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Abstract
This study evaluated the influence of cellulose nanofiber (CNF) incorporated layer-by-layer water-resistant coating on consumer
acceptance of blueberries and cherries processed in light syrup thermally (TP, 97 °C for 7 min) or non-thermally (high hydrostatic
pressure (HHP), 414 MPa for 10 min). The coating technique was validated on canned blueberries in a commercial canning
operation. Consumers (n = 75 and 77 for blueberry and cherry study, respectively) scored overall, color, aroma, and texture
likeness of coated and uncoated processed fruits using a 9-point hedonic scale and firmness intensity using a 5-point just about
right (JAR) scale. Coating treatment significantly (P < 0.05) increased aroma and texture liking scores of TP and HHP blueberries
compared with uncoated ones, but did not impact overall and color liking scores. Coated TP (2.67) and HHP (2.96) blueberries
received closer to JAR score in firmness that uncoated ones (1.88 and 2.57, respectively). Informing consumers about the benefit
of developed coatings altered consumers’ attitude from negative (~ 80 and ~ 57% gave Bneutral^ and Bdisliking^ scores on TP
and HHP samples, respectively) into positive status (BI would like the overall appearance^). Coating treatment resulted in higher
aroma liking scores in HHP cherries, but decreased (P < 0.05) overall and color liking scores on both TP and HHP cherries due to
the presence of visible coating substances onto fruit surface. In commercial canning process, coated blueberries showed great
retention of bioactive compounds and firmness. This study demonstrated that CNF incorporated layer-by-layer coating is
promising to produce high quality of processed fruits in light syrup.
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Introduction

Natural anthocyanin pigments represent attractive red, purple,
and blue color in plants, fruits, and vegetables (Li et al. 2015;
Yousuf et al. 2015). Some in vitro and in vivo studies have
proved the potential health benefits of anthocyanins with an-
tioxidant capacity, cardio-protective effect, anti-inflammatory
property, reduction in the risk of diabetes, and inhibition of
tumor cell growth (Flores et al. 2015; Norberto et al. 2013).

Unfortunately, these bioactive compounds are heat, oxygen,
pH sensitive, and water soluble, and the pigments easily leach
from the fragile berry fruit when thermally processed in aque-
ous media (i.e., canned fruit) (Jung et al. 2015), which in turn
resulted in the significant loss of fruit quality (i.e., color, fla-
vor, and texture) and health benefit.

Previously, authors had developed a cellulose nanofiber
(CNF) incorporated layer-by-layer (LBL) water-resistant coat-
ing technique for preventing anthocyanin pigments degrada-
tion and leaching from simulated canned blueberries in the
light syrup (Jung et al. 2015; Zhao et al. 2014). The technique
was based on the principle that by reinforcing CNF into chi-
tosanmatrix, it could reducewater absorption and solubility of
the coatings through hydrogen bonds and/or electrostatic in-
teractions between CNF and chitosan, thus preserving fruits
against the surrounding aqueous medium. This coating tech-
nique helped retain color, flavor, and texture of thermally
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processed blueberries. For assessing the potential commercial
application of the developed coating technique, it is important
to investigate consumers’ acceptance towards the sensory
quality of processed fruits and the developed technique.
Furthermore, it is necessary to validate the technique in a
scaled-up commercial canning operation.

In this study, blueberries and cherries were prepared using
our developed coating technique, and then filled in light syrup
and processed thermally or non-thermally. Thermal process
(canning) is effective to kill microorganisms for ensuring food
safety and extending product shelf-life, but it could signifi-
cantly destroy fruit color, flavor, and texture (Cavender and
Kerr 2011; Patras et al. 2010). Non-thermal process using high
hydrostatic pressure (HHP) has created new opportunities to
provide the balance between food safety and quality (Plaza et
al. 2012; Raso and Barbosa-Cánovas 2003). It was reported
that HHP at < 600 MPa was unable to dissociate covalent
bonds of low molecular weight compounds, such as pigment
and flavor compounds (Tauscher 1995). It was thus hypothe-
sized that HHP would offer better product quality for fragile
blueberries or cherries in comparison with the thermal process
(TP).

