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Abstract
Enrichment of strawberry juices with prebiotic fiber (inulin and oligofructose) and their preservation treatment (with
ultrasound and geraniol) were optimized by response surface methodology with a Box-Behnken design in order to
simultaneously maximize microbiological, nutritional, and sensory quality of juices after 2 weeks of refrigerated storage.
The optimal conditions were inulin/oligofructose proportion of 5:3, 0.225 μL/mL of geraniol and ultrasound time equal
to 0, with a desirability value of 0.77. After that, strawberry juices were treated at optimal conditions to investigate
changes on microbiological (native microflora), nutritional (including ascorbic acid content and antioxidant capacity
indicators), sensory quality and safety (simulating an eventual postharvest contamination with Escherichia coli O157:H7
and Listeria innocua) during storage. Finally, a study evaluating the performance of the optimized treatment on stability
of prebiotics added to strawberry juices was carried out. The optimized treatment was highly effective to reduce native
microflora counts, as well as, to inhibit those inoculated pathogens in juices. Treatment at optimal conditions did not
induce any negative effect neither on antioxidant capacity indicators nor on ascorbic acid content of juices. Furthermore,
the optimized treatment ensured the stability of inulin and oligofructose added to juices during storage. The simulta-
neous optimization allowed lower concentrations of geraniol, reducing the impact on sensory quality. Therefore, the
enrichment and treatment of strawberry optimized and proposed in this work could be a feasible alternative to thermal
pasteurization to ensure the microbiological quality and safety in juices, as well as, to improve nutritional and sensory
quality.
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Introduction

Consumers’ demand for high nutritional quality food products
with Bfresh-like^ characteristic without added chemical addi-
tives such as unpasteurized fruit juices have increased in the

last decade (Mosqueda-Melgar et al. 2012). In response to this
demand, the market of strawberry juices has become more
popular, not only for the noticeable organoleptic attributes
ascribed to the fruit but also for its nutritional properties, since
strawberry is a valuable source of compounds with potential
health benefits (Aday et al. 2013). To attend the demand of
healthier foods, food products can be enriched with functional
ingredients, such as prebiotics like inulin and oligofructose,
thus increasing their nutritional properties (Keenan et al.
2011). Inulin and oligofructose are among the most studied
and well-established prebiotics. These compounds are consid-
ered fibers because they are not digested in the gastrointestinal
due to their structure. Among their nutritional attributes, these
substances stimulate beneficial gut microflora and relieve con-
stipation, as well as, improve calcium availability (Zuleta and
Sambucetti 2001). Besides, these compounds have important
technological properties; for example, inulin has a remarkable
capacity to replace fat and improve the stability of foams and
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emulsions, such as ice creams and sauces. Moreover,
oligofructose is much more soluble than inulin, and its pure
form has a sweetness of about 35% in comparison with su-
crose (Franck 2002).

Fresh fruit juices have a short shelf life that can be
generally attributed to both microbial and enzymatic
spoilage. Thus, thermal pasteurization is usually applied
to juices in order to inhibit pathogenic microorganisms
and extend its shelf life. However, this technology dam-
ages nutritional, sensory, and physicochemical properties
of foods (Mosqueda-Melgar et al. 2008). For this reason,
alternative technologies that offer the advantages of using
low processing temperatures, low energy consumption,
and retention of nutritional and sensory attributes, while
inactivating pathogenic microorganisms to levels that do
not cause a public health risk, are being applied. Among
these technologies, geraniol, a bioactive compound be-
longing to the class of monoterpenoids, is an important
constituent of essential oils of various aromatic herbs and
has applications due to its aroma in food and beverage
industries. It has a pleasant aroma characteristic of rose
oil and citrus fruits (Prasad and Muralidhara 2017). The
antibacterial and antioxidant activity of geraniol against
pathogenic and spoilage-forming bacteria were tested in
in vitro studies (Zengin and Baysal 2014). In a previous
work, geraniol was proved to be highly effective in reduc-
ing native microflora counts of fiber-enriched strawberry
juices but sensory attributes were affected (Cassani et al.
2016). Thus, an alternative to reduce this negative effect
could be to apply this natural antimicrobial together with
ultrasound, an environmentally friendly process common-
ly used to inactivate deteriorative microorganisms and en-
zymes of foods, in order to achieve the same antimicrobial
effect without affecting sensory quality. Besides, it is in-
teresting to investigate the impact of enriching strawberry
juices with different proportions of prebiotics (inulin and
oligofructose) on sensory attributes and to study the inter-
action between the mix of prebiotics and the preservation
treatments applied. Thus, the objectives of this work were
to (1) find the optimal combination of the preservation
factors (ultrasound time, concentration of geraniol) and
enrichment of strawberry juice (added prebiotics compo-
sition) using response surface methodology in order to
simultaneously maximize microbial, nutritional, and sen-
sory quality of juices after 2 weeks of storage; (2) evalu-
ate the effect of the optimized treatment on quality param-
eters (microbiological, antioxidant capacity indicators,
and sensory) and safety (simulating an eventual posthar-
vest contamination with Escherichia coli O157:H7 and
Listeria innocua) of strawberry juice during 14 days of
storage; and (3) study the performance of the optimized
treatment on stability of sugars and prebiotics added to
strawberry juices.

Materials and Methods

Juice Obtaining

Strawberries (Fragaria x ananassa Duch. cv. Aromas) were
grown in Sierra de los Padres, Mar del Plata, Argentina.
Strawberries intended for the optimization and validation
analysis (objective 1) were harvested at commercial matura-
tion in January 2015, those used for quality and safety analysis
were collected in January 2016 (objective 2), while those
intended for the sugars and prebiotics stability analysis were
gathered in February 2016 (objective 3). Fruits with good
visual quality were washed with tap water and the calyx was
removed by hand. Then, juice was obtained by squeezing the
fruits using a commercial extractor and the fresh strawberry
juice was collected in a glass jar. The juice was homogenized
and bottled under hygienic conditions into 350-mL polyethyl-
ene terephthalate bottles and sealed with polyethylene caps to
be subsequently used in the experiments.

