
Original article

Optimisation of the peracetic acid washing disinfection of

fresh-cut strawberries based on microbial load reduction and

bioactive compounds retention

Franco Van de Velde,1,2 Daniel R. G€uemes1 & Mar�ıa E. Pirovani1*

1 Facultad de Ingenier�ıa Qu�ımica, Instituto de Tecnolog�ıa de Alimentos, Universidad Nacional del Litoral, Santiago del Estero 2829, Santa Fe

3000, Argentina

2 Consejo Nacional de Investigaciones Cient�ıficas y T�ecnicas (CONICET), Santiago del Estero 2829. 3000 Santa Fe, Argentina

(Received 23 May 2013; Accepted in revised form 14 August 2013)

Summary Total microbial count reduction (TMR), total anthocyanins (TAR), and ascorbic acid retention (AAR)

after the operation at different PAA concentrations (0–100 mg L�1), contact times (10–120 s), and tem-

peratures (4–40°C) were used for multiple optimisation using Derringer′s desirability function. Two opti-

mization scenarios (OP 1 and OP 2) were studied. OP 1 was proposed with the goal to maximize TMR

with 90% TAR and AAR; and OP 2 maximizing TAR and AAR with TMR of 2 log UFC g�1. The opti-

mized variable levels obtained were the following: 100 mg L�1 PAA, 24 °C and 50 s for OP 1 and

20 mg L�1 PAA, 18 °C and 52 s for OP 2. Additional validation experiments showed agreement between

predicted and experimental results. OP 2 conditions are recommended to fresh-cut strawberries washing

disinfection because of an acceptable TMR, higher TAR and AAR, better sensory attributes, and the

economic convenience of lesser PAA consumption.

Keywords Derringer’s optimization, fresh-cut fruits, peracetic acid.

Introduction

Strawberries (Fragaria 9 Ananassa Duch.) are one of
the most consumed berries in Argentina (Williner
et al., 2003). They are a relevant source of bioactive
compounds due to their high levels of vitamin C and
phenolic compounds. Total vitamin C (ascorbic acid
plus dehydroascorbic acid) is found at concentrations
between 40 and 60 mg 100 g�1 fresh weight (FW) in
strawberries (Davey et al., 2000; Van de Velde et al.,
2013a). The main phenolic compounds are anthocya-
nins, which are responsible for the appealing and
bright red colour of the strawberries, with concentra-
tions up to 65 mg 100 g�1 FW. Bioactive compounds
present antioxidant activity and therefore a consequent
beneficial effect on the maintenance of the consumer
health and in the prevention of neuronal and cardio-
vascular illnesses, cancer, and diabetes (Cordenunsi
et al., 2005; da Silva Pinto et al., 2008; Giampieri
et al., 2012).

The minimal processing to obtain fresh-cut straw-
berries involves selection, prewash, calyx and peduncle
elimination, cutting, washing disinfection, and packag-
ing. The washing disinfection is an essential operation

to eliminate foreign matter, micro-organisms on the
surface of the vegetable product and in the wash
water, and cellular fluids produced by cutting (Piro-
vani et al., 2004).
Peracetic acid (PAA), commercially available as a

quaternary equilibrium of acetic acid, hydrogen
peroxide, PAA and water, is a disinfectant with good
antimicrobial properties that can be suitable in the
fresh-cut industry in replace of the traditionally used
sodium hypochlorite (Vandekinderen et al., 2009). The
United States Code of Federal Regulations (CFR) rec-
ommends the use of peracetic acid in the washing
water of fruits and vegetables up to 80 mg L�1 con-
centration (Code of Federal Regulations [CFR], 2007).
Peracetic acid is active at low temperatures