Therefore, the objectives of this study were (1) to investi-
gate consumer acceptance of TP and HHP processed blue-
berries and cherries that were prepared using CNF incorporat-
ed LBL coating technique, and (2) to validate the durability of
developed coating technique on blueberries in a commercial
canning facility. Based upon our best knowledge, this study
was the first attempt to evaluate the consumer acceptance of
processed fruits using CNF incorporated coating technique.
Results generated from this study would provide valuable in-
formation for directing future research in utilizing CNF incor-
porated LBL water-resistant coating for improving quality of
processed fruits.

Materials and Methods

Materials

CNF slurry (2.95 g/100 g wet basis) was obtained from the
Process Development Center of the University of Maine (ME,
USA). CNF was extracted from northern bleached softwood
kraft pulp using the Masuko MKZB15-50J super mass collid-
er creating a high shear zone, thus liberating nanofibers pres-
ent in natural lignocellulosic fibers with dimensions of 20–
50 nm in width and up to several hundred microns in length
(The Process Development Center, University of Maine,
2016). The following chemical reagents were used for the
experiments: Folin−Ciocalteu’s (FC) phenol reagent (MP
Biomedicals, LLC, Santa Ana, CA, USA), gallic acid
(Sigma-Aldrich Co., LLC, St. Louis, MO, USA), acetic acid
(Avantor Performance Materials International, Inc., Center

Valley, PA, USA), L-ascorbic acid (Avantor Performance
Materials International, Inc., Center Valley, PA, USA), 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) (95%) (Alfa Aesar, Ward
Hill, MA, USA), hydrochloric acid (HCl) (EMD Chemicals,
Inc., Gibbstown, NJ), sodium acetate (EMD Chemicals, Inc.
Gibbstown, NJ, USA), potassium chloride (KCl) (EMD
Chemicals, Inc., Gibbstown, NJ, USA), sodium carbonate
(EMD Chemicals, Inc., Gibbstown, NJ, USA), trifluoroacetic
acid (EMD Chemicals, Inc., Gibbstown, NJ, USA), and
Tween 80 (Amresco, OH, USA). Analytical-grade methanol,
ethanol, and acetone were used for the extraction of anthocy-
anins. Methyl cellulose (MC) and sodium alginate (SA) were
obtained fromAlfa Aesar (viscosity 1600 cPs, MA, USA) and
TIC Gums, Inc. (White Marsh, MD, USA), respectively.