Enrichment and Treatment Optimization

Experimental Design

A first study was conducted to find the optimum combina-
tion of the preservation treatments (ultrasound time, con-
centration of geraniol) and enrichment of strawberry juice
(mixture of inulin and oligofructose) using response surface
methodology with a Box-Behnken design, in order to simul-
taneously minimize microbial counts, maximize nutritional
properties, and minimize the impact on sensory quality of
juices after 2 weeks of storage. The method of least-squares
regression was used to fit data to a quadratic model of the
form (for each response variable):

Yn ¼ β0 þ ∑
3

i¼1
βiX i þ ∑

2

i¼1
∑
3

j¼2; j>i
βijX iX j þ ∑

3

i¼1
βiiX

2
i ð1Þ

where Yn is the predicted response (Y1 = mesophilic bacte-
ria counts, Y2 = yeasts and molds counts, Y3 = ascorbic acid
content, Y4 = overall visual quality, Y5 = typical odor, Y6 = off-
odor); β0 is the model constant, βi is the linear coefficient, βii
is the quadratic coefficient, AND βij is the coefficient for the
interaction effect. Xi is a dimensionless coded value of the
independent variable, xi. In this study, x1 = prebiotics propor-
tion (inulin/oligofructose), x2 = ultrasound time (min), x3 =
geraniol concentration (μL/mL).

For a 3-level, 3-factor Box-Behnken experimental design
with three replicates at the central point, a total of 15 experi-
mental runs are needed, in which each variable was tested at
three different coded levels: low (− 1), middle (0), and high
(+1) as shown in Table 1. At days 0 and 14, responses were
measured by duplicate for each trial. Mean values were
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informed for each response and were considered for fitting the
second-order polynomial models (Eq. 1).

The amount of prebiotics (inulin/oligofructose proportion)
was selected according to previous studies. In this way, 3 g of
fibers in 200 mL of juice were evaluated at three different
proportions of inulin/oligofructose (1:3, 1:1, and 3:1). The
ultrasound processing times selected for this study were 0,
15, and 30 min, according to Tomadoni et al. (2017), while
geraniol was applied at 0, 0.15, and 0.30 μL/mL of juice.
These concentrations were selected according to Cassani
et al. (2016).

Inulin and oligofructose were added to each strawberry
juice bottle and stirred until total dissolution. The ultrasound
treatments were performed at 40-kHz frequency (power of the
ultrasound waves: 180 W transmitted from bottom to above)
using an ultrasonic cleaning bath (TestLab, Argentine) of 15 ×
29 × 15 cm in the dark. Temperature in the ultrasonic bath was
monitored at 20 ± 1 °C. Geraniol (Firmenich SAICYF,
Argentina) was applied directly into the juice samples and
stirred until total dissolution.

Three extra juice samples were used as controls: juice sam-
ple with an inulin/oligofructose proportion of 1:3 without

preservation treatment (C1), juice sample with an inulin/
oligofructose proportion of 3:1 without preservation treatment
(C2), and untreated juice sample (C3).

Response Variables

The impact of adding functional ingredients in combination
with the preservation treatments onmicrobiological, nutrition-
al, and sensory quality of strawberry juice was simultaneously
analyzed. These parameters were assessed at days 0 and 14 of
refrigerated storage.

The microbial stability of strawberry juices was evaluated
through the enumeration of total aerobic mesophilic bacteria
(MES) and yeasts and molds (YM) populations. A 10-mL
aliquot of juice from each treatment was sampled and serial
dilutions (1:10) were made in peptonated water (1 mg/mL)
and surface spread by duplicate. The enumeration of the mi-
crobial populations was performed according to Ponce et al.
(2008) by using the following culture media and culture con-
ditions:MES on plate count agar (PCA) incubated at 35 °C for
48 h and YM on yeast-glucose-chloramphenicol (YGC) me-
dium incubated at 25 °C for 5 days. All culture mediums were

Table 1 Box-Behnken experimental design matrix; initial values of all responses of control samples and mean values of all responses of non-treated
and treated samples under different experimental conditions after 14 d of storage at 5 °C

Independent variablesa Response variables

Time of
storage
(day)

Sample x1
Fiber
proportion
(inulin/
oligofructose)

x2
Ultrasound
treatment
(min)

x3
Bioactive
concentration
(μL/mL)

Mesophilic
bacteria
(log CFU/
mL)

Yeasts and molds
(log CFU/mL)

Ascorbic acid (mg
ascorbic acid/
100 mL of juice)

Overall
visual
quality

Typical
odor

Off-
odor

0 C1 5.50 5.27 43.94 4.78 4.00 0.61
C2 5.46 5.22 43.75 4.67 3.16 0.30
C3 5.49 5.12 44.44 4.67 4.43 0.27

14 1 1:3 (− 1) 0 (− 1) 0.15 (0) 4.47 4.38 23.78 2.77 2.17 1.53
2 1:3 (− 1) 30 (1) 0.15 (0) 4.79 3.98 24.47 3.24 1.95 2.35
3 3:1 (1) 0 (− 1) 0.15 (0) 5.01 4.61 26.07 3.33 1.53 2.03
4 3:1 (1) 30 (1) 0.15 (0) 5.63 5.53 23.20 3.50 1.48 2.47
5 1:1 (0) 0 (− 1) 0 (− 1) 5.88 5.87 28.20 2.40 0.00 5.00
6 1:1 (0) 0 (− 1) 0.30 (1) 4.83 4.03 23.92 3.37 1.82 3.23
7 1:1 (0) 30 (1) 0 (− 1) 7.39 7.32 29.60 3.00 0.00 5.00
8 1:1 (0) 30 (1) 0.30 (1) 5.06 4.01 23.04 3.33 1.87 3.00
9 1:3 (− 1) 15 (0) 0 (− 1) 7.49 7.62 24.89 3.10 0.00 5.00
10 3:1 (1) 15 (0) 0 (− 1) 7.26 7.52 24.05 2.70 0.00 5.00
11 1:3 (− 1) 15 (0) 0.30 (1) 4.45 3.96 19.94 3.72 2.53 2.23
12 3:1 (1) 15 (0) 0.30 (1) 4.94 3.90 19.97 3.93 2.67 2.48
13 1:1 (0) 15 (0) 0.15 (0) 4.45 4.31 22.66 3.78 2.45 2.48
14 1:1 (0) 15 (0) 0.15 (0) 5.24 4.00 21.45 3.78 2.70 2.20
15 1:1 (0) 15 (0) 0.15 (0) 4.00 4.48 21.67 3.93 2.60 2.25
C1 6.84 8.06 29.81 1.50 0.64 5
C2 6.45 7.66 28.80 1.62 0.52 5
C3 7.23 7.87 24.05 1.71 0.61 5

