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A B S T R A C T   

High pressure processing (HPP) is an alternative to thermal pasteurization (TP) of beverages that can impart an 
extended shelf-life while delivering products with “fresh-like” sensory properties. However, studies documenting 
the sensory changes associated with HPP of fruit juices and their relation to consumer preferences are limited. In 
this paper, the effect of HPP on sensory quality and consumer perception of orange- and apple juice was 
investigated using a full experimental design with samples varying in treatment (HPP, TP), storage time (0, 3, 11 
weeks for orange juice and 0, 4, 12 weeks for apple juice) and storage temperature (4 ◦C, 25 ◦C). Samples were 
first analyzed by descriptive analysis with a trained panel and subsequently submitted to a consumer liking test 
(N = 75). Treatment and storage conditions had a significant impact on sensory quality and on consumer 
perception. HPP could better maintain the sensory quality of both juices. Cold storage was effective in main-
taining the product quality over the entire storage period. The main drivers of consumer liking were attributes 
associated with shorter storage times and/or cold storage (e.g., intensity of orange aroma and flavor in orange 
juice, apple flavor and aftertaste in apple juice), and to a lesser extent to treatment.   

1. Introduction 

Fruit juices are important elements of a healthy diet supplying 
essential nutrients (Caswell, 2009). The increase in consumers’ attention 
to the “healthy” quality (e.g., “fresh-like”) and long shelf life has 
contributed to a growing demand for non-thermally processed juices 
(Jadhav et al., 2021). Currently, a wide variety of non-thermal pro-
cessing technologies are under development (McCluskey et al., 2016), 
and among these high pressure processing (HPP) has been successfully 
applied (Huang et al., 2017). HPP is a promising alternative to thermal 
pasteurization (TP), as it can achieve pasteurization without heating 
(usually room temperature) (Rastogi et al., 2007) and, accordingly, is 
known to affect the structure of macromolecules and flavor compounds 
to a lesser degree than TP (Barba et al., 2017). Therefore, HPP can 
address some of the disadvantages related to TP, such as loss of sensory 
characteristics, nutritional quality and functional value (Inada et al., 
2018), although it is less effective in some aspects (e.g., enzyme inac-
tivation) compared to TP. Especially the first point makes this 

technology very promising as sensory quality plays an important role in 
driving consumers liking of juice (Kim, Lee, Kwak, & Kang, 2013). 

The advantages of HPP to preserve aroma of fresh juices have been 
reported in many studies (Aaby et al., 2018; Ma et al., 2010; Zhang et al., 
2019); accordingly, HPP-juices had higher acceptance than TP-juices 
(Bansal et al., 2019; Chang et al., 2017; Hu et al., 2020). However, the 
effect of treatment on sensory quality and consumer perception of juices 
is complex. On one hand, the effect of HPP on sensory quality depends 
on the different HPP parameters employed. Reviewing existed literature, 
it is found that most studies investigated the change of intensity of 
sensory attributes (Aaby et al., 2018; Fernández García et al., 2001; 
Zhang et al., 2019) and of consumer acceptance (Chang et al., 2017; 
Huang et al., 2015) when conducting HPP at different pressure range 
(400–600 MPa). On the other hand, sensory changes of HPP-juices 
during storage also occur, due to coexisting chemical (e.g., oxidation) 
and biochemical reactions if endogenous enzymes or microorganisms 
are not fully inactivated (Salomão, 2018). In the literature, storage time 
for HPP juices usually ranged around three months with a general trend 
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that as storage time increases, a decrease in the intensity and accept-
ability for most sensory attributes is reported (Bansal et al., 2019; Baxter 
et al., 2005; Daoudi et al., 2002; Hurtado et al., 2017; Keenan et al., 
2012; Picouet et al., 2016; Swami Hulle & Srinivasa Rao, 2016). Storage 
temperature in these studies was usually set around 4 ◦C as it could 
preserve the sensory quality of juices (Laaksonen et al., 2020; Mäkilä 
et al., 2017; Marsol-Vall et al., 2019). To this point, in a recent literature 
review about the effect of HPP on sensory quality and consumer 
acceptability of fruit juices and smoothies (Song et al., 2022), a clear 
knowledge gap was uncovered where only two (out of 31 studies) 
investigated HPP-juices stored at room temperature, whereas all other 
studies employed cold storage and/or the sensory evaluation was per-
formed immediately after processing rendering. Moreover, the two 
available studies that did consider room temperature storage (Juar-
ez-Enriquez et al., 2015; Polydera et al., 2005) only focused on changes 
in overall acceptability of the fruit juices without providing a detailed 
description of their sensory changes. Both studies, however, interest-
ingly concluded that while better retention of taste, flavor and aroma 
was achieved during cold storage (as one would expect), both cold and 
room storage were generally effective at preserving the main sensory 
attributes of the products during the shelf-life period considered. 

Another important limitation of the existing literature is that, save 
for very rare exceptions, nearly all studies on HPP products conducted 
either analytic or hedonic tests in isolation, without examining the 
specific relations between sensory quality and consumer perception 
(Song et al., 2022). Among the few exceptions are the study by Baxter 
et al. (2005) where sensory characteristics of HPP orange juice were 
used to predict variation in consumer preferences for the same samples. 
The study identified which flavor attributes (e.g., sweetness, orange 
flavor) correlated with overall liking, and which were negatively 
correlated with it (e.g, fermented and artificial odor), highlighting the 
importance of looking at the intrinsic relations between sensory char-
acteristics and consumer perception of HPP fruit products. 

A final limitation of the available literature is that most published 
studies employed very small panel sizes and often showed a mismatch 
between test type and assessors employed (Lawless & Heymann, 2010). 
This issue was particularly evident in consumer acceptance studies, 
which often used small panels of experts or trained assessors to evaluate 
the products’ acceptability rather than actual consumers, which sug-
gests that previous findings regarding consumer acceptability of 
HP-treated products should be treated with caution (Song et al., 2022). 
Situated within context, and following directly from our recent litera-
ture review on the topic, this paper seeks to address the identified gaps 
in the HPP sensory literature pertaining to the interactions between 
storage time and temperature and the relationship between sensory 
changes and consumer acceptance. 

The present study used apple juice and orange juice as target prod-
ucts since these two juices are popular and regularly drunk by all age 
groups throughout the world and are an easy and convenient way to 
ingest health-promoting compounds from fruits Caswell (2009). The 
objective of this study was to 1) evaluate the sensory quality of TP- and 
HPP-orange juice and apple juice stored at different time points and 
temperature, 2) to investigate consumer liking and perception of these 
juice products, and 3) to identify how and which sensory attributes of 
the juices drive consumer liking. 