(0–25 °C), in a pH range of 3–7.5, and it does not
produce mutagenic by-products, as it happens with
chlorine and its derivates (Kitis, 2004; €Olmez &
Kretzschmar, 2009). The decomposition products of
PAA are only oxygen and acetic acid (Silveira et al.,
2008). Moreover, PAA is not susceptible to peroxidas-
es and it retains in a better way its activity in the pres-
ence of organic loads or food residue when compared
with chlorine (Malchesky, 1993). However, a disadvan-
tage of using PAA in the fresh-cut industry is the
higher cost in comparison with chlorine (Gorny, 2001).*Correspondent: E-mail: mpirovan@fiq.unl.edu.ar
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Peracetic acid’s mechanism of action against
micro-organisms is based in the denaturation of pro-
teins and enzymes and increased cell wall permeabil-
ity by oxidizing sulfhydril and disulfide bonds (Kitis,
2004). Moreover, PAA-based sanitizers contain a
considerable amount of hydrogen peroxide that also
possesses antimicrobial properties (Wagner et al.,
2002). However, when PAA is used a disinfection
agent, its disinfection power predominates over the
antimicrobial effect of the accompanying hydrogen
peroxide (Small et al., 2007). The effectiveness of
PAA in reducing the initial microbiological load was
demonstrated for several fresh-cut fruits and vegeta-
bles (Silveira et al., 2008; Art�es et al., 2009; Vande-
kinderen et al., 2009).

At the same time, the washing-disinfection operation
can reduce nutrients and bioactive compounds of
fresh-cut vegetables. To this respect, Vandekinderen
et al. (2008) reported vitamin E losses about 37.5%
and 75.1% after washing-grated carrots with PAA
solutions at 80 and 250 mg L�1, respectively, for
5 min. However, no changes in carotenes and phenolic
contents were reported in these conditions.

In a previous work carried out in our laboratory,
the changes in bioactive compounds (total anthocya-
nins and ascorbic acid) of fresh-cut strawberries
(Selva and Camarosa varieties) as a consequence of
washing disinfection with PAA solutions at different
concentrations (0–100 mg L�1), contact times
(10–120 s), and temperatures (4–40 °C) were modeled
using second-order polynomial equations (Van de
Velde et al., 2013b). According to our results, antho-
cyanins and ascorbic acid contents were principally
affected by PAA concentration and processing time,
and for these responses, no differences between
strawberry cultivars were observed. The obtained
models showed to be a useful predictive tool for
processors to evaluate how to improve the bioactive
compounds retention under different conditions of
PAA, temperature, and contact time in the washing
disinfection of fresh-cut strawberries. For instance,
working at 80 mg L�1 PAA (the limit concentration
established by CFR), the predicted total anthocya-
nins and ascorbic acid retention (AAR) are 70% and
64%, respectively, at the maximum time (120 s) and
22 °C (Van de Velde et al., 2013b).

The objectives of the present study were the follow-
ing: (i) to model the microbial load reduction in fresh-
cut strawberries under different PAA concentrations,
times, and temperatures, (ii) to optimize the washing-
disinfection operation based on bioactive compounds
retention and microbial load reduction, (iii) to vali-
date, with additional confirmatory experiments, the
optimization results, and (iv) to evaluate the character-
istic sensorial properties of fresh-cut strawberries
washed in the optimized operative conditions.

Materials and methods

Plant material

Cultivated strawberries (Fragaria 9 ananassa Duch.)
of Camarosa variety were obtained from one planting
at Arroyo Leyes (31°27′0″S, 60°40′0″W), Santa Fe,
(Argentina) during December 2010 and November
2011. Fruits were harvested by skilled workers at full
ripe stage (90% of the surface showing red colour).
They were transported 20 km directly from the field to
the laboratory in Santa Fe. Physicochemical character-
istics of strawberries were: 8.5 � 0.1 °Brix (soluble sol-
ids), pH 3.4 � 0.1, and total acidity: 0.8 � 0.1 mg
anhydrous citric acid 100 g�1 FW.

Minimal processing

Processing methodology was the same as that presented
in Van de Velde et al. (2013b). Strawberries were sorted,
eliminating those fruits with signs of damage. Calyxes
and peduncles were removed, and then, fruits were pre-
washed with tap water (20 °C, 2 min) and drained on
absorbent paper. They were cut longitudinally into
quarts, and 200 g of fresh-cut strawberries were sub-
jected to washing disinfection according to experimental
design with respect to initial PAA concentration, time,
and temperature on each experimental run. The washing
solution volume to fruit weight ratio was 3 L per kg.
Finally, washed fresh-cut strawberries were drained in a
basket and subsamples (approximately 10 g) of each
run were transferred into sterile bags for microbiological
analysis. Samples (10 g) of fresh-cut strawberries
previous to washing disinfection were separated for
microbiological analysis.