Coating Treatment for Blueberries and Cherries

Fresh highbush blueberries (Vaccinium corymbosum L.) were
donated by a local berry grower in Oregon, USA, and fresh
Bing cherries (Prunus avium L.) were purchased from a local
market. Fruits were washed using Environne (Consumer
Health Research, Inc., OR, USA) and dried to evaporate sur-
face water at ambient conditions. Uncoated samples were
transferred to glass jars or polyethylene bags with light syrup
for TP and HHP, respectively, as controls. For coated samples,
fruits were pretreated by soaking in 1% CaCl2 and 1% Tween
80 for 30–60 min, washed, and dried at ambient temperature.
The purpose of pretreatment was to improve interactions of
CaCl2 with pectin in the cell wall of fruit throughout the epi-
cuticular wax layer (Schlegel and Schönherr 2002; Schönherr
2000), thus improving the stability of anthocyanins bound to
fruit cell wall (Padayachee et al. 2013; Padayachee et al.
2012). The layer-by-layer (LBL) coating technique including
three steps was further applied as follows (Jung et al. 2015):
(1) pre-coating using 0.5% (w/w wet basis) sodium alginate +
0.5% (w/w wet basis) methyl cellulose to induce close attach-
ment of coating materials onto fruit surfaces and dried at the
ambient conditions under a fan, (2) CNF reinforced water
resistance coating using 2% (w/w wet basis) chitosan dis-
solved in 1% (w/w wet basis) acetic acid + 0.5% (w/w wet
basis) CaCl2 + 0.2% (w/w wet basis) CNF to protect fruit
against surrounding liquid and processed conditions and dried
at the ambient conditions under a fan, and (3) hydrogel for-
mation by dipping above treated fruit in 0.5% (w/w wet basis)
sodium alginate bath for 10 min and 3% (w/w wet basis)
CaCl2 bath for 10 min, respectively, to preserve coating onto
fruit within liquid. Coated fruits were also transferred into
glass jars or polyethylene bags with light syrup for TP and
HHP, respectively. The quantity of each coating ingredient in
100 g of coated fruit samples was estimated at ~ 11.5 mg
sodium alginate, ~ 5.8 mg methyl cellulose, ~ 23.2 mg chito-
san, ~ 11.6 mg acetic acid, ~ 34.9 mg CaCl2, and ~ 2.3 mg
CNF (total weight of ~ 89.3 mg/100 g fruit or ~ 0.089% fruit
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weight). These numbers were based upon the coating thick-
ness of ~ 0.05 mm onto fruit surface (~ 1-cm diameter of blue-
berry, and ~ 74 blueberries for 100-g sample).

Thermal and High Hydrostatic Pressure Processes
of Fruit

Uncoated and coated fruit were subjected to TP and HHP
processes. For TP, 6–8 pieces of blueberry or cherry were
placed into Mason jars (~ 120-mL jar for blueberries and ~
470-mL jars for cherries owing to their larger size of cherries)
filled with 150 or 100 mL of 20% sucrose solution, respec-
tively, with formic acid adjusted to pH 4.0. The jars were then
processed in a water bath at 97 °C for 7 min, followed by
cooling in tap water. For HHP, 15–20 pieces of blueberry or
10–15 pieces of cherry were packed in a polyethylene bag
filled with 100 mL of 20% sucrose solution at pH 4.0, and
processed at 414 MPa for 10 min in a 22-L high EPSI
(Haverhill, MA, USA) HHP unit in conjunction with a Flow
International (South Kent, WA, USA) 40 hp. intensifier. A
pressure of 414 MPa was selected because it has been widely
applied for various food products with pH below 4.5 to sup-
press microbial growth (Ramaswamy, Balasubramaniam, and
Kaletunç 2010). The polyethylene bags were placed into the
water filled 22-L high pressure vessel with ice to prevent
temperature increase of samples during pressurization. HHP
processed fruit were then transferred to sterilized jars (~
470 mL) for sensory evaluation.

Recruiting of Consumers

Permission to carry out the sensory study was approved by
the Institutional Review Board for the Protection of Human
Subjects at the Oregon State University (OSU) (Study ID:
6910 - Development of Innovative Technologies to Retain
Naturally-Occurring Anthocyanin Pigments and Their
Bioactivities in Processed Whole Fruits). Consumers over
18 years old were recruited by email using the Sensory
Science Laboratory database (OSU, Corvallis, Oregon,
USA) and screened using criteria questions, such as fre-
quency of consumption or purchasing for blueberry, cher-
ry, or other fruit (fresh or processed). Before participating
in the evaluation, eligible consumers were asked to sign a
consent form. In this study, two groups of consumers were
recruited, one for blueberry study (n = 75) and another for
cherry study (n = 77). Sensory evaluation test was conduct-
ed in the Sensory Science Laboratory, Oregon State
University (Corvallis, OR, USA).

