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Abstract: To improve fresh-cut produce quality and shelf life, 0.5% or 1.0%
MicroGARD R© 730 (MG) as a natural alternative to synthetic chemical preserva-
tives, 2.5% NatureSeal R© (NS) product (vitamin/mineral-based blends), 0.5% MG
combined with 2.5% NS, and 1% MG combined with 2.5% NS were used to treat
fresh-cut butternut squash (Cucurbita moschata). The 240 g samples were put
into food grade bags and stored at 4 or 7 ◦C. Microbial population, including aer-
obic plate counts (APCs), yeast and molds, total coliforms, and quality parame-
ters, including head space O2/CO2 concentration in package, pH, soluble solids,
color, and conductivity, were evaluated after 0, 3, 6, 9, 12, and 20 days of storage.
Results showed that after 6 days of storage at 7 ◦C, APC of check and control
samples reached to 2.6 × 108 and 1.5 × 107 CFU/g, respectively; while they were
kept at 104 CFU/g (3 to 4 log reduction) in the squash samples treated with 0.5%
or 1% MG combined with NS at 7 ◦C. Similar results were found on squash sam-
ples stored at 4 ◦C for 9 days. The cut squash treated withMG combined with NS
had APC≤ 107 CFU/g at 4 ◦C for about 20 days compared to 9 days in controls or
0.5% MG-treated samples, and 12 days in 1% MG-treated or NS-treated samples,
respectively. Considering overall quality and extended shelf life, MG combined
with NS was recommended to apply to cut squashes stored at 4 ◦C.
Practical Application: This research provided useful information and practical
treatment application for developing fresh-cut produce with good quality and
extended shelf life up to 20 days at 4 ◦C.
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1 INTRODUCTION

A fresh-cut product is defined by the International Fresh-
cut Produce Association as fruit or vegetables that have

© 2021 Her Majesty the Queen in Right of Canada Journal of Food Science © 2021 Institute of Food Technologists. Reproduced with the permission of the Minister of
Agriculture and Agri-Food Canada

been trimmed and/or peeled and/or cut into 100% usable
product, which is bagged or prepackaged to offer con-
sumers with high nutrition, convenience, and flavor while
still maintaining freshness (www.fresh-cut.org). In recent
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years, the consumption of fresh-cut produce has been con-
tinuously increasing. Usually, consumers choose fresh-
cut fruit and vegetables based on their appearance and
freshness at the time of purchasing (Gorny et al., 2002).
They integrate all of the sensory inputs—appearance,
aroma, flavor, hand-feel, mouth-feel, and chewing sounds
into a final judgment of the acceptability of that fruit
or vegetable (Abbott et al., 2004). However, minimally
processing operations, such as peeling, cutting, or slic-
ing, greatly increase tissue damage of fresh-cut fruits and
vegetables causing the release of intracellular contents
(Rivera-Lopez et al., 2005). The liberation of cellular sub-
strates supports and increases the activity of enzymes
that may have negative effects on product quality, such
as browning, off-flavor development, and texture break-
down. Moreover, the presence of microorganisms on the
surface of fruit and vegetables may compromise the safety
of fresh-cut produce (Rojas-Graue et al., 2009). There-
fore, developing new strategies to increase shelf-life and
maintain overall safety/quality represents a major task
for fresh-cut processing industry (De Corato 2020; Fan &
Song 2008).
Application of natural antimicrobial compounds are

promising methods to improve the quality and extend
shelf life of lightly processed produce (Ma et al. 2017).
A commercial fermentation product–MicroGARD R© is a
patented natural, clean-label range for shelf life protec-
tion, including Propionibacterium metabolites. MicroG-
ARD R© 730 (MG) is one of the MicroGARD R© fermen-
tate products and reportedly has antimicrobial activity
against gram-positive and -negative bacteria as well as
fungi, and can be applied in cured meats, refrigerated
natural deli salads, prepared meals, and cooked meats
(www.dupontnutritionandbiosciences.com). Additionally,
the U.S. Food and Drug Administration has approved Pro-
pionibacteriummetabolites as generally recognized as safe
(FDA2003). Itwas reported that addition of 0.5%MG400 in
Cottage cheese could inhibit the growth of psychrotrophs,
yeasts, and molds, thus extend its keeping quality and the
shelf life from 12 to 26 days (Makhal et al. 2015). A signifi-
cant reduction of microbial loads (p< 0.001) was observed
whenMGwas applied in fresh-cut onions (Yang et al. 2011).
MGcombinedwith nisin or other treatments, such asmod-
ified atmosphere packaging (MAP) or irradiation, have a
synergistic effect on control of spoilage microorganisms
and Listeria spp. (Zuckerman & Ben Avraham 2002; Fer-
nandez et al. 2014).
Edible coatings contribute to extend the shelf-life of