2. Materials and methods 

2.1. Material and processing 

Fresh orange juice (OJ) and apple juice (AJ), without filter and extra 
water/solution, were provided by a local company (Rynkeby A/S, Ringe, 
Denmark). Half of the obtained juices were processed by HPP, and half 
by TP. HPP was carried out using QUINTUS Food Processing Cold 
Isostatic Press QFP-6 (Avure Technologies AB, Västerås, Sweden) at 
University of Copenhagen. Juices were filled into 500 mL PET 

(polyethylene terephthalate, EMBACO, Copenhagen, Denmark) bottles 
with screw lids. Fresh juice samples used for descriptive analysis were 
stored at 4 ◦C and processed the next day; those for consumer test were 
stored in a freezer (− 20 ◦C) for one week, and then thawed at 4 ◦C prior 
before processing. All OJ samples were pressurized at 500 MPa, 10 ◦C for 
10 min, and all AJ samples were pressurized at 400 MPa, 10 ◦C for 5 min. 
The duration of treatment did not include loading time (1 min) and 
pressure increase time (2 min). The pressure release was immediate 
(approximate 1 min). TP was conducted using a commercial equipment 
(Therm Aseptic Drink tube pasteurizer, Tetra Pak) in Rynkeby, and fresh 
juices were treated immediately by TP without storage. Both juices were 
pasteurized at 76 ◦C for 30 s. After TP processing, juices were packaged 
in buckets and cooled in the system to 6 ◦C. All processed (HPP and TP) 
juice samples were transported within 2 h and stored at different con-
ditions for further sensory evaluation. 

The experimental design with respect to storage condition was based 
on results from a preliminary study where chemical and microbiological 
safety was determined to be 11 weeks and 12 weeks for OJ and AJ, 
respectively. The processed juice samples were stored in two controlled- 
temperature rooms at 4 ± 1 and 25 ± 1 ◦C up to 11 weeks for OJ and 12 
weeks for AJ (Table 1). At sampling time (0, 3, 11 weeks for OJ and 0, 4, 
12 weeks for AJ) juice samples were transferred to a freezer (− 20 ◦C) 
until the sensory evaluation. The experimental design and the sample 
codes used in the paper are given in Table 1. 

2.2. Sensory evaluation 

2.2.1. Juice samples 
All samples (12 OJ and 9 AJ) were to be assessed by descriptive 

analysis (DA). Note that the two pairs, HPP_4_0w + HPP_25_0w and 
TP_4_0w + TP_25_0w were identical samples (no storage time). They 
were, however, treated as separate samples as “blind duplicates” (Liu 
et al., 2016) as an additional way to assess the reliability of result of 
descriptive analysis. Also note that the AJ study had however a reduced 
experimental design as three AJ samples were discarded (HPP_25_4w, 
HPP_25_12w, and TP_25_12w) due to developing a very dark color 
and/or a strong fermented odor (Fig. A in supplementary materials), 
indicating enzymatic and/or microbial spoilage. Based on the analysis 
result of DA, a subset of eight samples of each juice was selected for the 
consumer tests. 

Samples were thawed at 4 ◦C one day prior to evaluations. On the 
evaluation day, the total volume of each sample was decanted into 50 
mL lidded plastic cups blind labeled with 3-digit random codes and 
served at room temperature. Sensory evaluation took place in individual 
booths under white lighting. Sample presentation order followed a 
complete randomized block design (Lawless & Heymann, 2010) 
balanced for carry-over and position effects. 

2.2.2. Descriptive analysis 
Ten assessors (six males, four females, mean age = 35-year-old), 

screened (ISO 3972: 1991) and trained (ISO 4212:2003) according to 
the good sensory practices, took part in the DA of the juices. Separate 
sensory panels were trained for evaluation the OJ and AJ though with a 
substantial degree of overlap (seven out of ten assessors) between both 
panels. For each product, the DA included approximately 10 h of sensory 
panel work focusing on developing a vocabulary (one session), training 
the panel and assessing their reliability (three sessions), and finally 
conducting sensory evaluation of all samples. The final sensory evalu-
ation was done in two replicates as suggested by (Peltier et al., 2018). 
The DA followed the exact same procedure for both OJ and AJ samples. 

During the final evaluation sessions, trained assessors scored the 
intensity of attributes covering appearance (Ap), aroma (A), Flavor (F), 
basic taste (BT), mouthfeel (MF) and aftertaste (AT) of the samples, 
using 15 cm unstructured line scales anchored with “a little” to “a lot” 
(Table 2). Palate cleansing breaks between every sample (using plain 
white bread, hot and cold water) were enforced. Additionally, assessors 
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were given a 10-min break twice during the evaluation sessions to 
minimize sensory fatigue. 

2.2.3. Consumer test 
Consumer tests of OJ (N = 75, mean age = 25.0, 39% female) and AJ 

(N = 75, mean age = 25.2, 29% female) were conducted subsequent 
with a subset of eight samples per study. The eight samples for each juice 
were selected to maximize sensory difference between the samples 
based on the DA results. Again, the same identical procedure was fol-
lowed for the consumer tests of both OJ and AJ samples. 

Upon receiving instructions, both written and oral, consumers were 
asked to evaluate each sample one by one. Samples were again blind- 
labeled and served following a complete randomized block design pro-
cedure like in the DA. For each sample, consumers were firstly asked to 
score the overall liking/familiarity using a 9-point scale (liking scale: 1 
= dislike extremely, 5 = neither like/nor dislike, 9 = like extremely; 
familiarity scale: 1 = extremely unfamiliar, 5 = neither familiar/nor 
unfamiliar, 9 = extremely familiar) (Stone et al., 2020). Then, con-
sumers evaluated the sensory properties of the samples using the check 
all that apply (CATA) method (Adams et al., 2007), where they were 
asked to check all the terms that they considered appropriate to describe 
each juice. The list of sensory terms (N = 12) for the CATA task was 
based on the DA results, and the order of appearance of attributes in the 
list was randomized between and within participants to prevent posi-
tional biases as recommended by (Jaeger et al., 2013). Consumers’ re-
sponses to the CATA questions were rendered as binary data (“1” if a 
term was checked and “0” if it was not). After consumers were done with 
the evaluation of the eight samples, they completed a short question-
naire with background information (age, gender, and frequency of 
consumption for OJ or AJ). 

2.2.4. Ethics approval 
Prior approval was obtained from the Research Ethics Committee of 

the University of Southern Denmark (case no. 21/8759). Written 
informed consent was obtained from each subject prior to their partic-
ipation in the study. The DA assessors were compensated for their time, 
whereas participants in the consumer test did so on a voluntary basis. 

2.3. Data analysis 

A mix of univariate and multivariate analyses was applied to the 
data. All analyses were carried out in the statistical environment R 
(version 4.0.5). The level of statistical significance was set at p < .05. 

2.3.1. Descriptive analysis 
Two-way Analysis and Three-way of Variance (ANOVA) were 

applied to uncover main and interaction effects of processing, storage 
time and storage temperature on each sensory attribute. When signifi-
cant effects were found, Tukey HSD test was used to identify signifi-
cantly different means (p < .05). Principal Component Analysis (PCA) 
was performed in order to visualize differences between samples and the 
underlying sensory differences. Only attributes which significantly 
discriminated between samples (based on the results of ANOVA) were 
used in PCA. Data for PCA was centered and scaled to unit variance 

before the analysis. 