Consumer Sensory Evaluation

Fruit samples were prepared 1 day prior to the day of the
sensory study, stored at a 4 °C refrigerator after processing,

and then warmed up to ambient temperature at the day of
test before serving to consumers. Fruit samples were either
placed in Mason jars or plastic cups (see details below)
labeled with 3-digit random numbers, and placed inside a
tray when presenting to consumers in isolated sensory tast-
ing booths under white fluorescent light. Note that while
CNF is prepared from natural wood fibers using mechani-
cal method and is not toxic and safe based on the literatures
(Endes et al. 2016), it is not Bgenerally recognized as safe
(GRAS)^ by FDA for direct food application yet. Hence,
consumers were not asked to eat the fruit coated with CNF,
but observe and touch the samples.

The steps applied on the sensory study of blueberries
are illustrated in Fig. 1. Study background information
BDriven by health and aesthetic demands, there is an in-
creasing market demand for colorful foods. However, in
many cases, the state of the art is not capable of both
preserving color and simultaneously retaining the healthy,
flavorful and appealing nature of fruits during food
processing^ was firstly provided to the consumers. The
consumers were asked to observe samples in Mason jars
and rank the overall appearance and color liking using a
9-point hedonic scale (1 = dislike extremely, 5 = neither
like nor dislike, and 9 = like extremely). A branch ques-
tion BYou indicated that you neither liked nor disliked the
overall appearance of this product. If you knew this prod-
uct preserved natural color, flavor, and texture in proc-
essed fruits without the use of chemical color additives,
how would this influence your liking or disliking of the
overall appearance of the product^ was then asked to the
consumer who ranked 5 (neutral) or below (disliking) in
the overall appearance liking for coated fruits. This
branch question was intended to investigate how con-
sumers might change their attitude towards the products
after knowing the Bhealthy^ benefit of the product. The
consumers were then asked to open the lid of served jar,
smell and touch the samples for scoring aroma and texture
liking using the 9-point hedonic scale. Firmness intensity
was ranked using JAR scale (1 = much too soft, 2 = some-
what too soft, 3 = just about right, 4 = somewhat too firm,
5 = much too firm).

For the cherry study, consumers were firstly asked to ob-
serve samples inMason jar with a question BDoes this product
meet your expectations for naturally processed cherries with-
out color additives?^ and then a branch question BYou indi-
cated that this naturally processed cherry product did not meet
your expectations for a good naturally processed cherry prod-
uct without color additives. Please explain.^ was asked to
those who answered BNo.^ After that, consumers were asked
to observe the samples again and rank the overall appearance
and color liking using a 9-point hedonic scale as mentioned
above. Furthermore, sample cups with 2–3 cherries per cup
were provided to the consumers and asked them to smell and
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touch the samples, and score aroma and texture liking using
the same 9-point hedonic scale. Firmness intensity of fruits
was also evaluated using same JAR scale. Both blueberry
and cherry studies were done in a 30 min of time period per
session.

Validation of Coating in Canned Blueberries
at a Commercial Canning Operation

Uncoated and coated blueberries were filled into the #300 can
(269–302 g of fruits in each can) with 30–34 °Brix dilute high
fructose corn syrup (~ 140 g). Cans were sealed and a total of
24 prepared cans were thermally processed in a commercial

fruit canning facility (Oregon, USA) that operated at ~ 91 °C
for 5 min in vacuum pressure of 127–508 mmHg (the center
temperature of cooked cans was ~ 91 °C), and then cooled
down in a cold water tank for about 12–18 min to reach ~
35 °C. Cans were stored in a 4 °C refrigerator and analyzed on
the quality of both fruits and filling syrup after 1 week of
storage.