aC1 juice sample with an inulin/oligofructose proportion of 1:3 without preservation treatment, C2 juice sample with an inulin/oligofructose proportion
of 3:1 without preservation treatment, C3 untreated juice sample

Coded independent variables (Xi) are shown between brackets
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purchased from Britania, Buenos Aires, Argentina. Microbial
counts were expressed as log CFU per milliliter.

Ascorbic acid content (AAC) was determined using the
titrimetric assay described by Goyeneche et al. (2015).
Briefly, 20 mL of each strawberry juice sample were homog-
enized with 40 mL of 2% oxalic acid solution (Biopack,
Argentina). This mixture was vacuum filtered through glass
fiber. Five-milliliter aliquots of the filtrate were titrated with
2,6-dichloroindophenol (Anedra, Argentina). AACwas calcu-
lated as milligrams of reduced ascorbic acid/100 mL of juice.

Quantitative descriptive analysis was used to evaluate sen-
sory attributes of strawberry juice samples at days 0 and 14. A
panel comprising ten members, aged 25–50 years with senso-
ry evaluation experience was trained and carried out the eval-
uation of strawberry juices. Samples labeled with three-digit
code numbers were randomly provided. The attributes evalu-
ated were overall visual quality (OVQ), typical odor and off-
odor. The intensity of the attributes evaluated was quantified
on unstructured scale from 0 to 5. OVQ was scored from 0
(highly deteriorated aspect) to 5 (fresh aspect), typical odor
from 0 (not detected) to 5 (fresh) and off-odor from 0 (not
detected) to 5 (intense) (Cassani et al. 2016).

Simultaneous Optimization

A simultaneous optimization was carried out using the desir-
ability function (D). For this purpose, predicted values obtain-
ed from each model (Yn, Eq. 1) were transformed to a dimen-
sionless desirability scale dn. The desirability scale ranges
from 0 to 1, where d = 0 for an unacceptable response value
and d = 1 for a completely desirable one. The individual de-
sirability functions from the considered responses were then
combined to obtain the overall desirability D, defined as the
geometric average of the individual desirability. An algorithm
was then applied to this function in order to determine the set
of values that maximizes it (Bezerra et al. 2008).

Validation

In order to test the reliability of the simultaneous optimization,
a new set of experiments using optimal operating conditions
was performed. For these experiments, a juice sample was
prepared according to optimal processing conditions and a
control (strawberry juice sample without added fibers and
with no treatments) was used. Samples were stored at 5 ±
1 °C for 14 days. The quality parameters, previously de-
scribed, were assessed at 0 and 14 days of storage.

Evaluation of Quality Parameters and Safety
throughout Storage of the Optimized Treatment

Once the optimal combination of the preservation treatments
and enrichment of strawberry juice was found, a second study

was performed in which changes on several quality parame-
ters (microbiological, nutritional, antioxidant capacity indica-
tors, and sensory analysis) and safety (inoculated E. coli
O157/H7 and L. innocua) of juices were evaluated during
14 days of refrigerated storage. For this study, a new batch
of strawberry juice was used and samples were prepared ac-
cording to optimal conditions of processing and enrichment
(treated samples) and were compared with juice samples with-
out fiber addition and without treatments (untreated or control
samples). After that, strawberry juice samples were stored at 5
± 1 °C for 14 days. All assays were carried out by triplicate in
two independent experimental runs.

Microbiological Parameters

Native microflora of strawberry juice was assessed during
storage. MES and YM were determined as was described
above. In addition, the enumeration and differentiation of
Enterobacteriaceae and total coliforms (ETC) was performed
by using a Mac Conkey agar incubated at 35 °C for 24 h and
lactic acid bacteria (LAB) was performed by using a Man,
Rogosa, and Sharpe (MRS) medium incubated at 35 °C for
24 h. Culture mediums were purchased from Britania, Buenos
Aires, Argentina.

Nutritional Quality

Ascorbic acid content was determined using the titrimetric
assay described above.

Antioxidant Capacity Indicators

Total phenolic content (TPC), total flavonoids content (TFC),
and total antioxidant capacity (TAC) were determined on an
extract of antioxidants from juice samples. The extraction of
antioxidants was carried out homogenizing 2 mL of strawber-
ry juice from each sample with 10 mL solution of ethanol
(80% v/v) (Merk, Darmstadt, Germany). The homogenate
was then centrifuged at 8000 rpm for 15 min at 4 °C. The
supernatant was collected and filtered using Whatman filter
paper #1. The final ethanolic extract was stored at − 20 °C to
be used in the determination of antioxidant capacity
indicators.

TPC was determined spectrophotometrically using the
Folin-Ciocalteu reagent according to the method of Viacava
et al. (2015) using gallic acid as a standard. Results were
expressed as milligrams of gallic acid equivalents (GAE)/
100 mL of juice.

TFC was determined based on the method described by
Viacava and Roura (2015) and was expressed as milligrams
of quercetin equivalents (QE)/100 mL of juice (Sigma-
Aldrich, USA).
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TAC was studied by evaluation of the free radical scaveng-
ing effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
(Sigma-Aldrich, USA), according to the method described
by Viacava et al. (2015). The radical scavenging activity
was expressed as milligrams of Trolox (6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid) equivalents/100 mL
of juice.