2.3.2. Consumer test 
Pearson correlation test was used to evaluate the association be-

tween liking scores and familiarity scores. The same ANOVA model used 
for the DA data was used to identify differences in mean hedonic scores 
liking scores from the consumer tests, followed by Tukey HSD test and 
LSD test to identify significantly different means (p < .05). Additionally, 
the relationship between the sensory descriptive profile of e ach juice 
and consumer hedonic scores were explored by external preference 
mapping (Dooley et al., 2010) using Partial Least Squares Regression 
(PLSr). In this analysis, the predictor matrix contained averaged in-
tensity scores of all attributes for which significant differences between 
the samples (according to ANOVA) where observed, whereas the 
response matrix contained individual overall liking scores from each 
consumer for each sample. Data generated from the CATA method was 
analyzed by penalty analysis to uncover the positive and negative 
samples and attributes towards consumer liking (Meyners et al., 2013). 
Mean liking scores and frequency of mention of each attribute checked 
and unchecked were counted, and the significant difference between the 
mean liking scores and between frequency were analyzed by Turkey 
HSD test and Fisher’s Exact Test, respectively. 

3. Results 

3.1. Descriptive analysis 

3.1.1. Orange juice 
The ANOVA results (Table 3) showed a significant main effect of all 

three factors (treatment, storage temperature and time) on most sensory 
attributes of OJ. Treatment mainly impacted appearance, flavor, 
mouthfeel and aftertaste, whilst storage conditions influenced appear-
ance, aroma and flavor. Compared to TP, HPP caused significantly 
higher intensity scores for visible pulp, pulp particle size (both appearance 
and mouthfeel) and viscous appearance (Table 3). The intensity of orange 
flavor, orange aftertaste and overall intensity were also higher in HPP- than 
TP-samples. Storage time caused a decrease in some attributes, such as 
yellow color, visible pulp, clear, orange aroma, flavor and aftertaste, and an 
increase in others, such as brown color, viscous appearance and mouthfeel, 
carrot juice aroma and flavor (Table 3). Cold storage was more effective 
than room temperature storage in maintaining the sensory properties. 
Yellow color, orange aroma and flavor were higher, yet, brown color, carrot 
juice aroma and flavor, mango flavor and brown sugar flavor was lower in 
samples stored at cold temperature than room temperature. Besides, 
several significant 2-ways interactions were also found (Table A in 
supplementary materials). The interaction between treatment and 
storage conditions primarily impacted appearance, whereas storage 
time-temperature interaction mainly affected appearance and aroma. 
The interaction between temperature and storage showed significant 
impact on key sensory changes associated with storage (e.g., increase in 
brown color and decrease of orange flavor) that samples stored at 4 ◦C 
were rated similarly to those samples stored with no storage time 
(Table A in supplementary materials). 

Twenty out of 26 attributes for which significant differences between 

Table 1 
Experimental design including treatment, storage temperature and times of orange juice samples (OJ) and apple juice samples (AJ). Acronyms were used to denote 
samples in the remainder of the paper. Code: HPP: high pressure processing, TP: thermal processing; 4 = storage at 4 ◦C, 25 = storage at 25 ◦C; w = storage time in 
weeks. Note that three AJ samples were missing as they were excluded due to spoilage.  

T (◦C) Storage time T (◦C) Storage time 

Week 0 Week 3 Week 11 Week 0 Week 4 Week 12 

OJ 4 HPP_4_0w HPP_4_3w HPP_4_11w AJ 4 HPP_4_0w HPP_4_4w HPP_4_12w 
TP_4_0w TP_4_3w TP_4_11w TP_4_0w TP_4_4w TP_4_12w 

25 HPP_25_0w HPP_25_3w HPP_25_11w 25 HPP_25_0w – – 
TP_25_0w TP_25_3w TP_25_11w TP_25_0w TP_25_4w –  
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Table 2 
Sensory attributes developed by the assessors to describe the sensory profile of orange juice (OJ) and apple juice (AJ), with definition and reference material.  

OJ 

Attribute Definition Reference 

Appearance (Ap) 
Yellow Degree of yellow by visual evaluation Munsell book of color, 7.5Y 9/2 (a little) to 7.5Y 9/12 (a lot) 
Orange Degree of orange by visual evaluation Munsell book of color, 7.5 YR 7/2 (a little) to 7.5 YR 7/12 (a lot) 
Brown Degree of brown by visual evaluation Munsell book of color, N 7/0 (a little) to 10 YR 7/10 (a lot) 
Visible pulp Presence of visible pulp The sample with the most and the least pulp 
Pulp particle size Size of pulp particle The sample with the most and the least pulp 
Clear Degree of cloudiness by visual evaluation Visual inspection, panel agreement 
Homogeneous Uniform composition Visual inspection, panel agreement 
Viscosity Visible thickness Spring water and organic cream from brand “Øgo”  

Aroma (A) 
Overall intensity General aroma intensity Panel agreement 
Fresh orange Smell of fresh orange Fresh organic orange fruit 
Carrot juice Carrot juice Carrot juice from a commercial brand “Urtekram”  

Flavor (F) 
Orange Fresh orange Fresh organic orange fruit 
Artificial Orange aroma Orange brazil aroma (Reima AirConcept Gmbh, Meerane, Germany) 
Mango Mango juice Mango juice from a commercial brand “Maaza” 
Carrot juice Carrot juice Carrot juice from a commercial brand “Urtekram” 
Brown sugar Cane sugar Cane sugar from a commercial brand “Dansukker”  

Basic taste (BT) 
Sour The intensity of sour D3a (0.38 g/L of citric acid) 
Sweet The intensity of sweet D1a(12.00 g/L of sucrose) 
Bitter The intensity D3a (0.17 g/L of caffeine)  

Mouthfeel (MF) 
Pulp particle size The size of pulp particle The sample with the most and the least pulp 
Viscosity Flow between tongue and palate at a steady, controlled state Spring water and organic cream from brand “Øgo” 
Homogeneity Uniform composition Panel agreement  

Aftertaste (AT) 
Overall intensity General aftertaste intensity Panel agreement 
Orange Aftertaste of fresh orange Fresh organic orange fruit 
Sour Aftertaste of sour D3a (0.38 g/L of citric acid) 
Sweet Aftertaste of sweet D1a(12.00 g/L of sucrose)  

AJ 

Attribute Definition Reference 

Appearance (Ap) 
Transparency Less cloudy Opacity and clear water 
Homogeneous Uniform composition Visual inspection, panel agreement 
Viscosity Visible thickness Spring water and organic cream from brand “Øgo” 
Yellow Degree of yellow by visual evaluation Munsell book of color, 7.5Y 9/2 (a little) to 7.5Y 9/12 (a lot) 
Brown Degree of brown by visual evaluation Munsell book of color, N 7/0 (a little) to 10 YR 7/10 (a lot)  

Aroma (A) 
Apple Smell of apple Apple sauce from commercial brand “Salling” 
Kiwi Smells like fresh and grass Fresh/unripe kiwi fruit from Chile 
Vanilla Smell of vanilla Vanilla paste with brand “Tørsleffs” dissolved in water 
Raspberry Smell of raspberry Fresh raspberry 
Goldenberry Smell of goldenberry Fresh goldenberry, cut in halves  

Flavor (F) 
Apple Applesauce Applesauce from commercial brand “Salling” 
Raspberry Fresh raspberry Fresh raspberry 
Overall intensity The general intensity Panel agreement  