Peracetic acid solutions

A commercial sanitizer based on peracetic acid called
Oxilac Plus (Indaquim S.A. Santa Fe, Argentina) was
used in the washing-disinfection operation. Oxilac Plus
is a stabilized mixture of peracetic acid (minimum 5%),
hydrogen peroxide (minimum 20%), and water. Tap
water was employed to prepare different PAA concen-
trations by appropriate dilutions of Oxilac Plus accord-
ing to the experimental design. The concentration of
PAA was verified by iodometric titration according to
APHA-AWWA-WEF (1989). The pH values of the
PAA solutions used were the following: 4.35
(20 mg L�1); 4.15 (50 mg L�1); and 3.80 (100 mg L�1).

Experimental design

Response surface methodology using a Box–Behnken
design (three factors at three levels in fifteen runs with
two replicates in the central point) was used to study
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the operation of washing disinfection. It was assumed
that there was a mathematical function for each
response according to three independent factors related
to processing:

Y ¼ f ðC;T; tÞ
where C = PAA initial concentration (mg L�1),
T = temperature of the washing-disinfection solution
(°C) and t = time of treatment (s) and the three levels
were as follows: C = 0, 50, and 100 mg L�1, T = 4, 22
and 40 °C and t = 10, 65, and 120 s. The variables
and levels were selected from previous research works
as it was explained in Van de Velde et al. (2013b).

The studied response (Y) was the total microbial
count reduction (TMR), and it was expressed as �log10
Nt/N0, where Nt represents the viable bacteria count
after washing disinfection of fresh-cut strawberries and
N0 is the viable bacteria count of fresh-cut fruits before
washing disinfection.

A second-order polynomial equation was proposed
for TMR:

TMR ¼ b0 þ bC � Cþ bT � Tþ bt � tþ bCC � C2

þ bTT � T2 þ btt � t2 þ bCT � C� T

þ bTt � T� tþ btc � t� C

where: bk are the coefficients of the model in non
coded variables.

Microbiological analysis
Sample (10 g) was mixed with 90 mL 0.1 g 100 mL�1

peptone water and homogenized with a stomacher for
2 min. Further decimal dilutions, as required, were
prepared with the same diluents. One mL was spread
on a 3MTM PetrifilmTM aerobic plate count and incu-
bated during 48 h at 30 °C. The followed procedure
was that developed and outlined by 3M (St. Paul,
MN, USA) and was performed in duplicate. Results
were expressed as colony-forming units per gram
(CFU g�1).

Optimization procedure of the washing-disinfection
operation

Derringer′s desirability function was used for multiple
response optimization of fresh-cut strawberries washing
disinfection, according to Derringer & Suich (1980).
The involved responses (Yk) were the following: AAR,
total anthocyanins retention (TAR), and TMR. AAR
and TAR models of fresh-cut strawberries after wash-
ing disinfection were previously discussed and published
by authors (Van de Velde et al., 2013b). The method
involves transformation of each predicted response, Ŷk

(AAR, TAR, and TMR), to a dimensionless partial
desirability function, di. The di-values for each response
(dAAR, dTAR, and dTMR) are obtained by specifying the

goals, that is, minimize, maximize or target the response,
and boundaries required for each one. Partial desirability
functions are combined into a single composite response,
the global desirability function D, defined as the geometric
mean of the different di-values:

D ¼ d
p1
AAR � d

p2
TAR � d

p3
TMR

h i1=3

where p1, p2, and p3 are the assumed relative impor-
tance of responses. They can range from 1 (least
important) to 5 (most important). (Prakash Maran
and Manikandan, 2012).
A weight factor, which defines the shape of the

desirability function for each response, is then
assigned. Weights must be between 0.1 and 10, with
larger weights corresponding to more important
responses. A weight factor of 1 was chosen for all indi-
vidual desirabilities in this work. A value of D differ-
ent from zero implies that all responses are in a
desirable range simultaneously and, consequently, for
a value of D close to 1, the combination of the criteria
is globally optimum (Sivakumar et al., 2007; Prakash
Maran & Manikandan, 2012).