Sensory Parameters

A quantitative descriptive analysis was used to evaluate sen-
sory attributes of strawberry juice samples, as was described
above. The evaluated attributes were color, odor, acid and
sweet taste, and overall visual quality (OVQ) of the beverages.
The intensity of the evaluated attributes was quantified on
unstructured scale from 0 to 5. OVQ was scored from 0 (high-
ly deteriorated aspect) to 5 (fresh aspect). Color was rated
from 0 (deteriorated color) to 5 (typical color), odor from 0
(intense off-odors) to 5 (fresh) and sweet and acid taste from 0
(not perceived) to 5 (intense).

Performance against E. coli O157/H7 and L. innocua
Contaminations

Another batch of juice was used and samples were inoculated
with E. coli O157/H7 and L. innocua, simulating a contami-
nation with pathogens and then prepared according to optimal
conditions of processing and enrichment (treated samples).
Another juice sample was inoculated with the corresponding
microorganism but not submitted neither to fiber addition nor
treatments (control). Then, samples were stored at 5 °C during
14 days. Periodically, the pathogenic microbial counts were
assessed.

Culture Preparation Listeria innocua, non-pathogenic species,
is usually used as a biological indicator for Listeria
monocytogenes because of its similar response to physical,
chemical, or thermal treatments. L. innocua (CIP 8011,
CCMA 29, Facultad de Farmacia y Bioquímica, Buenos
Aires, Argentina) and E. coli O157:H7 non-toxigenic (FP
605/03, Malbran Institute, Buenos Aires, Argentina) were
used. A stock culture was maintained in tryptic soy broth
(Britania, Argentina) at 4 °C. Before use, L. innocua and
E. coli O157:H7 were cultured in brain heart infusion (BHI)
broth (Britania, Argentina) for 24 h at 37 °C. Then, 0.1 mL
aliquots of the cultures were transferred to 9.9 mL of BHI
broth at two consecutive 24-h intervals followed by incuba-
tion at 37 °C before each experiment to obtain cells in station-
ary growth phase. Two bacterial suspensions (approximately
108 CFU/mL) were prepared by adding 10 mL of the E. coli
and L. innocua cultures to 90 mL of sterile peptonated water
(0.1% w/v) (Britania, Argentina).

Inoculation of Samples and Sampling Procedure Inoculation
was carried out by adding the bacterial suspension to fresh
strawberry juice to obtain the final desired concentration of
cells (105–106 CFU/mL approximately). Finally, all inoculat-
ed samples were stored at 5 ± 1 °C until analysis.

Briefly, 10 mL of juice were sampled. Serial dilutions
(1:10) of each sample were made in peptonated water (0.1%
w/v) (Britania, Argentina). E. coli counts were determined
using eosin methylene blue (EMB) agar (Britania,
Argentina) and the colonies were counted after incubation at
37 °C for 24–48 h. E. coli colonies that were dark centered,
flat with a metallic sheen were taken into account. Oxford
Agar (base) with Oxford Selective Supplement (BS003)
(Biokar Diagnostics, France) was used for differentiation, iso-
lation, and enumeration of Listeria. Olive-green colonies
surrounded by a black halo were counted after incubation at
37 °C for 24–48 h.

Performance of the Optimized Treatment
on the Stability of Sugars and Prebiotics

In a third study, another batch of juice was used and samples
were processed at optimal conditions of processing and en-
richment (treated samples). Another juice sample was
enriched with the optimal proportion of inulin/oligofructose
found in the response surface methodology (RSM) study
without any preservative treatments (enriched control
samples).

In a previous work (Cassani et al. 2018), the composition of
commercial inulin and oligofructose was determined by
HPLC analysis. From that results, it was concluded that inulin
is mainly composed by inulin (73.17%) and short-chain oli-
gosaccharides (fructo-oligosaccharides, FOS) of different de-
gree of polymerization (DP), as DP3 (6.41%), DP5 (5.95%),
and DP4 (5.34%). Sucrose (9.13%) was also detected in com-
mercial inulin. On the other hand, oligofructose is composed
of a mixture of FOS. DP5 (14.65%), DP4 (17.65%), and DP3
(28.65%), and sucrose (26.42%) were the main compounds
present in commercial oligofructose.

To determine sugars and prebiotic fibers of strawberry
juices, the analytical technique was based on HPLC with a
refractive index detector. The reagents and standards, HPLC
equipment (consisting of an HPLC Spectra SYSTEM
Isocratic Pump P100 with refractive index detector and a
Rheodyne injection valve with a 20-μL-sample loop
(Sigma-Aldrich, Missouri, USA)) and chromatographic pro-
cedure were kept consistent with our previous study (Cassani
et al. 2018). Two separate columns were used for clear and
accurate separation of the short-chain carbohydrates and pre-
biotics of interest. The elution profile of the standards used
and the detection and quantification limits have been previ-
ously detailed (Cassani et al. 2018).
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Statistical Analysis

Data for RSM study were analyzed using the STATISTICA
7.1 (Statsoft Inc. 2004, Tulsa, USA). The statistical analysis
was performed using the analysis of variance (ANOVA) in-
cluding the F ratio, which established the model global sig-
nificance and the adjusted determination coefficient R2. The
lack of fit test was performed for each model with a 95%
confidence level. In addition, experimental and predicted
values for each dependent variable were compared. The sig-
nificant factors affecting each dependent variable were select-
ed according to the Student t test establishing a 95% confi-
dence level (Kuehl 2000).

Data from quality and safety evaluation during storage of
enriched juices treated at optimal conditions and sugars and
prebiotics’ stability study were analyzed using R, software
version 2.12 (R Development Core Team 2011). Analysis of
variance ANOVAwas performed and Tukey-Kramer compar-
ison test was used to estimate significant differences between
treatments and through storage (p < 0.05).

Results and Discussion

Enrichment and Treatment Optimization

Table 1 depicts mean values obtained for samples enriched and
treated under conditions established by experimental design,
after 14 days of storage. Also, data obtained for control samples
(before treatments and after 14 days of storage) were included.