Basic taste (BT) 
Sour Taste of sour D2a (0.48 g/L of citric acid) 
Sweet Teste of sweet D3a (4.32 g/L of sucrose) 

(continued on next page) 
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samples were found (Table B in supplementary materials) were retained 
for PCA analysis. A three principal components (PCs) solution was found 
to be optimal accounting for 84.4% of the data variance, showing a clear 
structure in the data. The effect of the experimental design was quite 
well represented in the PCA as PC1, PC2 (Fig. 1) and PC3 (Fig. B in 
supplementary materials) largely represent differences in storage time, 
treatment and storage temperature, respectively. HPP-samples stored at 
4 ◦C were located relatively closer to each other than that at 25 ◦C, and 
this was the same case for TP-samples, indicating cold storage temper-
ature could reduce sensory changes in both in HPP- and TP-juices. PC1 

separated samples stored for 3 and 11 weeks from samples without 
storage time. Attributes mango flavor, brown color and carrot juice aroma 
were positively correlated with PC1, and were associated with samples 
stored at 25 ◦C for longer times. By contrast, yellow color, orange flavor 
and aroma were negatively correlated with PC1 and associated to sam-
ples with no or short storage time. PC2 mainly discriminated HPP- 
samples from TP-samples. Attributes positively correlated to PC2 and 
associated with HPP samples were pulp particle size (both appearance 
and mouthfeel); by contrast, most aroma and flavor attributes contrib-
uted less to PC2. PC3 (Fig. B in supplementary materials) separated 

Table 2 (continued ) 

AJ 

Attribute Definition Reference  

Mouthfeel (MF) 
Viscosity Flow between tongue and palate at a steady, controlled state Spring water and organic cream from brand “Øgo” 
Astringent Sense of contraction of tongue 4 g black tea brewed by 390 mL water at 100 ◦C for 15 min 
Coating A coating in the mouth Coating from organic cream from brand “Øgo”  

Aftertaste (AT) 
Overall intensity The general intensity Panel agreement 
Apple Taste of apple Applesauce from commercial brand “Salling” 

Taste of elderflower 
Taste of sweet 
Taste of sour 

Elderflower Taste of elderflower Commercial elderflower juice with brand “Anglamark” 
Sweet Taste of sweet D3a (4.32 g/L of sucrose) 

et 
Taste of sour 

Sour Taste of sour D2a (0.48 g/L of citric acid)  

a Codes used in (ISO 3972, 2011). 

Table 3 
Mean values (15 cm line scale) of each attribute of orange juice at different experimental design - treatment and storage conditions, averaged over products, assessor 
and replicates, as well as significance levels (p values from ANOVA) associated to main effects of the design. Different superscript letters between experimental design 
denote significant differences according to Tukey’s HSD test. T = treatment, ◦C = temperature, W = weeks. ns = not significant.  

OJ T p value ◦C P value W p value 

HPP TP 4 25 0 3 11 

Appearance 
Yellow 7.3 7.5 ns 9.0a 5.9b <.001 9.8a 7.2b 5.2c <.001 
Orange 7.8 7.6 ns 7.4 8.1 ns 7.0 7.9 8.2 ns 
Brown 4.7 5.0 ns 3.0b 6.7a <.001 2.4c 4.6b 7.5a <.001 
Visible pulp 8.3a 6.4b <.001 7.2 7.5 ns 8.4a 8.8a 4.8b <.001 
Pulp particle size 7.5a 3.3b <.001 6.1a 4.7b <.001 5.5 5.6 5.1 ns 
Clear 5.6b 6.7a <.01 6.1 6.2 ns 8.2a 7.0b 3.3c <.001 
Homogeneous 7.1 7.3 ns 7.3 7.1 ns 5.5b 6.1b 10.0a <.001 
Viscosity 7.2a 6.3b <.05 6.7 6.8 ns 5.1b 5.5b 9.7a <.001 
Aroma 
Overall intensity 8.1 7.7 ns 7.8 8.0 ns 8.4 7.3 7.9 ns 
Fresh orange 7.8 7.1 ns 8.5a 6.4b <.001 9.0a 7.6b 5.8c <.001 
Carrot juice 2.8 2.2 ns 1.3b 3.8a <.001 1.2c 2.6b 3.8a <.001 
Flavor 
Orange 9.5a 7.4b <.001 9.5a 7.3b <.001 9.4a 8.6a 7.2b <.001 
Artificial 5.2b 7.1a <.001 6.0 6.4 ns 5.6 6.1 6.9 ns 
Mango 3.5b 4.8a <.05 3.5b 4.7a <.05 3.0c 4.3bc 5.0ab <.01 
Carrot juice 2.8 3.4 ns 1.9b 4.3a <.001 1.7b 3.2a 4.4a <.001 
Brown sugar 3.9 3.9 ns 3.2b 4.7a <.01 2.7b 4.3a 4.9a <.001 
Basic taste 
Sour 6.5 7.0 ns 6.8 6.8 ns 6.7 7.1 6.5 ns 
Sweet 8.6 8.3 ns 8.5 8.4 ns 8.7 8.5 8.2 ns 
Bitter 5.0 5.3 ns 4.8 5.5 ns 5.0 4.9 5.6 ns 
Mouthfeel & aftertaste 
Pulp particle size 8.1a 4.4b <.001 6.5 6.0 ns 5.8 6.1 6.9 ns 
Viscosity 6.2 6.2 ns 6.2 6.2 ns 5.2b 5.7b 7.7a <.001 
Homogeneity 4.9b 7.3a <.001 6.1 6.1 ns 6.0 5.9 6.4 ns 
Overall intensity 9.1a 7.6b <.01 8.5 8.2 ns 7.9 8.5 8.6 ns 
Orange 8.5a 6.8b <.001 8.8a 6.5b <.001 8.3a 8.1a 6.5b <.01 
Sour 6.8 6.6 ns 6.8 6.6 ns 6.6 6.7 6.7 ns 
Sweet 6.2 6.2 ns 6.0 6.4 ns 6.3 6.4 6.0 ns  
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samples stored at room temperature from those at cold temperature, and 
again appearance attributes (visible pulp, clear, homogeneous and viscos-
ity) were mostly contributing to PC3. 

3.1.2. Apple juice 
Table 4 shows the effect of three factors (treatment, storage tem-

perature and time) on the sensory attributes of the AJ. Treatment mainly 
impacted appearance and aroma, whilst storage conditions mainly 
influenced appearance (recall that the samples stored for the longest at 
25 ◦C were removed due to their extremely dark color). Compared to TP, 
HPP significantly enhanced the intensity of transparent appearance, 

viscous appearance, yellow color (Table 4). HPP samples were also 
higher, on average, in brown color than TP (Fig. A in supplementary 
materials). The same finding applied to samples stored at 25 ◦C which 
were browner than those stored at 4 ◦C. Mean score of kiwi aroma was 
higher in HPP- than TP-samples, whilst the intensity of apple aroma and 
vanilla aroma were higher in TP-samples than in HPP-samples. Cold 
storage resulted in higher intensity of appearance attributes (homoge-
neity and viscosity) than room temperature (Table 4). Besides, as 
explained earlier, three AJ samples were discarded resulting in an 
incomplete design in this dataset. Accordingly, the 3-way interaction 
(treatment* temperature* time) could not be analyzed by ANOVA and in 

Fig. 1. PCA plots of orange juice DA data showing samples scores (a) and attribute correlation loadings (b) with the first two principal components. A high cos2 value 
indicates a good representation of the sample or attribute on the principal component. (For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 

Table 4 
Mean values (15 cm line scale) of each attribute of apple juice at different experimental design - treatment and storage conditions, averaged over products, assessor and 
replicates, as well as significance levels (p values from ANOVA) associated to main effects of the design. Different superscript letters between experimental design 
denote significant differences according to Tukey’s HDS test. T = treatment, ◦C = temperature, W = weeks. ns = not significant.  