Confirmatory experiments at conditions obtained in
optimization procedure

Methodology
Experiments were carried out to validate the models at
PAA concentration, time, and temperature given by
the optimization procedure. Samples of fresh-cut
strawberries were prepared in the same way as it was
previously described (Minimal processing). The AAR,
TAR, and TMR experimental data were compared to
values of these responses predicted by the models.
Additionally, a sensory analysis of these samples was
carried out by trained panel, and a preliminary study
to evaluate the microbial load and bioactive com-
pounds evolutions of fresh-cut strawberries washed
both at OP1 and OP2 conditions when storing at 2 °C
was achieved.

Microbiological analysis
The microbial count was determined as it was
described under Materials and methods.

Total anthocyanins analysis
The total anthocyanins content was determined by the
pH differential method according to Heo & Lee
(2005). Results were converted to mg pelargonidin-
3-glucoside 100 g�1 FW.

Ascorbic acid analysis
The ascorbic acid content was determined by HPLC
according to Van de Velde et al. (2012) Results were
expressed as mg ascorbic acid 100 g�1 FW.
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Sensory analysis
The evaluation of the characteristic sensorial properties
of fresh-cut strawberries washed at optimized conditions
was performed by a descriptive quantitative test. An
additional fresh-cut strawberry sample (control), only
washed with water for 2 min, was also evaluated. A
trained sensory panel of eight judges (three men and five
women), which had previously participated in evaluat-
ing fresh fruits and vegetables, was used. During the
specific training (5 9 30 min sessions), the panelists dis-
cussed and agreed on sensory attributes (general appear-
ance, genuine odor, genuine aroma, genuine flavor,
firmness, sour taste, and sweet taste), defects (off-flavor,
off-odor, and browning), and anchored terms. The
anchored terms were indicated from left to right as: very
poor and excellent for general appearance; slight and
strong for genuine odor, aroma and flavor; weak and
strong for sour and sweet taste; very soft and very firm
for firmness; and slight and severe for off-flavor, off-
odor, and browning. The judges indicated their percep-
tion of each quality attribute intensity on a 10 cm
unstructured line, with anchored terms located 1 cm
from each end. They scored the perceived intensity of
each attribute by placing a vertical line across the
unstructured scale line. Quantification was accom-
plished by measuring the distance from the left end
(0.00) to the vertical line. Each panelist performed the
sensory test individually in separate booths with white
incandescent lightning (sufficient to provide 700 lx.).
Samples were coded with three-digit random numbers.

Statistical analysis

All data were analyzed using STATGRAPHICS Cen-
turion XV 15.2.06 (Statpoint Technologies, Inc., War-
renton, Virginia, USA). First, tests to verify that the
residuals satisfied the assumptions of normality, inde-
pendence, and randomness were done for TMR. Then,
TMR experimental data were subjected to ANOVA anal-
ysis, and second-order polynomial equation was fitted.
For verification of the model adequacy, the lack of fit,
the coefficient of determination (R2), and the absolute
average deviation (AAD), between predicted and
observed data, were calculated. R2 should be as close
as possible to 1.0, and AAD value should be as small
as possible (Bas� & Boyaci, 2007). The significance of
each term of the TMR model was evaluated referred
to the pure error. The elimination of nonsignificant
terms of the model was done by means of the linear
stepwise regression procedure.

The numerical optimization procedure was per-
formed through Derringer′s desirability function.

Additionally, experimental data responses (AAR,
TAR, and TMR) obtained in each confirmatory exper-
iment were compared to values predicted from the
developed models by a t-test analysis.

Moreover, sensory data, obtained in the confirma-
tory experiments, were analyzed by a one-way ANOVA.
Significant differences were determined by LSD test.

