stage, the
presence of orange pulp, polymers addition and packaging material.

3.3. Instrumental and sensorial correlations

MFA was used to relate results from instrumental and sensorial determinations for the evaluated
juices. Factors 1 (F1) and 2 (F2) explained 75.55% of the data variability (Figure 4). The sensory acidity
corresponds to the instrumentally measurable acidity due to its proximity in the plane. In turn, the
sweetness the panellists detect is also close to the measured °Brix. The relationship between the
parameter D[4,3] of the particle size determination and the texture of the juices in the mouth are
related in F2 but in the opposite way. The sensory evaluated off-flavours are close to the
instrumentally quantified terpenes and terpenoids, and the flavour intensity is related to the acids of
the determined aroma compounds.

Figure 5 shows the superimposed MFA representation of the juices. Each sample is represented
by 8 points grouping sensory and instrumental variables studied in the samples. The consensus
representation that considers the 8 variables simultaneously is also represented for each juice. From
the sensory analysis, sweetness, acidity, and bitterness have been grouped into sensory taste
variables. On the other hand, off-flavours and flavour intensity have been grouped into a variable
named sensory flavour. Colour and texture in the sensory test have been kept individually as sensory
colour and sensory texture, respectively. The variables obtained from the instrumental measurements
have been grouped as follows: L*, a*
instrumental flavour; density and particle size parameter D [4,3] as instrumental texture and the
different groups of analytically determined aromatic compounds as instrumental aroma.

, and b* as instrumental colour; °Brix, titratable acidity as

As shown in Figures 4 and 5, there was a significant difference between juices with and without
pulp according to F2 factor. The juices with pulp are closer to larger particle sizes and aromatic
compounds determined in the study. On the other hand, juices without pulp are closer to the sensory
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attribute of texture in the mouth and to off flavours. Besides, samples with the highest RMD
concentrations were close to the sensory sweetness and brix degrees determined, as well as to the
density. However, standard samples without RMD addition are close to the sensory intensity of
flavour, acidity, and bitterness and to instrumentally determined L*, a*, titratable acidity, and acid

aroma compounds.
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Figure 4. Correlation circle of the response variables.
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i
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Figure 5. Superimposed MFA representation of the juices. Each sample is represented by eight points
grouping sensory and instrumental variables studied in the samples. Each juice representation

considers the eight variables simultaneously.

The superimposed representation of the samples in the MFA made it possible to evaluate the
proximity between the studied variables for all samples. Observing the underlying structure of the
instrumentals and sensory variables and their proximities, it can be inferred that variables such as
sensory colour and flavour or instrumental aroma influence the position of the samples in the plane.
The most significant differences in the samples are generally produced by the variables mentioned
above and the rest of the variables studied in the MFA present different distances for each sample.
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Therefore, these differences affect each sample differently. This trend is also observed in the RV
coefficients obtained from the MFA. RV coefficients range from 0.6 to 0.9. Sensory color, flavour, and
instrumental aroma showed the lowest RV values against the other variables, while the rest of studied
variables showed higher RV coefficients, above all instrumental colour. This indicates that sensory
colour and flavour or instrumental aroma are important variables to evaluate studied juices.

4. Conclusions

Despite the growing background on the beneficial effects of prebiotics on health, its
incorporation to day-to-day foods remains unfamiliar to consumers. This work provides evidence
that the addition of RMD to pasteurized orange juice is technologically feasible while also achieving
a good respose at the sensory level even at high RMD concentrations. RMD improved almost all
sensory attributes leading to higher acceptability scores than RMD-free control samples. Also, RMD
addition to orange juice displayed a very similar impact on the physico-chemical properties of orange
juice as it was previously found. Moreover, several factors including manufacturing process, fruit
maturity stage or packaging technology and materials, could lead to a better retention of aroma
products during juice pasteurization process. In this work, RMD addition had a moderate effect on
volatile compounds quantification whereas the presence of orange pulp played a much more decisive
role by increasing 1-terpinen-4-ol, octanal, nonanal, decanal and a-pinene, and decreasing limonene
and -myrcene.

Therefore, adding RMD may be of interest not only to upgrade the nutritional quality but also
the organoleptic acceptability of conventional fruit juices, such as orange juice. This can favour the
consolidation of prebiotics addition to day-to-day foods in consumers” diet.
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