Evaluation of Selected Quality Parameters of Fruit
and Filling Syrup

Soluble solid content (TSS, °Brix) and titratable acidity (TA)
of fruits and filling syrup were measured using the methods of

Fig. 1 Illustration of the steps applied in the consumer sensory study of
blueberries after thermal process (TP) and high hydrostatic pressure
(HHP) process, and cross-tabulation percentage results in 9-point

hedonic scale; 1–4 was considered the Bnegative^ and Bdislike^ part of
the scale; 5 was considered the Bneutral^ part of the scale; 6–9 was
considered the Bpositive^ and Blike^ part of the scale
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Fisk et al. (2008). Briefly, fruits and syrup (~ 10 g) were
weighed, mixed with distilled water at a 1:9 (w/w) ratio, and
blended for 1 min using a kitchen blender (Osterizer, Jarden
Corp., Mexico). The mixture was filtered through a filter pa-
per (Whatman No. 1) to remove insoluble materials. TSS of
the filtrates was measured using a refractometer (Brix RA-250
HE, Kyoto Electronics Manufacturing Co., Ltd., Kyoto,
Japan). The filtrate was also titrated with a standardized
0.1 N aqueous NaOH solution up to an end point of pH 8.2
using a pH meter (Corning 125, Corning Science Products,
Tewksbury, MA). TAvalue was calculated using citric acid as
the predominant acid in blueberries. Firmness of fruits was
determined using a texture analyzer (TA.XT2, Stable Micro
Systems, Inc., UK). Individual fruit was compressed for a total
deformation of 3 mm between two parallel plates at a speed of
0.5 mm/s. The stem−calyx axis of blueberries was placed in
parallel onto the compression plates. The highest peak was
marked as the firmness (N). Color (L*: lightness, a*: redness,
and b*: yellowness) and haziness of syrup placed in a 5-mm
length quartz cell were evaluated by a ColorQuest HunterLab
Spectrophotometer (Hunter Associates Laboratories Inc., VA,

USA). Chroma was calculated by
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a*2 þ b*2
p

: Light going
through a solution containing large size soluble molecules can
be scattered, which gave a Bhaze^ perception of the solution
(Ngo and Zhao 2009). Pour-plate method using plate count
agar was used to determine the total plate counts in the blue-
berry sample (Duan et al. 2010). Briefly, fruits (~ 10 g) were
put into a sterile sampling bag, diluted with 90mL of sterilized
0.1% peptone water, and homogenized using a stomacher type
pulverizer (Stomacher 400 Circulator, Seward, London, UK)
at 230 rpm for 2 min. The serial dilutions of fruit homogenates
were spread onto plate count agar (HiMedia Laboratories Pvt.
Ltd., India) and incubated at 37 °C for 16–24 h, and the col-
onies were counted. All tests were run in triplicates.

Analysis of Total Phenolic Content in Fruit and Filling
Syrup

Fruit samples were extracted using 60% methanol at a 1:10
(sample/methanol) ratio for 20 min using a sonication unit (B-
200H, Branson, Danbury, CT, USA) in 50-mL centrifuge
tubes based on the optimized extraction conditions developed
by our laboratory (Wang et al. 2016). The obtained extracts
were centrifuged (International Equipment Co., Boston, MA,
USA) at 10,000×g and 4 °C for 10 min and filtrated through a
Whatman No. 1 filter paper. Methanol was evaporated with a
vacuum rotary evaporator (Brinkmann Instruments,Westbury,
NY, USA) at 40 °C, and resulting extracts were re-dissolved in
citric buffer (pH 3.5) in a 25-mL volumetric flask. The extracts
were stored in a − 80 °C freezer (VWR International LLC,
Radnor, PA, USA) until further analysis. Syrup samples
(10 g) were also blended with 90 mL of distilled water and

filtered using the Whatman No. 1 filter paper to get rid of
insoluble suspended materials. Total phenolic content (TPC)
was measured using the FC reagent-based colorimetric assay
(Singleton and Rossi 1965). TPC was calculated as gallic acid
equivalent (GAE) and reported as mg/100 g of fresh fruits.
Total monomeric anthocyanin (TMA) content was determined
using the pH-differential method (Lee et al. 2005) and
expressed as mg cyanide-3-glucoside/100 g of fresh fruits
with a molecular weight of 449.2 g/mol and a molar absorp-
tivity of 26,900.