Results and discussion

Effects of washing disinfection on the microbial reduction

The initial total microbial count of fresh-cut Camarosa
strawberries before washing disinfection varied from
3.7 to 3.9 log CFU g�1. The TMR experimental
results at design conditions of PAA concentration
(0–100 mg L�1), time (0–120 s) and temperature
(4–40 °C) of fresh-cut Camarosa strawberries and ANOVA

analysis for TMR model are presented in Tables S1
and S2, respectively. The obtained model for TMR
described the experimental data adequately. The lack
of fit was not significant (P > 0.05), and the coeffi-
cients of determination (R2) and the AAD were
acceptable (Table S2). The coefficients of the reduced
model by eliminating nonsignificant terms are shown
in Table S3. The recalculated R2 and AAD for the
model were acceptable.
Total microbial count reduction model was affected

by initial PAA concentration and washing temperature
through the lineal terms, and by time through its qua-
dratic term (P ≤ 0.05). Figure S1 shows that higher
TMR was obtained as PAA concentration and time
increased at 22 °C. The predicted highest TMR using
the reduced model was 2.6 log UFC g�1 at maximum
washing-disinfection conditions: 100 mg L�1 PAA,
40 °C and 120 s.
According to other researchers, the effectiveness of

PAA treatment was dependent on the type of the vege-
table product. Kim et al. (2006) studied the effective-
ness of 40 and 80 mg L�1 PAA solutions for 1 and
5 min in killing Enterobacter sakazakii inoculated onto
the surface of apples, tomatoes, and lettuce. Authors
reported that these treatments caused ≥4.00 log CFU/
apple reduction in E. sakazakii, regardless of treatment
time. The treatment of tomatoes with 40 mg L�1 PAA
solution for 1 min decreased the number of E. sak-
azakii to <1.70 log UFC/tomato and in the case of
lettuce, the reduction in that condition was 2.45 log
UFC/lettuce.
Meanwhile, Vandekinderen et al. (2009) modeled

the washing disinfection with PAA in four types of
fresh-cut vegetables (grated carrots, white cabbage, ice-
berg lettuce, and leek), varying the PAA concentration
(0, 25, 80, 150, and 250 mg L�1) and contact times
(1, 5, and 10 min). The predicted microbial reductions
were the following: 0.5–3.5 log CFU g�1 for carrots
and white cabbage, 0.4–2.4 log CFU g�1 for iceberg
lettuce, and 0.4–1.4 log CFU g�1 for leek. Authors
reported that the models describing the microbial
reductions in carrots and white cabbage as a function
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of contact time and PAA concentration showed a simi-
lar evolution: at PAA concentrations <75 mg L�1, the
increase in the treatment time (>4 min) had a slight
effect on the microbial reduction. At higher PAA con-
centrations (>100 mg L�1), the increase in contact time
had a pronounced effect on the obtained microbial
reduction. Probably, PAA instantly reacts with organic
materials released from the vegetable tissues after
minimal processing at the beginning of the washing
treatment. Because of the reduction on the available
disinfectant concentration at low PAA concentration,
the treatment time may have smaller effect on the
microbial inactivation (Vandekinderen et al., 2009).
Our predictions were in agreement with these latter
results. Predicted TMR at 75 mg L�1 PAA concentra-
tion and 22 °C varied between 1.4 and 2.1 log
UFC g�1 when the washing time ranged between 10
and 65 s. Meanwhile, these predicted reductions varied
between 2.1 and 2.2 log UFC g�1 when the washing
time ranged between 65 and 120 s. Therefore, the
influence of the washing time on the microbial reduc-
tion would be less pronounced after 65 s at 75 mg L�1

PAA concentration, which is in agreement with the
studies of Vandekinderen et al. (2009).

However, other issues should be probably taken into
account as Sapers (2001) has pointed out. His investi-
gation stated that other factors could limit the efficacy
of conventional washing and sanitizing treatments in
fresh-cut fruits and vegetables such as bacterial
adherence to produce surfaces, bacterial attachment
in inaccessible sites, formation of resistant biofilms,
and internalization of micro-organisms within
commodities.