fresh-cut fruits by reducingmoisture and solutemigration,
gas exchange, respiration, and oxidative reaction rates, as
well as by reducing or even suppressing physiological dis-
orders (Toivonen 2008; Vargas et al. 2009; Yousuf et al.
2018). For example, NatureSeal products are patented pre-

cise blends of GRAS (Generally Recognized as Safe) vita-
mins and minerals that inhibit browning while maintain-
ing flavor and texture and extending the shelf life of fresh-
cut produce (www.natureseal.com). The products have
been reported to preserve the texture, flavor, appearance,
crispness, and color of fresh-cut fruits at low but above-
freezing temperatures (Roessle et al. 2009; Augspole et al.
2017; Alicea et al. 2018).
Squash is a high yielding vegetable and there are a num-

ber of varieties grown worldwide (Habibunnisa et al. 2001;
Roura et al. 2004). Due to their large size and weight,
they present certain problems during harvesting, handling,
packaging, transportation, storage, and marketing. One of
the solutions is to keep squash in minimally processed
forms, which is more convenient to store and use (Alvarez
et al. 2017). The factors that shorten the shelf-life of fresh-
cut squash are enzymatic browning, microbial spoilage,
white surface discoloration, and senescence caused by con-
tinued respiration and the production of ethylene (Roura
et al. 2004; Lucera et al. 2012). So far, there have been lim-
ited reports on improving quality and extending shelf life
of fresh-cut squash using natural antimicrobials combined
with edible coating (Alvarez et al. 2015b; Lucera et al. 2012).
Therefore, developing new approaches to extend shelf-life
and maintain fresh-cut product quality are our research
interests. The objectives of this research were to evaluate
the potential use of commercial fermentation products—
MGas natural antimicrobials and investigate any enhance-
ment by the commercial edible coating-NatureSeal R© PS-10
(NS) on microbiological shelf life and quality of fresh-cut
squash in relation to storage temperature.

2 MATERIALS ANDMETHODS

2.1 Preparation of butternut squash
samples

Butternut squash (Cucurbita moschata) were supplied by
Nova Agri Inc. (Canning, Nova Scotia, Canada) and diced
at the commercial facilities according to standard opera-
tion procedure for regular plant production operations.
Whole butternut squash were peeled and dipped twice in
18 µl/L peracetic acid for 1 min each to avoid any cross con-
tamination during operation and then diced. After dicing,
2.27 kg of diced squashwas packed and sealed in food grade
bags (Golden Eagle-VH-62 190, Golden Eagle Extrusion
Inc., Milford, OH, USA), and transferred to the labora-
tory at the Kentville Research and Development Centre
(KRDC, Kentville, NS, Canada) for treatment and further
packaging. According to NatureSeal user’s protocol, diced
squash were dipped in 2.5% (w/v) NatureSeal solution
for 2 min and allowed to dry for 10 min. Based on our
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preliminary studies on fresh-cut produce (Yang et al. 2011),
0.5% and 1% (w/w) MG 730 (Dupont Nutrition and Bio-
sciences, https://www.dupontnutritionandbiosciences.
com/product-range/antimicrobials.html) were chosen to
treat squash samples. MG powder was dissolved in 100 ml
sterilized water to make into 0.5% and 1% solutions and
then sprayed all solution to fresh-cut squash samples
coated with NatureSeal. About 240 g of diced squash was
put in each bag (food grade bag, Golden Eagle-VH-62 190)
and sealed using an electric sealer (FoodSaver V2490,
Tilia International Inc., San Francisco, CA, USA). For this
study, the seven treatment combinations were set up as
follows: (1) check (no NS, no MG); (2) control (no NS,
no MG, immersed in 1 L sterilized H2O); (3) 0.5% MG
alone (no NS, + 0.5% MG); (4) 1% MG alone (no NS, +
1% MG); (5) NS alone (+ NS, no MG); (6) 0.5% MG with
NS (+ NS, + 0.5% MG); and (7) 1% MG with NS (+ NS,
+ 1% MG). Samples were divided into two groups, one
group was stored at 4 ◦C and the other was stored at 7 ◦C.
Both microbial quality, including aerobic plate counts
(APCs), yeast and molds, and total coliforms, as well as
squash quality parameters, including head space O2/CO2
concentration in package, pH, soluble solids, color, and
conductivity, were determined at 0, 3, 6, 9, 12, and 20 days.
If the microbial load exceeded 107 CFU/g in any treatment
at any time during the experiment, those samples were
discarded.