AJ T p value ◦C p value W p value 

HPP TP 4 25 0 4 12 

Appearance 
Transparency 7.6a 6.4b <.01 6.4b 7.9a <.001 5.8b 9.5a 5.4b <.001 
Homogeneous 9.0 8.4 ns 9.1a 7.7b <.01 10.2b 4.3c 12.1a <.001 
Viscosity 6.4a 5.4b <.05 6.3a 5.0b <.05 6.9a 4.5b 5.8b <.001 
Yellow 9.6a 7.1b <.001 8.2 8.0 ns 9.2a 6.7b 8.5ab <.001 
Brown 5.3 5.5 ns 5.6 5.1 ns 6.4a 4.8b 4.4b <.001 
Aroma 
Apple 7.6b 9.1a <.01 8.4 8.7 ns 7.7b 9.3a 8.9a <.01 
Kiwi 8.0a 4.4b <.001 6.0 6.1 ns 7.0 4.8 5.8 ns 
Vanilla 2.2b 4.6a <.001 3.6 3.4 ns 2.9 4.1 4.0 ns 
Raspberry 4.1 3.5 ns 3.6 4.2 ns 3.8 4.1 3.3 ns 
Goldenberry 3.4 2.8 ns 3.1 3.1 ns 3.1 3.1 2.9 ns 
Flavor 
Apple 9.4 9.1 ns 9.5 8.7 ns 9.3 9.1 9.3 ns 
Raspberry 5.5 6.4 ns 5.6 6.7 ns 6.0 6.3 5.5 ns 
Overall intensity 9.6 8.7 ns 9.2 9.0 ns 9.2 9.2 9.0 ns 
Basic taste 
Sour 6.7 7.2 ns 6.9 7.3 ns 6.7 7.7 6.4 ns 
Sweet 8.1 7.9 ns 8.0 7.8 ns 8.4 7.5 7.8 ns 
Mouthfeel & aftertaste 
Viscosity 5.9 5.2 ns 5.8 5.1 ns 6.5a 3.9b 6.0a <.001 
Astringent 4.9 5.6 ns 5.0 5.9 ns 5.6 5.1 4.9 ns 
Coating 6.2 5.6 ns 6.0 5.5 ns 5.8 5.8 6.1 ns 
Overall intensity 7.8 6.9 ns 7.4 7.2 ns 7.6 6.9 7.4 ns 
Apple 8.7 7.9 ns 8.5 7.7 ns 8.6 8.1 7.8 ns 
Elderflower 4.2 3.6 ns 3.7 4.1 ns 3.9 3.7 4.1 ns 
Sweet 7.9 7.8 ns 7.9 7.7 ns 8.0 7.4 8.2 ns 
Sour 6.7 7.2 ns 6.9 7.3 ns 6.7 7.7 6.4 ns  
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general fewer significant effects were observed compared to the OJ 
dataset (Table C in supplementary materials). However, it still shows 
that the interaction between treatment and storage conditions primarily 
impacted appearance, whereas storage time-temperature interaction 
mainly affected appearance and flavor. Prolonged storage time was 
mostly relevant for samples stored at 25 ◦C for long time (12 w) to the 
point that these could not be evaluated in this study, as previously 
mentioned. 

There were 12 out of 33 attributes which were significantly different 
between samples (Table D in supplementary materials) and retained in 
the PCA analysis. A three components (PCs) solution of PCA (Fig. 2) was 
found to be optimal (88.7% of data variance explained). The effect of the 
experimental design was not represented in the PCA to the same degree 
as in the OJ dataset, which was to be expected due to the pre-removed 
AJ samples. However, it still shows storage temperature, treatment 
and storage time were associated to these components (Fig. 2). Storage 
temperature had the largest effect on sensory quality as PC1 separates 
TP_25_4w, the only sample stored at 25 ◦C from all other samples, due to 
its higher scores on transparent appearance and raspberry aroma, and 
lower scores in viscous appearance and mouthfeel. PC2 discriminated 
between HPP- and TP-samples. Aromas of vanilla and apple were posi-
tively correlated with PC2 and associated with TP samples, whereas kiwi 
aroma was associated with HPP samples. PC3 (Fig. C in supplementary 
materials) discriminated sampled stored at different time points: 
TP_4_4w with high intensity of apple aftertaste, and TP_4_12w with high 
intensity of homogeneous appearance were highly related to PC3; 
contrarily, viscous appearance, which was represented in the samples 
stored at 0 week, contributes less to PC3. 

3.2. Consumer test 

According to DA results, eight samples of OJ and AJ (Table E in 
supplementary materials) were selected for consumer test (Note, TP_0w 
is the mix of TP_4_0w and TP_25_0w, as they were identical). Based on 
the result of Pearson correlation test, liking scores and familiarity scores 
were positively correlated (r = 0.72, p < .001 for OJ and r = 0.62, p <
.001 for AJ), indicating consumer liking for the juices was linearly 
related to how familiar they tasted. The 2-way interaction of experi-
mental design and penalty/lift analysis on the liking and CATA data 
were also investigated (Table F and G in supplementary materials, 
respectively). 

3.2.1. Orange juice 
Significant differences in liking were found among OJ samples 

(Table E1 in supplementary materials), however, these only pertained to 
two samples – TP_25_11w and HPP_25_11w – which were significantly 
less liked than the rest. Treatment did not significantly affect liking 
(consumers liked HP and TP samples equally, on average) whereas 
consumers significantly preferred cold storage samples and short storage 
time (0 and 3w) (Table 5). This was consistent with the DA results 
indicating that storage conditions had a larger impact on sensory quality 
of the juices than treatment. The interaction effect of storage time and 
temperature (Table F1 in supplementary materials) mainly showed that 
longer storage (11w) at 25 ◦C caused the lowest liking score. In terms of 
the frequency of mention of each CATA attribute (Table 5), treatment 
had significant effect on several attributes: compared to TP-samples, 
HPP-samples had higher frequency for the attributes visible fruit pulp, 
fresh orange flavor and fruit pulp mouthfeel, whereas they were less often 
associated with artificial orange flavor and homogenous mouthfeel. 
Compared to room temperature, OJ samples stored at 4 ◦C were more 
frequently associated with orange color, flavor and aftertaste, and less 
frequently associated with brown color, caramel flavor, carrot juice flavor 
and thick mouthfeel. Prolonged storage time (11w) caused higher fre-
quency of mention in the attributes brown color, artificial orange flavor, 
caramel flavor, thick mouthfeel, and a lower frequency of mention for 
orange color, flavor and aftertaste. Overall, the CATA results clearly 
confirmed the trends identified from the DA data of OJ regarding the 
sensory changes associated with the three experimental design factors. 