Experimental Design and Statistical Analysis

For the sensory study, the significant difference between un-
coated and coated fruits within each process (TP and HHP,
respectively) was analyzed by a paired t test (P < 0.05)
(Microsoft Excel, Redmond, WA, USA).

For the commercial canning operation, a completely ran-
domized design with two levels (uncoated vs. coated) was
applied. The significant difference between uncoated and
coated fruit was also analyzed by a paired t test (P < 0.05).

Results and Discussion

Consumer Acceptance on the Sensory Quality
of Processed Blueberries

Consumer acceptance on the sensory quality of processed
blueberries was compared between coated and uncoated fruits
after TP and HHP process (Table 1). For TP samples, there
was no difference in overall and coloring liking scores be-
tween coated and uncoated blueberries, but coated fruits
showed significantly (P < 0.05) higher aroma and texture lik-
ing scores in comparison with uncoated one. In relation to
texture, coated fruits (2.67) received close to JAR (3.0) score,
compared with uncoated fruits (1.88). HHP samples received
similar sensory score to that of TP samples, in which coated
fruits had higher aroma and texture liking scores as well as
close (2.96) to JAR score. After informing consumers about
benefits of the coating (Fig. 1), among the 40% of the con-
sumers who initially ranked overall liking scores within 1–5
(Fig. 2), ~ 28 and ~ 56% of them changed their attitude to-
wards the products and selected BI would like the overall
appearance much more^ and BI would like the overall appear-
ance somewhat more^, respectively. Only ~ 16% of them se-
lected that BThis statement would not influence my liking or
disliking of overall appearance.^ For HHP samples, among
the 19% of consumers who initially ranked overall liking
scores within 1–5, 7 and 50% of them changed their attitude
by selecting BI would like the overall appearance much more^
and BI would like the overall appearance somewhat more,^
respectively. Hence, consumer education about the developed
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coating technique could potentially impact their purchase in-
tent and acceptance towards new technology and products.

Consumer Acceptance on the Sensory Quality
of Processed Cherries

Consumer acceptance on the sensory quality of uncoated and
coated cherries subjected to TP or HHP process is reported in
Table 2. For TP samples, uncoated fruits received higher
scores in overall liking and color liking (P< 0.05) but had
no difference in aroma and texture liking from uncoated fruits.

In relation to texture, both coated (3.14) and uncoated (2.88)
cherries received close to JAR score. For HHP samples, un-
coated fruits retained higher (P < 0.05) overall liking and color
liking scores than that of coated fruits, whereas coated fruits
had higher aroma liking score than that of uncoated fruits.
This result was similar to that of blueberries, demonstrating
the benefit of coating for preserving fruit aroma. No difference
in texture liking and texture JAR score was observed between
coated and uncoated cherries. Regarding to consumers’ re-
sponse to the branch question (Fig. 3), for TP cherries, ~
55% consumers answered BYes^ (satisfied) on coated fruits.

Table 1 Comparison of
consumer acceptance and texture
intensity scores between coated
and uncoated blueberries after
thermal process (TP) and high
hydrostatic pressure process
(HHP) (n = 75)