The coefficients of the second-order polynomial equations
(Eq. (1)) were calculated from the experimental data. ANOVA
showed that each model of each response variable was signif-
icant (p < 0.05) and adjusted well to experimental data (R2 >
0.76) with non-significant lack of fit (p > 0.05) (Table 2). The
estimated coefficients, with their standard errors, and t and
p values are also shown in Table 2.

The regression analysis shows that mesophilic bacteria and
yeasts and molds were significantly affected by geraniol con-
centration, as linear and quadratic terms associated to this inde-
pendent variable were significant for these models. This repre-
sents a positive effect improving microbiological quality.
Ascorbic acid, overall visual quality, and typical odor were
significantly affected by ultrasound time (quadratic effect) and
geraniol concentration (linear and quadratic effects). Off-odor
was significantly affected by geraniol concentration as linear
and quadratic terms associated to this independent variable
were significant for this model. Both preservation treatments
positively affected the sensory attributes studied up to a certain
extent. The proportion of inulin/oligofructose added to juices
was not significant (p > 0.05) in these models, since neither
linear and quadratic terms nor interactions with the preservation
treatments were significant in all response variables.

Figure 1 shows the results of the simultaneous optimization
where the optimal levels for independent variables were found
inulin/oligofructose proportion of 5:3, 0.225 μL/mL of gera-
niol and ultrasound time equal to 0 min, with a desirability
value of 0.77. Under these conditions, the predicted optimum
responses were 4.30 log CFU/mL for mesophilic bacteria,
3.75 log CFU/mL for yeasts and molds, 24.16 mg ascorbic
acid/100 mL of juice for ascorbic acid, 3.47 for overall visual
quality, 2.28 for typical odor, and 2.16 for off-odor. This result
indicates that, although the positive effects of ultrasound on
quality attributes of fruit juices have been widely demonstrat-
ed in several works, when combined, this non-thermal tech-
nique with geraniol, no ultrasound treatment was necessary to
maximize microbial, nutritional, and sensory quality of straw-
berry juices after 14 days of storage.

Results from validation experiment indicated that the mean
experimental values after 2 weeks of storage were 3.59 ±
0.35 CFU/mL for mesophilic bacteria, 3.87 ± 0.36 CFU/mL
for yeasts and molds, 34.29 ± 0.77 mg ascorbic acid/100 mL
of juice, 2.81 ± 0.31 for overall visual quality, 1.28 ± 0.20 for
typical odor, and 2.96 ± 0.32 for off-odor. From these results, it
is interesting to compare not only absolute value of response
variables (experimental vs. predicted values) but also, the be-
havior of the optimal sample in comparison to control because in
each new elaboration there may be differences associated to the
variability of the rawmaterial. In fact, these comparisonswere in
the typical range, and in almost all cases, were better than those
obtained from the predicted values, verifying that optimal con-
ditions improve response variables with respect to control.

Changes in Quality Parameters and Safety
throughout Storage of the Optimized Strawberry
Juice

Microbiological Quality

Figure 2a–d shows mesophilic bacteria (MES), Entero-
bacteriaceae and total coliform (ETC), lactic acid bacteria
(LAB), and yeasts and molds (YM) counts in strawberry juices
during storage. Treatment at optimal processing conditions and
enrichment was effective in reducing initialMES counts of straw-
berry juices since significant differences (0.3 log CFU/mL) in
comparison to untreated sample were observed (Fig. 2a).
Besides, during the whole storage, mesophilic bacteria growth
rate was significantly higher in untreated sample than in treated
one, indicating that the optimized treatment exerted a significant
inhibitory effect on this population. In fact, at the end of storage,
MES counts of treated strawberry juice resulted to four log cycles
lower than untreated. Regarding ETC counts, no significant dif-
ferences were observed after treatment application (Fig. 2b).
During storage, ETC counts decreased in treated sample up to
day 7, but then increased while ETC counts of untreated sample
were maintained constant during the whole storage. The
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optimized treatment was not effective in reducing initial LAB
counts since no differences with respect to control were observed
(Fig. 2c). However, LAB counts of treated sample decreased
(0.65 log CFU/mL) up to day 7 of storage and then increased
1 log CFU/mL after 2 weeks of storage. A significant increase
was observed in the untreated sample reaching 9 log CFU/mL at
the end of the storage. In the case of YM, no statistically signif-
icant changes in initial YM counts of treated sample were regis-
tered (Fig. 2d). During storage,YMcounts of treated samplewere
significantly lower than those found in the untreated ones. At the
end of the storage, noticeable reductions of 4 log CFU/mL in
treated samples with respect to control were observed.

According to the Spanish regulation for hygienic processing,
distribution, and commerce of prepared meals, the maximum
limit of allowed mesophilic total count at expiry is 107 CFU/g
(BOE 2001). Considering 107 CFU/mL as a maximum limit for
all the studied populations, microbiological shelf life of untreat-
ed sample was 7 days, while the optimized treatment was able to
extend its microbiological shelf life for at least seven more days.

Geraniol, as other terpenes, alters cell permeability by pen-
etrating between the fatty acyl chains making up the membrane

lipid bilayers, disrupting lipid packing, and changing mem-
brane fluidity (Dalleau et al. 2008). This leads to potassium loss
from within the microbial cells (Bard et al. 1988). The antifun-
gal activity can be ascribed to the combined membrane effects
such as increase bilayer disorder and ion leakage. These effects
disturbed the osmotic balance of the cell through loss of ions,
making its membrane-associated proteins inefficient due to in-
creased membrane disorder eventually leading to inhibition of
cell growth or death (Chen and Viljoen 2010). The effective-
ness of geraniol in reducing native microflora of strawberry
juices was studied in our previous researches (Cassani et al.
2016; Tomadoni et al. 2016). In those studies, significant re-
ductions were observed at higher concentrations of geraniol
(0.4, 0.6, and 1.2 μL/mL). In the present study, a lower con-
centration of the natural antimicrobial was also highly effective
in reducing native microflora of juices.