Fig. 3 shows the external preference mapping model connecting the 
DA data and the consumer liking scores for OJ samples. In the first two 
PLSr components, 77.9% of the variation between the sensory attributes 
of OJ could explain 54.9% of the variation in consumer preference 
(Fig. 3). Samples HPP_4_0w, HPP_25_0w and TP_0w, together with 
HPP_4_3w and HPP_4_11w, were negatively correlated with the first 
PLSr component associated with higher storage temperature and longer 
storage time. The majority of consumers were negatively loaded on the 
first PLSr component associated with yellow color, clear appearance, or-
ange aroma and flavor, which was consistent with the ANOVA results 
that longer storage time and higher storage temperature caused a 
decrease in liking (Table 5). The second PLSr component – which 
separated two long storage samples (TP_4_11w and HPP_25_11w) – was 
positively correlated with homogeneity (both in appearance and 
mouthfeel) and orange color. Most consumers were positively loaded on 
this component. 

The results of penalty/lift analysis confirmed the indications of the 

Fig. 2. PCA plots of apple juice DA data showing samples scores (a) and attribute correlation loadings (b) with the first two principal components. A high cos2 value 
indicates a good representation of the sample or attribute on the principal component. 
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preference mapping. The presence (checked/unchecked) of all attributes 
but one (pulp mouthfeel) significantly affected liking scores (Fig. 4), and 
visible fruit pulp, homogeneous mouthfeel, orange color, flavor and aftertaste 
were positively related to consumers’ liking. Especially the attributes 
fresh orange flavor and orange aftertaste are associated with a high in-
crease of liking scores (more than 2 points on a 9-point hedonic scale, on 
average), whereas the presence of attributes brown color and caramel 
flavor caused the largest drop in mean liking (Table G.1 in supplemen-
tary materials). 

3.2.2. Apple juice 
There were few differences in liking between AJ samples (Table E2 in 

supplementary materials), except for sample TP_25_4w which had 
lowest mean liking score and was significantly less liked than all other 

samples. In Table 6, treatment had no significant effect on mean liking, 
and samples stored at 4 ◦C were again preferred over samples stored at 
25 ◦C. However, longer storage time (12w) caused higher liking scores, 
due to the fact that all samples stored for 12w were kept in cold storage. 
Accordingly, the interaction between storage temperature and time 
(Table F2 in supplementary materials) shows that samples stored at 25 
◦C for relatively long time (4w) had the lowest liking scores. In terms of 
the frequency of mention of each CATA attribute, treatment only had 
significant influence on consumers’ perception of appearance: compared 
to TP-samples, HPP-samples had higher frequency for brown color, but 
less related with yellow color, transparency, and homogeneity. Compared 
to room temperature, AJ samples stored at 4 ◦C were more frequently 
associated with homogeneity, apple flavor, sweet and apple aftertaste, by 
contrast, less frequently related to yellow color and acidic aftertaste (Note 

Table 5 
Mean liking (9-point hedonic scale) and frequency of mention (%) of each CATA attribute for each level of experimental design for OJ. Within each factor, means or 
percentages that do not share superscript letter are significantly different based on Tukey’s HSD (liking) or Fisher’s Exact Test (CATA). T = treatment, ◦C = tem-
perature, W = weeks. ns = no significant.  

OJ T ◦C W 

HPP TP 4 25 0w 3w 11w 

Mean liking 5.8 5.6 6.2a 5.0b 6.3a 6.3a 4.9b 

Attributes 
Frequency of mention (%) Appearance 

Brown 17.3 27.1 2.2b 78.0a 1.8ab 0.0b 40.7a 

Orange 68.5 64.9 82.7a 22.7b 81.3a 78.7a 53.7b 

Visible fruit pulp 82.1a 56.0b 71.6 68.7 75.6 78.7 68.3 
Thick/viscous 22.4 24.9 20.9 33.3 19.1 26.7 25.7 
Flavor 
Fresh orange 56.8a 38.7b 59.6a 18.0b 61.8a 73.3a 35.3b 

Artificial orange 33.1b 49.3a 36.4 50.7 34.2b 26.7b 46.0a 

Caramel 10.7 16.4 8.0b 35.3a 2.7b 2.7b 23.0a 

Carrot juice 14.7 15.6 10.7b 28.7a 10.2 10.7 19.7 
Mouthfeel & aftertaste 
Fruit pulp 63.5a 29.3b 49.3 53.3 50.2b 66.7a 47.0b 

Thick/viscous 18.4 18.7 13.8b 37.3a 10.7b 16.0ab 25.0a 

Orange aftertaste 60.3 52.0 68.4a 24.7b 67.6a 70.7a 46.0b 

Homogenous 21.9b 38.7a 30.7 20.0 31.1 24.0 27.0  

Fig. 3. PLSr scores and loadings plot for orange juice showing the position of the samples (a) and the correlation between sensory attributes and consumer liking (b) 
with the first two PLSr components. Vectors C1, …, C75 in the right denote individual consumers’ liking scores. (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of this article.) 
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that brown color was higher mentioned in samples stored at 4 ◦C than 25◦

C was due to the pre-moved samples). Prolonged storage time (12w) 
caused higher frequency of mention in brown color, and a lower fre-
quency of mention for yellow color, homogeneity, artificial apple flavor, 
sweet and apple aftertaste. Again, the CATA results clearly confirmed the 
trends identified from the DA data of AJ. 

Fig. 5 shows the PLSr model connecting results of DA and consumer 
liking for the AJ dataset. Two components explained 75.9% of the 
variation between the sensory attributes of AJ and 42.2% of the varia-
tion in consumer preference. Consumers liking scores were relatively 
more dispersed across samples than in the OJ dataset. However, the 
main trend was the same, as most consumers were again negatively 
loaded on the first PLSr component (few were positively loaded), asso-
ciated with disliking for one sample stored at 25 ◦C (TP_25_4). The first 
PLSr component, which explained storage temperature, was negatively 
associated with viscosity (both in appearance and mouthfeel), homoge-
nous appearance and apple aftertaste, etc. The second PLSr component 
described variation due to treatment and was related to aroma (vanilla 
and apple associated with TP samples and kiwi and raspberry, associated 
with HPP samples). Most consumers were positively loaded on PLSr 

component 2, but there was a sizeable minority that was negatively 
loaded implying a higher degree of segmentation in consumer prefer-
ences for AJ (Fig. 5) than OJ (Fig. 4). 

The results of penalty/lift analysis showed that there were significant 
differences for nine out of 12 attributes in liking scores, depending on 
whether the attribute was checked or unchecked (Fig. 6 and Table G.2 in 
supplementary materials). This indicated that all CATA attributes except 
for appearance (yellow, brown and transparent), were significantly asso-
ciated to changes in consumers liking. Only artificial apple flavor, thick/ 
viscous mouthfeel, and acidic aftertaste significantly negatively affected 
consumers liking, whereas all others were positively related to liking 
scores with especially fresh apple flavor and apple aftertaste showing the 
largest increases (Fig. 6). 