2.2 Measurement of O2/CO2
concentration of cut squash

The concentration of carbon dioxide and oxygen was mea-
sured in the head space of the package prior to opening
the bags using a PBI Dansensor Checkpoint (PBI Dansen-
sor, Denmark). A needle was inserted into each package
through a septum, the needlewas connected to theCO2/O2
gas analyzer, and 10 ml of air was analyzed for oxygen and
carbon dioxide concentrations (%).

2.3 Measurement of quality parameters
of cut squash

The pH of the squash juice obtained from 100 to 120 g
diced squash samples was determined using an Accumet
AR 20 pH meter (Fisher Scientific, Ottawa, Canada) that
was calibratedwith Fisher Scientific pH standards (pH 4.0,
7.0, and 10.0). Total soluble solids (TSS) content (oBrix) of
diced squash juice was measured using a digital hand-held
refractometer (PAL-1, Atago Co. Ltd., Tokyo, Japan). For
membrane permeability of cut squash, the rate of leakage
from squash tissue was expressed as a percentage of the

total conductivity of the tissue with that released into solu-
tion from the tissue in 1 hr (Forney et al. 2012). In brief,
10 g of diced squash was submerged into 40 ml of 0.3 M
sorbitol solution (in a 50 ml falcon tube). Then, samples
were kept in a 20 ◦C water bath for 1 hr prior to measur-
ing initial conductivity using anAccumet AR20 conductiv-
ity meter (Fisher Scientific). Samples were then frozen at
−20 ◦C for 24 hr, and thawed in a 20 ◦C water bath for 1 hr
and total tissue conductivity wasmeasured again. Freezing
the tissue kills the tissue causing the cells to lyse and thus
giving a total conductivitymeasure. A 0.01MKCL solution
wasmade for standardizing (1400 µm/cm) the conductivity
meter (Yang et al. 2011).

2.4 Color of cut-surface of squash

The color of diced butternut squash was determined using
a colorimeter (Model CR-300; Minolta, Tokyo, Japan),
which had been calibrated with a standard white plate
(Y = 92.30, x = 0.3162, y = 0.3323). For each treatment, six
pieces of diced squash were randomly chosen and the sur-
face color measured and averaged. Three readings of “L”
(Luminosity), “C” (Chroma), and “H◦” (Hue angle) coor-
dinates were recorded for each piece of diced squash.

2.5 Enumeration of microbial
population

On each sampling day, diced squash from each treatment
were subjected to microbiological analysis, including
APCs, yeast and mold counts, and coliform counts. A 25 g
sample of diced squash was weighed and transferred to a
sterile filter chambered stomacher bag along with 225 ml
peptone water (0.1% w/v peptone). The sample was then
processed at 280 rpm for 3 min in a Seward 400 stomacher
blender (Seward Ltd., Worthington, England). Serial dilu-
tions of each sample weremade using sterile 0.1% peptone.
Using a Whitely Automatic Spiral Plater (WASP2) (Don
Whitley Scientific Limited, Shipley, England), 50 µl of
samples was spiral plated onto Plate Count Agar (PCA,
Difco, NJ, USA) or Potato Dextrose Agar (PDA, Difco,
NJ, USA) with addition of 100 µg/ml chloramphenicol
(Fisher Scientific) or Violet Red Bile agar (VRB, Difco, NJ,
USA). PCA plates were incubated aerobically at 30 ◦C for
48 hr to determine the total aerobic bacteria. PDA plates
were incubated aerobically at 25 ◦C for 72 hr to determine
the yeast and mold population and VRB plates were
incubated aerobically at 37 ◦C for 48 hr to determine the
coliform population. Duplicate plates were prepared for
each dilution. Colonies were counted using an aCOLyte
automated colony counter (Synbiosis, Cambridge,
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F IGURE 1 Changes in O2 (a) and CO2 (b) concentrations in fresh-cut butternut squash packages during storage at 4 ◦C (A1, B1) or
7 ◦C (A2, B2). Control (●); 0.5% MG treatment, no NS (○); 1% MG treatment, no NS (▼); NS treatment, no MG (Δ); NS with 0.5% MG
treatment (■); NS with 1.0% MG treatment (□); check (◆). The vertical bar represents standard errors of the means

England). The microbial counts were expressed as log
CFU/g.

2.6 Statistical analysis

The experiment followed a split plot design and was repli-
cated three times. The variables were temperature (4 and
7 ◦C), and different treatments (check, control, 2.5% NS,
0.5% MG, 1% MG, NS + 0.5% MG or NS + 1% MG). Each
treatment combination was evaluated at day 0, 3, 6, 9, 12,
and 20 for microbial and product quality. The repeated
measurements were conducted using the mean value of
microbial counts and quality data across days. Data were
analyzed using the analysis of variance (ANOVA) directive
of GenStat R© (12th Edition, VSN International Ltd, Hemel
Hempstead, UK, 2009) in the randomized block model
for the effects of temperature, treatment combinations,
and their interaction on quality parameters. F probabil-
ity (p value) was used to identify the significant difference
among different treatment combinations and means were
compared using standard error of means.