Nutritional Quality

Figure 3 shows the evolution of ascorbic acid content of juice
samples during storage. Immediately after treatment

Fig. 1 Profiles for predicted values and desirability function
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application, a significant increase in AAC (4.5%, p < 0.05) was
observed compared to control. Initial AAC was within the
range observed in Aaby et al. (2007) and Tiwari et al. (2008),
who reported 40.4 and 53.3 mg of AAC/100 g of fresh straw-
berries, respectively. Storage time had a significant effect in

AAC of treated sample, suffering a significant reduction (losses
of 12%) at day 3 of storage. Then, AACwas remained constant
up to day 10 of storage, and after that, a significant diminution
was registered. In contrast, no changes in AAC of control sam-
ple, up to day 10 of storage was observed, but from that time, a
significant decrease in this parameter was registered, reaching a
higher retention than treated sample at day 14 of storage. It is
well known that vitamin C is a thermo-labile compound, very
susceptible to chemical and enzymatic oxidation during pro-
cessing and storage. External factors as storage temperature,
light, and oxygen can accelerate ascorbic acid oxidative reac-
tions. Possibly, geraniol treatment altered the cell membranes of
the strawberry allowing the release of oxidative enzymes (i.e.,
ascorbic acid oxidase and peroxidase) and favoring contact with
ascorbic acid. Therefore, ascorbic acid oxidative reactions
could explain the decrease in AAC of the treated sample.

Antioxidant Capacity Indicators

Figure 4a–c displays total phenolic content, total antioxidant
capacity measured by DPPH assay, and total flavonoid con-
tent of strawberry juice samples during storage. After treat-
ment application, no effect on TPC of treated sample was
observed since no significant differences with respect to con-
trol were found (Fig. 4a). These values were in the same range
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with those reported by Aaby et al. (2007). Storage time had no
impact on TPC of treated and control samples since their
values did not statistically change along storage. However,
at day 14, TPC of treated sample was significantly lower than
that observed in the control one.

The major class of phenolic compounds in strawberry is rep-
resented by the flavonoids (anthocyanins as major components,
being pelargonidin-3-glucoside the main anthocyanin found in
strawberry, with cyanidin-3-glucoside and pelargonidin-3-
rutinoside present as minor components), followed by hydrolyz-
able tannins (ellagitannins and gallotannins) and phenolic acids
(hydroxybenzoic acids and hydroxycinnamic acids), with con-
densed tannins (proanthocyanidins) being the minor constituents
(da Silva Pinto et al. 2008, Giampieri et al. 2012). Thus, when the
Folin-Ciocalteu assay is used to determine the total phenolic
compounds of a strawberry extract, all of those compounds pre-
viously mentioned, are measured. In addition, it is worth noting
that other types of compounds that may be present in abundance
in strawberries (i.e., ascorbic acid) can reduce the Folin-Ciocalteu
reagent. Therefore, to explain the behavior of TPC during stor-
age, it important to identify which compound is mainly affecting
the measure. In this case, the significant decreased of TPC in

treated sample at the end of storage can be attributed to the
diminution of ascorbic acid, as it was shown in Fig. 3.

Figure 4b displays DPPH• radical scavenging activity of juice
samples. Immediately after treatment application, the antioxidant
capacity of treated sample was significantly higher (p < 0.05)
than control. Ruberto and Baratta (2000) found that geraniol
showed an appreciable antioxidant capacity due to the presence
of allylic alcohols. Choi et al. (2000) also demonstrated that
geraniol showed marked scavenging activities in DPPH assay
(235.9mg of Trolox equiv./mL). However, a significant decrease
in this parameter of treated samples at day 3 of storage was
observed; but from that day, the antioxidant capacity of treated
sample wasmaintained constant. In contrast, storage time did not
statistically affect the DPPH values of untreated samples.

The individual contribution of different phytochemical
compounds in fruit is an important factor in determining their
total antioxidant capacity (Giampieri et al. 2012). Tulipani
et al. (2008) investigated the individual contribution of phy-
tochemical compounds in different strawberry cultivars.
These authors found that vitamin C was one of the most im-
portant components, responsible for more than 30% of the
total antioxidant capacity of strawberry extracts, followed by
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anthocyanin contributing 25 to 40%, and the rest was com-
posed mainly of ellagic acid derivatives and flavonols. In the
present study, a clear relationship can be observed between
TAC measured by DPPH and ascorbic acid content (Fig. 3),
indicating that ascorbic acid would represent the major con-
tribution of TAC of strawberry juices treated at optimal con-
ditions. On the other hand, a relationship was also detected
between TAC and TPC (Fig. 4a), demonstrating that total
phenolic compounds had a contribution of TAC.

Another possible explanation of reductions on DPPH
values of treated samples during storage could be the transfor-
mation of geraniol into α-terpineol, which occurs in acid me-
dium, showing a lower antioxidant capacity than others oxy-
genated monoterpenes (Choi et al. 2000).

Figure 4c displays TFC of strawberry juices during storage.
The application of the optimized treatment was not detrimen-
tal for this parameter, since initial TFC of treated sample was
similar to that registered in control. Up to day 10 of storage, no
relevant changes in TFC of both treated and untreated samples
were found. However, at the end of the evaluation period, a
significant decrease in treated sample was registered. The de-
crease in this parameter could be attributed to the anthocyanin
degradation. In general, several factors are believed to affect
the stability of anthocyanin in fruits and their products during
preparation, processing, and storage, which include pH, tem-
perature, light, oxygen, metal ions, enzymes, and sugars
(Patras et al. 2010). Thus, the degradation of anthocyanin in
treated sample at day 14 of storage, could be related to the
degradation of sugars and ascorbic acid (Fig. 3), which leads
to the condensation of anthocyanin with the formation of
brownish polymers (Patras et al. 2010). The reactivity of sugar
degradation products with anthocyanin is higher due to the pH
effect on stability of the flavylium form. Sugars such as fruc-
tose, which are relatively unstable, give a higher degradation
rate with pelargonidin-3-glucoside than more stable disaccha-
rides, such as maltose and sorbitol (Krifi and Metche 2000).