4. Discussion 

This study focused on the sensory quality of and consumer percep-
tion for orange juice and apple juice processed by either HPP or TP and 
stored at different conditions. Furthermore, this study investigated 
sensory drivers for consumers liking for these juices. 

Fig. 4. Penalty/lift analysis showing change in mean liking score when each attributed was checked and unchecked and associated significance (by ANOVA) for 
orange juice. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Table 6 
Mean liking (9-point hedonic scale) and frequency of mention (%) of each CATA attribute for each level of experimental design for AJ. Within each factor, means or 
percentages sharing superscript letter were significantly different based on Tukey’s HSD (liking) or Fisher’s Exact Test (CATA).  

AJ Attributes Treatment Temperature Time 

HPP TP 4 ◦C 25 ◦C 0w 4w 12w 

Mean liking 5.2 5.2 5.5a 4.7b 5.2b 5.0b 5.7a 

Frequency of mention (%) Appearance 
Brown 63.0a 2.7b 40.3a 1.3b 34.7ab 25.8b 42.7a 

Yellow 34.3b 63.3a 40.3b 70.7a 74.7a 52.4b 37.3c 

Transparent 28.3b 57.7a 47.0 60.0 45.3 51.1 47.3 
Homogenous 19.7b 33.7a 27.3a 10.7b 45.8a 24.9b 22.7b 

Flavor 
Fresh apple 39.7 38.3 43.7a 22.7b 49.8 38.7 40.7 
Artificial apple 36.3 40.3 35.3 42.7 56.4a 36.4b 37.3b 

Vanilla 14.0 13.0 14.7 9.3 17.3 12.0 16.0 
Green/Fresh 29.3 23.0 27.3 16.0 35.6 22.7 28.7 
Mouthfeel & aftertaste 
Thick/viscous 18.0 12.7 14.7 13.3 22.2 12.4 17.3 
Sweet 50.7 57.3 57.7a 42.7b 72.9a 54.2b 55.3b 

Apple 59.0 52.0 58.3a 34.7b 77.8a 48.9b 60.7b 

Acidic 34.3 38.7 34.7b 49.3a 45.8 41.8 31.3  
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The effect of treatment (HPP vs TP) on sensory quality was product- 
dependent, i.e., it affected OJ and AJ differently. In terms of appearance, 
HPP resulted in higher viscosity than TP in both juices, as well as lower 
intensity of clear in OJ but higher in transparency in AJ, which related to 
changes in juice cloudiness. In the literature, juice cloudiness is gener-
ally considered as an important quality aspect of juice, positively 
affecting turbidity, flavor, and color characteristics (Aggarwal et al., 
2020). In this study, the results collectively indicated that HPP (relative 
to TP) could largely enhance the cloud stability of OJ but possibly less so 
for AJ, which may be due to viscosity increasing with the presence of 
small particles (contributing to homogeneity) and the viscosity of 
cleared juices decreasing (Hernandez et al., 1995). This was consistent 

with prior studies regarding good cloud stability in HPP-orange juice 
(Goodner et al., 1999; Nienaber & Shellhammer, 2001; Sentandreu 
et al., 2020). Wibowo et al. (2019) found a significant decrease in cloud 
stability in HPP-apple juice (400 and 600 MPa for 3 min at room tem-
perature) due to some high residual pectin methylesterase activity after 
the treatment. Another appearance attribute – color-was also affected by 
HPP. As for color (yellow, orange and brown), HPP- and TP- samples were 
similar in OJ; however, HPP increased the yellow color and brown color 
than TP in AJ. Hence, HPP showed no indication of maintaining color of 
OJ, and even negatively influenced the color of AJ. This finding was 
consistent with other studies showing that the color of HPP-juices was 
similar to TP-juices (Aaby et al., 2018; Laboissière et al., 2007). In 

Fig. 5. PLSr scores and loadings plot for apple juice showing the position of the samples (a) and the correlation between sensory attributes and consumer liking (b) 
with the first two PLSr components. Vectors C1, …, C75 in the right denote individual consumers’ liking scores. 
***p value < .001, **p value < .01, *p value < .05, ns = no significant difference. 

Fig. 6. Penalty/lift analysis showing change in mean liking score when each attributed was checked and unchecked and associated significance (by ANOVA) for 
apple juice. 
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contrast, significant color change in orange juices pressurized at 600 
MPa (15 ◦C for 10 min) was observed (Hartyáni et al., 2011), indicating 
that color changes in HPP-samples depends on juice type and HPP pa-
rameters, as also emphasized in a recent review on the topic (Song et al., 
2022). Moreover, the effect of treatment on aroma and flavor in OJ and 
AJ also differed since only the flavor of OJ and aroma of AJ was affected. 
Nevertheless, an important finding was that sensory attributes which 
can be used to describe “fresh-like” qualities (Table 2), such as orange 
flavor for OJ and kiwi aroma for AJ, were higher in HPP- than 
TP-samples. This was consistent with several studies reporting that HPP 
could better maintain aroma and flavor of juices than TP (Chang et al., 
2017; Hurtado et al., 2015; Laboissière et al., 2007) for the reason that 
HPP has a limited effect on the covalent bonds of these 
low-molecular-weight compounds (Oey et al., 2008). Treatment also 
showed no significant effect on viscous mouthfeel of both juices, indi-
cating HPP had similar impact as TP in terms of this attribute. 

Contrary to earlier studies reporting that the acceptance of HPP-juice 
was higher than that of TP-juice (Chang et al., 2017; Huang et al., 2015; 
Xu et al., 2015), in this study treatment had no significant effect on 
consumers’ mean liking for both juices. This could likely be due to the 
fact that TP parameters in the present study (76 ◦C for 30 s) were rela-
tively gentle compared to typical TP reported in the literature 
(60–100 ◦C for several minutes) (Awuah et al., 2007). However, treat-
ment did affect the consumer perception of the samples as differences in 
frequency of mention of several CATA attributes were observed (Ta-
bles 5 and 6). This finding is in agreement with the conclusion of the 
apple juice study by Lee et al. (2017) that compared to HPP, TP 
decreased pleasant attributes (fresh and natural) and increased unde-
sirable attributes including cooked flavor and sour. 