Washing-disinfection optimization

A multiple response optimization of the fresh-cut
strawberries washing-disinfection operation with PAA
was conducted using the Derringer′s desirability func-
tion. For the optimization procedure, the chosen
responses were TMR, TAR, and AAR. The selection
was made on the basis that anthocyanins are the main
phenolic compounds in strawberries and they are
related to the appealing red colour of the berries.
Moreover, ascorbic acid was selected because it is a
powerful natural antioxidant, with nutritional rele-
vance, found at high levels in strawberries (Tarola
et al. 2013).

The coefficients of the developed models for TAR
and AAR and their associated parameters of goodness
of fit are summarized in Table S3.

The development of two optimization scenarios (OP
1 and OP 2) allowed finding conditions of the vari-
ables which satisfied the different assumptions. The cri-
teria for the optimization of responses at OP 1 and
OP 2 are shown in Table S4. OP 1 criteria have been

proposed for selecting the conditions when the micro-
bial reduction was maximized, whereas the bioactive
compounds retention was fixed at 90%. OP 2 criteria
were applied for selecting conditions where bioactive
compounds retention was maximized with an accept-
able microbiological reduction target (2 log UFC g�1).
The global desirability function value in OP 1 was

equal to 0.72, and the obtained operative conditions
were the following: 100 mg L�1 PAA concentration,
50 s washing time, and 24 °C washing temperature. In
the same way, the global desirability function value in
OP 2 was equal to 0.74, and the obtained operative
conditions were the following: 20 mg L�1 PAA
concentration, 52 s washing time, and 18 °C washing
temperature.
Figure S2a,b shows the graphical representation of

the maximum global desirability function reached at
OP 1 and OP 2. The best compromise was obtained at
the top of the graphics.
As it can be seen, the global desirability function

values for both optimization scenarios were almost
similar and the higher PAA concentration and washing
temperature value obtained in OP 1 were in agreement
with the proposed optimization criterion of selecting
the conditions when the microbial reduction was
maximized.

Confirmatory experiments at conditions obtained in
optimization

Fresh-cut strawberries washing-disinfection experi-
ments were carried out at OP 1 and OP 2 conditions.
The studied responses (TMR, TAR, and AAR) were
determined on each washed sample. Table S5 shows
predicted and experimental mean values at both opti-
mized conditions. Experimental confirmatory results
showed adequate agreement (P > 0.05) with predicted
ones. As it can be seen, there was only approximately
one log reduction on TMR results between OP 1 and
OP 2 conditions. However, there was significant higher
bioactive compounds retention at OP 2 scenario. As
PAA is more expensive than chorine, the OP 2 scenario,
with lower PAA concentration (20 mg L�1 PAA),
could be more economically convenient for processors.
A preliminary study to evaluate the microbial load

and bioactive compounds evolutions of fresh-cut straw-
berries washed both at OP1 and OP2 conditions when
storing at 2 °C was carried out. According to results,
fresh-cut strawberries washed at OP1 conditions
(100 mg L�1 PAA, 24 °C and 50 s) and stored at 2 °C
showed an increase in the microbial load from 2.1 log
CFU g�1 on day 0 to 4 log CFU g�1 on day 15. In the
other hand, fresh-cut strawberries washed at OP2 con-
ditions (20 mg L�1 PAA, 18 °C and 52 s) showed an
increase in the microbial load from 3.1 log CFU g�1

on day 0 to 5.8 log CFU g�1 on day 15 at 2 °C. The
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microbiological limit at the end of the shelf life, which
separates good quality from marginally acceptable
quality of fresh-cut product, has been set at 6 log
CFU g�1 for total aerobic count mesophiles by legisla-
tion of Spain (IFPA, 2003). As it can be seen, results
obtained at both optimization scenarios (OP1 and
OP2) satisfy this criterion until day 15. The ascorbic
acid content of fresh-cut strawberries sanitized at OP1
and OP2 conditions showed no changes with storage
time at 2 °C. However, anthocyanin content after
15 days at 2 °C showed a similar reduction for both
scenarios (approximately 25%). Further investigation
is necessary to evaluate the microbial load, bioactive
compounds, and other quality attributes evolution with
storage time at different temperatures.