Fruit processing methods

TP1 HHP2

Attributes Uncoated fruit Coated fruit Uncoated fruit Coated fruit

Overall liking3 5.77a,4 5.79a,4 6.76a 6.76a

Color liking 5.99a 5.72a 6.84a 6.75a

Aroma liking 5.75b 6.40a 5.45b 5.84a

Texture liking 4.71b 5.97a 5.89b 6.48a

Texture intensity5 1.88b 2.67a 2.57b 2.96a

1 Thermal process was conducted at 97 °C for 7 min
2High hydrostatic pressure process was conducted at 414 MPa for 10 min
3 Consumer preferences were evaluated by using a 9-point hedonic scale as follows: 1 = dislike extremely, 2 =
dislike very much, 3 = dislike moderately, 4 = dislike slightly, 5 = neither like nor dislike, 6 = like slightly, 7 = like
moderately, 8 = like very much, and 9 = like extremely
4Means in a given row with different letters within a processing method (TP or HHP) are statistically different
with each other by a paired t test (P < 0.05)
5 A 5-point JAR scale was used as follow: 1 =much too soft, 2 = somewhat too soft, 3 = just about right, 4 =
somewhat too firm, 5 =much too firm
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Fig. 2 Changes of consumers’
ranking on overall appearance
liking of coated and processed
blueberries after informing them
about the benefit of coatings;
thermal process (TP) was
conducted at 97 °C for 7 min;
high hydrostatic pressure (HHP)
process was carried at 414 MPa
for 10 min; inset indicated the
percentage of consumers ranked
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However, ~ 45% consumers answered BNo^ (not satisfied) on
coated fruits because of Bvisible film or coating onto fruit

surface,^ Btoo light/pale syrup,^ Bgreyish fruit surface,^ Bnot
appealing fruit and syrup color,^ and Bwatery syrup.^ For

Table 2 Comparison of
consumer acceptance and texture
intensity scores between coated
and uncoated cherries after
thermal process (TP) and high
hydrostatic pressure process
(HHP) (n = 77)

Sensory attributes Fruit processing methods

TP1 HHP2

Uncoated fruit Coated fruit Uncoated fruit Coated fruit

Overall liking3 6.44a,4 4.73b 7.79a 5.64b

Color liking 6.48a 5.06b 7.81a 6.42b

Aroma liking 5.77a 5.94a 5.53b 6.22a

Texture liking 7.01a 7.12a 6.78a 6.39a

Texture intensity5 2.88b 3.14a 2.77a 2.77a

1 Thermal process was conducted at 97 °C for 7 min
2High hydrostatic pressure process was conducted at 414 MPa for 10 min
3 Consumer preferences were evaluated by using a 9-point hedonic scale as follows: 1 = dislike extremely, 2 =
dislike very much, 3 = dislike moderately, 4 = dislike slightly, 5 = neither like nor dislike, 6 = like slightly, 7 = like
moderately, 8 = like very much, and 9 = like extremely
4Means in a given row with different letters within a processing method (TP or HHP) are statistically different
with each other by a paired t test (P < 0.05)
5 A 5-point JAR scale was used as follow: 1 =much too soft, 2 = somewhat too soft, 3 = just about right, 4 =
somewhat too firm, 5 =much too firm

Fig. 3 Illustration of the steps used in the consumer sensory study of cherries after thermal process (TP) and high hydrostatic pressure process (HHP) and
the result of consumers’ attitude towards coated cherry as the naturally processed product
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HHP cherries, ~ 72% consumers answered BYes^ to coated
fruits, indicating that more consumers were satisfied with
HHP coated cherries in comparison with TP ones. However,
~ 28% were still unsatisfied with coated cherries due to the
following reasons: Bvisible film/coating,^ Bbubbles on fruit
surface,^ and Blight liquid color.^ These results demonstrated
that visible coating substances onto cherry surface could im-
pact consumers’ satisfaction.

The principal component analysis (PCA) was applied to
further observe the trends in sensory data and to understand
the coordination among eight different types of fruit product
(coated and uncoated blueberries and cherries after TP or
HHP process) and consumers’ acceptance on fruit sensory
quality (Fig. 4). Figure 4a, b shows the projection of the
samples on the plane defined by the first and second princi-
pal components and the corresponding loading plot, respec-
tively. The first and second principal components described
88.4% of the variability (49.2 and 39.1%, respectively). It
was seen that overall and texture liking scores were positive-
ly related to color liking and JAR, respectively, but aroma
liking score was negatively related to overall liking score
(Fig. 4a). These results indicated that the higher aroma lik-
ing of coated fruits had no positive impact on overall liking
score. Three samples, including uncoated HHP cherries,
coated HHP blueberries, and uncoated TP cherries, were
characterized by higher overall liking and color liking
scores, and coated HHP cherries, coated TP cherries, and
coated TP blueberries were grouped by higher aroma liking
scores (Fig. 4b). These trends were consistent with the re-
sults in consumer acceptances on sensory qualities of each
product reported in Tables 1 and 2.