Storage conditions affected the sensory quality of OJ and AJ to a 
higher degree than treatment. In particular, the interaction between 
longer storage time and storage at 25 ◦C caused the largest changes in 
both juices. Prolonged storage time at 25 ◦C caused brown color in both 
OJ and AJ. By contrast, cold storage had no or minor impact on the 
browning of both juices. This is in agreement with previous studies 
showing no significant color changes were observed between HPP- (600 
MPa for 60 s at room temperature) and TP- (85 ◦C for 25 s) orange juice 
within 12 weeks at 4 and 10 ◦C (Baxter et al., 2005) and between HPP- 
(400–500 MPa at 20 ◦C for 3 min) and TP- (85 ◦C for 2 min) strawberry 
juice over 35 days at 6 ◦C (Aaby et al., 2018). In this study (Tables 3 and 
4), cloud stability of OJ increased during storage and that of AJ 
decreased in 4 weeks but increased to the end of storage. Cold temper-
ature showed no significant impact on cloud stability of OJ but stabilized 
that of AJ. The different impact of storage conditions on cloud changes 
in OJ and AJ confirmed that cloud stability of juices was complex, and 
attributed to cross effect between enzymatic and non-enzymatic 
degradation mechanisms of pectin (Sila et al., 2009). As expected, 
storage time largely reduced “fresh-like” attributes (e.g., orange flavor 
for OJ, and kiwi aroma for AJ) and increased non-“fresh-like” attributes 
(e.g., mango flavor, carrot juice flavor for OJ and apple aroma for AJ) in 
both juices. 

Cold temperature of storage largely enhanced mean liking and fre-
quency of mention of several CATA attributes for both juices. Similarly, 
earlier studies reported the sensory quality of TP- and HPP-orange juice 
decreased faster as storage temperature increased (0–30 ◦C) (Polydera 
et al., 2005). Juarez-Enriquez et al. (2015) also reported HPP-apple 
juices stored at 4 ◦C were preferred over those stored at 20 ◦C for 34 
days due to better retention of taste, flavor and aroma. Another notable 
finding was as storage time increased, consumers’ likings for TP-samples 
decreased less than for HPP-samples in both OJ and AJ (Table F in 
supplementary materials), possibly indicating that consumers were 
more familiar with commercial juices with long shelf life. In line with 
this, after storing at 4 ◦C for 12 weeks, TP-orange juice received a higher 
rating of overall acceptability than HPP-juice (Baxter et al., 2005). 

Preference mapping showed a clear connection between sensory 
quality evaluated by DA and consumer liking. For OJ, samples with 

“fresh-like” (such as orange flavor) were more liked by consumers, and 
consumers’ liking was mostly about storage conditions, where most 
consumers like samples with short storage time and cold storage tem-
perature. This was largely the same in the AJ dataset although there was 
some additional segmentation around treatment variation, with a larger 
segment of consumers preferring the TP-samples (high in vanilla and 
apple aroma), and a smaller segment preferring HPP samples (high in 
kiwi and raspberry aroma). These findings were confirmed by the results 
of penalty analysis that consumers liking of OJ was largely positively 
related to fresh orange flavor (Fig. 4). This finding is consistent with the 
study of Kim, Lee, Kwak, and Kang (2013) where a high intensity of 
orange flavor was identified as a driver of liking. However, consumer 
preferences for AJ scattered in both fresh apple flavor and green/fresh 
flavor (Fig. 6), similarly to other studies indicating a nonhomogenous 
distribution of individual preferences in relation to apple juice attributes 
(e.g., Włodarska et al., 2016). The results of preference mapping also 
confirmed that multivariate models (PLSr in this paper) could accurately 
predict consumers liking for HPP- and TP-juices confirming the impor-
tance of looking at as well as to examine the contribution of each sensory 
attribute to consumer preferences (Song et al., 2022). 

5. Conclusions 

This study focused on the sensory quality of and consumer percep-
tion for orange juice and apple juice processed by either HPP or TP and 
stored at different conditions. Descriptive sensory analysis data showed 
that treatment and storage conditions both affect sensory quality of 
orange and apple juice. Generally, HPP exhibited a better retention of 
sensory quality of both juices compared to TP. Cold storage could better 
maintain “fresh-like” attributes than room temperature, although sen-
sory quality decreased during storage time regardless of temperature. 
Consumers liked fruit juices processed by both HPP and TP similarly, 
whereas storage conditions affected liking more than treatment, 
consistent with the descriptive sensory analysis data. “Fresh-like” sen-
sory attributes (e.g., yellow color, orange aroma and flavor, etc.) were the 
strongest drivers of consumer liking for OJ. This was largely the same for 
AJ but in this case two segments emerged, one preferring TP-samples 
high in vanilla and apple aroma and one preferring HPP samples high 
in kiwi and raspberry aromas. In both products, consumer liking and 
familiarity with the samples were highly correlated. 

Collectively, this study provides novel findings on the effects of HPP 
on sensory quality and consumer perception of juices, confirming the 
expected advantages of HPP in maintaining fresh-like character in these 
products, and started to fill a gap in the literature by also considering the 
joint effect of storage conditions. Finally, this study provided a 
comprehensive approach explicitly combining both objective and sub-
jective sensory evaluation which should be encouraged in future studies 
focusing on novel technologies for fruit juices processing. 
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Application of high pressure processing for obtaining “fresh-like” fruit smoothies. 
Food and Bioprocess Technology, 8, 2470–2482. https://doi.org/10.1007/s11947- 
015-1598-5 

Hu, Y.-H., Wang, C.-Y., & Chen, B.-Y. (2020). Effects of high-pressure processing and 
thermal pasteurization on quality and microbiological safety of jabuticaba 
(Myrciaria cauliflora) juice during cold storage. Journal of Food Science & Technology, 
57, 3334–3344. https://doi.org/10.1007/s13197-020-04366-w 

Inada, K. O. P., Torres, A. G., Perrone, D., & Monteiro, M. (2018). High hydrostatic 
pressure processing affects the phenolic profile, preserves sensory attributes and 
ensures microbial quality of jabuticaba (Myrciaria jaboticaba) juice. Journal of the 
Science of Food and Agriculture, 98, 231–239. https://doi.org/10.1002/jsfa.8461 

Jadhav, H. B., Annapure, U. S., & Deshmukh, R. R. (2021). Non-thermal technologies for 
food processing. Frontiers in Nutrition, 8, Article 657090. https://doi.org/10.3389/ 
fnut.2021.657090, 657090. 

Jaeger, S. R., Chheang, S. L., Yin, J., Bava, C. M., Gimenez, A., Vidal, L., & Ares, G. 
(2013). Check-all-that-apply (CATA) responses elicited by consumers: Within- 
assessor reproducibility and stability of sensory product characterizations. Food 
Quality and Preference, 30, 56–67. https://doi.org/10.1016/j.foodqual.2013.04.009 

Juarez-Enriquez, E., Salmeron-Ochoa, I., Gutierrez-Mendez, N., Ramaswamy, H. S., & 
Ortega-Rivas, E. (2015). Shelf life studies on apple juice pasteurised by ultrahigh 
hydrostatic pressure. LWT - Food Science and Technology, 62, 915–919. https://doi. 
org/10.1016/j.lwt.2014.07.041 

Keenan, D. F., Brunton, N. P., Mitchell, M., Gormley, R., & Butler, F. (2012). Flavour 
profiling of fresh and processed fruit smoothies by instrumental and sensory 
analysis. Food Research International, 45, 17–25. https://doi.org/10.1016/j. 
foodres.2011.10.002 

Kim, M. K., Lee, Y.-J., Kwak, H. S., & Kang, M.-w. (2013). Identification of sensory 
attributes that drive consumer liking of commercial orange juice products in korea. 
Journal of Food Science, 78, S1451–S1458. https://doi.org/10.1111/1750- 
3841.12227 
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