A sensorial analysis using a trained panel was per-
formed with OP 1, OP 2, and control samples of
fresh-cut strawberries. The mean score of sensory qual-
ity attributes (general appearance, genuine odor, genu-
ine aroma, genuine flavor, firmness, sour taste, and
sweet taste) and defects (off-flavor, off-odor and
browning) for the three samples (OP 1, OP 2, and con-
trol) are presented in Table S6. These samples did not
differ (P > 0.05) in general appearance, firmness, genu-
ine aroma, genuine flavor, and sour and sweet taste.

The genuine odor was better in the control strawber-
ries, not being detected differences in this sensorial
attribute between strawberries washed in OP 1 and OP
2 conditions.

Panelists reported slight off-flavor in strawberries
washed in OP 1 conditions. Moreover, this sensorial
defect in strawberries washed in OP 2 (20 mg L�1 PAA,
18 °C, 52 s) condition was not significantly different
from control strawberries (Table S6). Furthermore,
slight higher off-odor defect was detected in OP 1 straw-
berries compared to OP 2 and control strawberries.

Therefore, the higher PAA concentration in OP 1
(100 mg L�1) caused the off-odor and off-flavor occur-
rences of the washed strawberries in this condition.

Conclusions

The TMR model, developed herein, could be used to
evaluate the microbial count reduction under specific
PAA concentration, temperature, and time after washing
disinfection of fresh-cut strawberries. The multiple
(TMR, AAR, and TAR) response optimization
through the Derringer′s desirability function allowed
finding conditions of washing disinfection in two sce-
narios (OP 1 and OP 2). When the objectives were to
maximize the total microbial reduction with a target of
90% TAR and AAR retention, the predicted operative
variable levels were the following: 100 mg L�1 PAA,
24 °C and 50 s (OP 1). On the other hand, when the
objectives were to maximize TAR and AAR retention
with 2 log UFC g�1 microbial reduction, the obtained

operative variable levels were the following: 20 mg L�1

PAA, 18 °C and 52 s (OP 2). Additional experiments,
done in both scenarios, showed good agreement within
experimental and predicted responses. Washed fresh-
cut strawberries at OP 2 conditions showed 1,4 log
UFC g�1 microbial count reduction, 88,4% TAR and
95,2% AAR, and neither off-odor nor off-flavor occur-
rence. Based on latter results and the economic conve-
nience of lesser PAA consumption, OP 2 conditions
are recommended.
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Additional Supporting Information may be found in
the online version of this article:
Figure S1. Effect of time and peracetic acid (PAA)

concentration on total microbial count reduction
(TMR) of Camarosa freshcut strawberries at 22 °C.
Figure S2. Derringer’s overall desirability obtained

for OP 1 (a) and OP 2 (b) optimization of the
responses (ascorbic acid retention, total anthocyanins
retention, and total microbial count reduction).
Table S1. Experimental data for total microbial

count reduction (TMR) on washed Camarosa fresh-cut
strawberries at the Box–Behnken design conditions.
Table S2. Analyses of variance of the total microbial

count reduction quadratic model (TMR model) of
washed Camarosa fresh-cut strawberries.
Table S3. Coefficients of the model terms, coeffi-

cients of determination (R2), and absolute average
deviations (AAD) on the microbial count reduction
(TMR), total anthocyanins (TAR), and ascorbic acid
retention (AAR) models of washed fresh-cut Camarosa
strawberries.
Table S4. Optimization criteria based on total

microbial count reduction (TMR, �log Nt/N0), total
anthocyanins retention (TAR,%), and ascorbic acid
retention (AAR,%) after the washing disinfection with
peracetic acid of Camarosa fresh-cut strawberries
Table S5. Comparison between predicted responses

and experimental results of washing disinfection with
peracetic acid of Camarosa fresh-cut strawberries
under conditions that satisfied OP 1 and OP 2 optimi-
zation criteria.
Table S6. Sensory analysis of fresh-cut strawberries

washed in OP 1 and OP 2 conditions and washed with
tap water for 2 min (control).
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