Sensory Quality

Figure 5 displays changes in sensory parameters (color, OVQ,
odor, and acid and sweet taste) in treated and untreated samples at
days 0, 7, and 14 of storage. The application of geraniol treatment
significantly affected initial odor and sweet taste scores of fiber-
enriched strawberry juices. Despite having oligofructose (a nat-
ural sweetener) in its composition, the low concentration of ge-
raniol masked the sweet taste of juice samples. Panelists per-
ceived an intense citric odor in those samples treated with the
natural antimicrobial, which did not decrease along storage.

Immediately after treatment, overall visual quality scores of
both treated and untreated samples were similar. During stor-
age, OVQ scores of untreated samples significantly decreased,
reaching the lowest values at the end of the experimental period.
This decrease is attributed to the visible signs of fermentation

and microbial growth. On the other hand, a diminution in OVQ
scores of treated samples was registered, but at a lower rate than
the untreated ones, being above the acceptability limit (2.5) at
day 14 of storage. In this case, no visible signs of fermentation
ormicrobial growthwere observed, which is consistent with the
lower counts of yeasts and molds in these samples. However, a
visible loss of viscosity in treated samples could be attributed to
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the action of geraniol on pectins, possibly activating the action
of pectin methylesterase and polygalacturonase enzymes, caus-
ing changes in the viscosity of juices. With respect to color, its
decrease in treated and untreated samples during storage could
be associated with the formation of dark color compounds in
the juices due to the non-enzymatic browning reactions.

The optimized treatment significantly affected the initial
odor scores of strawberry juices, since a noticeable diminution
with respect to control was observed. This result was expect-
ed, as geraniol has characteristic rose-like odor and taste (at
10 ppm) which is described as sweet floral rose-like, citrus
with fruity, waxy nuances (Chen and Viljoen 2010). During
storage, odor scores decreased in treated sample at a lower rate
than control. The marked decline in the untreated samples is
attributed to the fermentation and microbial growth.

Regarding taste attributes, the optimized treatment signifi-
cantly decreased sweet taste and increased acid taste of juices
in comparison to control. Throughout storage, sweet taste
scores gradually diminished in treated samples while acid
taste wasmaintained constant. Taste attributes at 7 and 14 days
of storage, in untreated samples, were not evaluated due to
their high microbial load.

Performance of the Optimized Treatment against Pathogens
Inoculated

Table 3 depicts the survival of E. coliO157H7 and L. innocua
in inoculated strawberry juice samples during storage.
Presence of endogenous L. innocua and E. coli in non-
inoculated juices was studied during the whole storage and
no colony of either pathogen was detected. Treatment at opti-
mal conditions of processing and enrichment did not affect
initial counts of the inoculated pathogens since no statistically
significant differences with respect to control were registered.

E. coli and L. innocua counts of untreated samples decreased
along storage probably due to low storage temperature (5 °C),
low pH (3.25), and competitive native microflora that, when
combined, affected E. coli and L. innocua growth.

It is worth noting that reductions on these pathogens counts
in treated samples were even greater than in control, reaching
non-detectable levels (< 2 log CFU/mL) from day 7 to the end
of the evaluation period. Thus, geraniol treatment was effec-
tive in controlling the growth of inoculated pathogens in
strawberry juices.

Few researches have studied the impact of geraniol on
pathogens inoculated in fruit juices. Raybaudi-Massilia et al.
(2006) observed that the application of geraniol (at higher
concentration 2 μL/mL) was effective in inhibiting the growth
of Salmonella enteritidis, E. coli, and L. innocua in inoculated
pear and apple juices. Tomadoni et al. (2016) found that high
concentrations of geraniol (0.6 and 1.2 μL/mL) were suffi-
cient to immediately reduce E. coli counts (ca. 3 log CFU/
mL) with respect to control. In the present study, the concen-
tration of geraniol was lower (0.225 μL/mL), thus it could not
immediately inhibit E. coli or L. innocua growth, but probably
exerted a deleterious effect on these microorganisms, leaving
these populations more susceptible to other barriers such as
low temperatures or low pH.

The efficiency of geraniol to inhibit E. coli O157:H7
growth can be attributed to permeability alteration of the outer
membrane and alteration of cell membrane function and
leakage of intracellular materials of pathogenic bacteria. In
fact, Zengin and Baysal (2014) evaluated the antibacterial
activity of essential oil terpenes against pathogenic bacteria
by scanning electron microscope and found that treatment
with terpenes caused pores on the outer membrane of E. coli
O157:H7 cells, which enabled the cell constituents to pass
easily through these and also caused collapsing of the cells.

Table 3 Effect of the optimized treatment on E. coli O157:H7 and L. innocua survival (log CFU/mL) of strawberry juices during 2 weeks of
refrigerated storage

Microorganism Sample Time of storage (day)

0 3 7 10 14

E. coli O157:H7

Treated 5.24 ± 0.03aA 3.78 ± 0.13bB ND ND ND

Untreated 5.20 ± 0.07aA 5.04 ± 0.01aAB 4.85 ± 0.01aB 4.36 ± 0.06aC 4.12 ± 0.04aC

L. innocua

Treated 4.87 ± 0.07aA 3.02 ± 0.16bB ND ND ND

Untreated 4.94 ± 0.07aA 3.88 ± 0.10aB 2.60 ± 0.16aC 2.58 ± 0.11aC 2.50 ± 0.00aC

ND non-detectable level (< 2 log CFU/mL)

Data are shown as means values ± standard error. Values with different lowercase letter in the same column indicate significant differences (p < 0.05)
between treatments and values with different capital letters in the same row indicate significant differences (p < 0.05) trough storage. Treated =
strawberry juice sample treated according to optimal conditions of processing and enrichment found in RSM study. Untreated = strawberry juice without
fiber nor treatments
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Performance of the Optimized Treatment on Stability
of Sugars and Prebiotics