Quality Characteristics of Canned Blueberries
Through the Commercial Canning Operation

Our previous study demonstrated that the developed LBL
coating was not solubilized in filling syrup and stable during
high temperature process (Jung et al. 2015), thus helping re-
tain anthocyanin pigments and firmness of processed fruits.
This study further validated the developed coating technique
in a commercial canning operation by evaluating selected
quality parameters of processed blueberries and filling syrup
after 1 week of storage at 4 °C (Table 3). Based on the visual
observation (photos in Table 3), more anthocyanin pigments
(deep purple color observed in the stainless bowl) were
leached to filling syrup from uncoated blueberries in compar-
ison with that from coated fruits. TA (%) and firmness of
coated blueberries were significantly (P < 0.05) higher than
those of uncoated one, whereas TA of filling syrup with coated
blueberries was significantly (P < 0.05) higher; TSS, TPC,
and TMA were significantly lower than those in syrup with
uncoated ones, meaning that coating reduced the leaching of
soluble solids and bioactive compounds from coated fruits
into filling syrup. Consistently, filling syrup with coated fruits
had lower Chroma (i.e., color intensity) and haziness (i.e.,
impurities) values than that with uncoated fruits, again indi-
cating less color leaching from fruits into the syrup. These
results supported that coating effectively preserved bioactive
compounds, color and firmness of canned blueberries. The
higher TA value of both fruit and filling syrup in coated sam-
ple was probably because the acetic acid (1%) used for dis-
solving chitosan penetrated into fruits and released to the syr-
up after the thermal process. On the other hand, the coated
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samples contained lower TPC and TMA than that of uncoated
fruits although the differences were not statistically (P > 0.05)
significant. These results might be owning to two reasons: (1)
the amount of extracted TMA from the coated fruits was
underestimated since coating materials might be partially
counted into the total weight of fruit sample and (2) the phe-
nolic compounds was present as bound form with less disso-
ciation during the thermal process in coated fruits (Lin et al.
2016). In addition, the commercial canning process was effec-
tive to suppress the bacterial growth in canned blueberries,
showing no bacterial detection in all processed samples.
Hence, this study validated that developed LBL water-
resistant coating technique is applicable for preserving color,
bioactive compounds, and firmness of fruits in light syrup
subjected to thermal or high hydrostatic pressure process. It
should be also noted that the production cost and consumer
education are critical factors for transferring the developed
technique to the commercial application.

Conclusions

Consumer acceptance and quality of processed blueberries or
cherries subjected to our previously developed cellulose nano-
fiber (CNF) incorporated layer-by-layer (LBL) water-resistant
coating were evaluated in this study. Consumer acceptance
study demonstrated that coating improved texture and aroma
liking scores of HHP or TP blueberries, and increased aroma
liking of HHP cherries in comparison with uncoated fruits. It
was also found that consumer’s education about the benefit of

coating technique is important for improving their acceptabil-
ity towards the new technique and fruit products. Consumers
who were not satisfied with coated cherries mostly had con-
cerns on the presence of visible coating substances on the fruit
surface. Hence, the quality of coatings needs to be improved
to be less visible and more homogenous onto fruit surface.
Based on the results from the studies of consumer sensory
evaluation and validation in commercial canning operation,
CNF incorporated coating have a potential for preserving col-
or, aroma, and texture of processed fruits, a technique chal-
lenge where processed fruit industry has been facing for long
term. Currently, however, CNF is not generally recognized as
safe (GRAS) yet, thus limiting its commercial applications in
the food industry. More studies are also necessary to improve
the current coating formulation on cherries for providing bet-
ter appearance onto cherry surface and to validate the coating
performance on cherries at commercial operation conditions.
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