The main carbohydrates present in strawberry juices are glu-
cose, fructose, and sucrose (Table 4). Initial fructose and glu-
cose content of treated sample were in the range of those
observed in control. In turn, initial sucrose concentration
was almost twofold higher in treated sample than in the un-
treated ones. The higher concentration of sucrose observed in
treated sample can be ascribed to the higher concentration of
sucrose in oligofructose and inulin (Cassani et al. 2018).
During storage, the concentration of sucrose significantly de-
creased in both treated and untreated samples. However, in
untreated sample, the diminution was more pronounced
(88% in comparison to day 0) and the sucrose concentration
decreased up to 4 mg/g dry matter. Along storage, the content
of fructose and glucose were significantly higher in control
samples than in the treated one, indicating that untreated juices
suffered a marked hydrolysis of sucrose to form the monosac-
charides. At the end of storage, a sharp decreased in fructose
and glucose content of the control samples was observed but
sucrose content remained constant. This can be interpreted
that glucose and fructose were consumed in the yeasts and
molds growth, taking into account that at that moment, the
yeasts and molds counts were high (9 log CFU/mL) and high
amounts of simple sugars were consumed to produce metab-
olites, such as ethanol, lactic, or acetic acids, as reported in
Ragaert et al. (2006).

Table 5 displays the effect of the optimized treatment on the
stability of oligofructose and inulin of juice samples during
storage. A juice sample enriched with oligofructose and inulin
without preservative treatment (enriched control) was
employed in order to evaluate the impact of the preservative

treatment on the stability of added prebiotics. The optimized
treatment did not affect the initial prebiotic compounds’ con-
centration of strawberry juices since no significant differences
were observed in comparison to enriched control. During stor-
age, the concentration of DP5 and inulin was significantly
decreased in the enriched control, probably due to the con-
sumption of carbohydrates during the growth of the main
spoilage microflora (BAL and YM). On the contrary, the con-
centration of FOS and inulin of treated sample did not show
significant changes up to 14 days of storage.

The chemical hydrolysis of FOS and inulin can easily oc-
cur at low pH matrices, such us fruit juices (pH < 5).
Therefore, to be classified as functional food ingredients, these
fibers must be chemically stable to food processing treat-
ments, such as heat, low pH, and Maillard reaction conditions
(Cassani et al. 2018). In this work, monitoring changes in
prebiotics concentration during storage was an adequate strat-
egy to determine if any partial hydrolysis occurred. It is worth
mentioning that FOS and inulin added to those juices treated
at optimal conditions were not degraded either during the
storage or at the low pH of strawberry. Thus, these results
demonstrated that the application of geraniol treatment en-
sured the stability of inulin and oligofructose during storage.
These findings are consistent with Cassani et al. (2018) who
reported no significant hydrolysis during storage of strawberry
juices enriched with oligofructose and inulin and treated with
vanillin and ultrasound.

In the literature, little information is available about changes
in sugars composition or prebiotics stability of fruit juices due
to preservation treatments and storage. In general, when a pres-
ervation technique is applied to a fruit juice, only microbiolog-
ical, nutritional, and sensory parameters are evaluated. Here, in
this study, we also investigated how the optimized treatment

Table 4 Effect of the optimized treatment on the carbohydrates composition (mg/g dry matter) of strawberry juices during 2 weeks of storage at 5 °C

Carbohydrate Sample Time of storage (day)

0 3 7 10 14

Sucrose

Treated 60.03 ± 3.62aA 19.60 ± 2.54aB 16.58 ± 2.60aB 21.34 ± 1.79aB 17.87 ± 2.66aB

Untreated 35.31 ± 0.36bA 4.29 ± 0.00bB 4.09 ± 0.01bB 4.27 ± 0.20bB 4.08 ± 0.07bB

Glucose

Treated 188.37 ± 4.26aAB 200.18 ± 0.51bA 194.10 ± 3.82bA 152.17 ± 0.54bC 170.84 ± 4.44aB

Untreated 184.99 ± 1.61aB 235.62 ± 0.86aA 250.27 ± 5.10aA 248.44 ± 1.05aA 55.09 ± .34bC

Fructose

Treated 200.36 ± 0.12aB 220.50 ± 1.97bA 214.68 ± 0.33bA 168.25 ± 0.21bD 191.82 ± 2.36aC

Untreated 192.43 ± 1.16bC 253.20 ± 1.70aAB 251.53 ± 0.02aB 263.15 ± 0.02aA 66.99 ± 2.45bD

Data are shown as means values ± standard error. Values with different lowercase letters in the same column indicate significant differences (p < 0.05)
between treatments and values with different capital letters in the same row indicate significant differences (p < 0.05) trough storage. Treated =
strawberry juice sample treated according to optimal conditions of processing and enrichment found in RSM study. Untreated = strawberry juice without
fiber nor treatments
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together with storage time affected the sugars composition and
prebiotics stability of strawberry juice. This studied provided
valuable information, which can be related to the observed
changes in taste attributes of treated strawberry juice. On the
other hand, it is of paramount importance to investigate the
stability of prebiotics added to fruit juice during storage to
ensure their functional properties over the storage.

Conclusion

Combining preservation treatment (geraniol) with prebiotics
(inulin and oligofructose) using a response surface methodol-
ogy showed to be an efficient strategy to control the native
microflora, as well as, to inhibit inoculated pathogens in
strawberry juice during 2 weeks of refrigerated storage, ex-
tending its shelf life from a microbiological point of view.
Furthermore, the optimized treatment did not induce any neg-
ative effect either on antioxidant capacity indicators or ascor-
bic acid content along storage, improving their nutritional
quality. In addition, the optimized treatment proved to ensure
the stability of those added prebiotics to juices, ensuring their
functional properties over the storage. The optimized treat-
ment induced some changes in sensory parameters, mainly
in odor and taste attributes, which were maintained almost
constant throughout storage. In conclusion, on the one hand,
enriching strawberry juices with prebiotics offers a broad
range to increase the nutritional properties of foods to achieve

a new range of functional and innovative food products, and
on the other hand, preserving with natural antimicrobials of-
fers a new alternative to conventional preservative treatment
currently used in fruit juice industry.
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