3 RESULTS AND DISCUSSION

3.1 O2 and CO2 composition in packages
of fresh-cut squash

The content of O2 in packages of treated fresh-cut squash
samples stored at 4 and 7 ◦C is shown in Figure 1, A1 and
A2, respectively. The treatment with NS or MG alone, and
NS and MG combinations, did not significantly affect the
kinetics of O2 in the bags and a sharp decrease could be
seen fromday 0 to 3with theO2 content< 1% in all samples
at day 3. Similar results were found in our previous study
(Yang et al. 2011), sharp decrease of O2 and increase of
CO2 concentration were observed in fresh-cut onion sam-
ples during storage. In contrast, an increase of CO2 levels
was observed in all samples during storage at 4 and 7 ◦C
(Figure 1 B1, B2). No significant differences in CO2 con-
centration were found among the samples for the first 6
days. However, the inhibitory effect of NS combined with
0.5% or 1% MG treatments on squash respiration rate was
shown after day 6. It was found that cut squash treated
with NS plus MS kept CO2 at 10% until day 12 or 9 at 4 or
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F IGURE 2 Changes in pH (a), total soluble solids (b), and conductivity (c) of fresh-cut butternut squash during storage at 4 ◦C (A1, B1,
C1) or 7 ◦C (A2, B2, C2). Control (●); 0.5% MG treatment, no NS (○); 1% MG treatment, no NS (▼); NS treatment, no MG (Δ); NS with 0.5%
MG treatment (■); NS with 1.0% MG treatment (□); check (◆). The vertical bar represents standard errors of the means

7 ◦C, respectively, which wasmuch lower than control and
other treatments.

3.2 Effect of different treatments on pH,
TSS, and membrane permeability

Because the active components of NS are ascorbic acid
and calcium (Augspole et al. 2017), the initial pH value
of squash sample treated with NS alone was 5.8 com-
pared to 6.5 of the control (Figure 2 A1, A2). Addition of

MG also slightly decreased the initial pH value of fresh-
cut squash ranging from 0.1 to 0.2. The initial pH value
of fresh-cut squash was decreased to 5.6 following treat-
ment with NS combined with 1% MG. During storage at
4 ◦C, pH values of all samples did not change so much.
However, it decreased faster for squash samples after day 6
at 7 ◦C (p = 0.011), suggesting that some spoilage microor-
ganisms, such as spoilage lactic acid bacteria and Pseu-
domonas spp., grew over the storage period resulting in
increased acidity. The total soluble solids of cut squash
increased immediately after treatment due to the addition



6 EFFECT OF NATURAL ANTIMICROBIAL AGENT. . .

of NatureSeal and MG. During the period of 12 days stor-
age, TSS of treated fresh-cut squash samples had a slight
increase at 4 ◦C, while a decrease at 7 ◦C (Figure 2 B1,
B2). Roura et al. (2004) reported that the TSS of both diced
and whole squash increased during storage time suggest-
ing that an increase in the TSS could indicate changes in
carbohydrates that included starch to sugar conversion or
maybe due to dehydration effect of unpackaged squash
during storage. There were significant differences in
conductivity between control and cut squash treated with
NS plusMG730 (p= 0.042), 0.5 and 1%MG 730 (p= 0.021).
The increase in conductivity was observed among all cut
squash samples over a period of 12 days storage, increasing
from initial 30% to nearly 60% or 80% at 4 or 7 ◦C, respec-
tively (Figure 2 C1, C2). The increase in conductivity over
time reflects tissue senescence of the aging squash (Forney
et al. 2012), suggesting that cut squash should be stored at
lower temperature of 4 ◦C.

3.3 Color intensity of the cut-surface of
squash

The luminosity (L), chroma (C), and hue (H◦) of different
treated fresh-cut squash at both storage temperatures are
shown in Figure 3. L value of diced squash increased at
day 0 following coating with NS or immersion in sterilized
H2O (Figure 3 A1, A2). Similar results were obtained in
fresh-cut apples treated with NS, where high L values were
observed (Krasnova et al. 2017; Chiabrando & Giacalone
2013). However, during storage, L value of all squash sam-
ples decreased. C values also decreased during storage
(Figure 3 B1, B2), and a significant difference was observed
between control and treated samples (p = 0.009). Higher
C values representing the yellow-orange color of fresh-cut
squash indicated better quality of the fresh-cut product
(Alicea et al. 2018). Cut squash treated with NS alone and
NSwith 0.5%MSmaintained higherC values than the con-
trol during storage at 4 ◦C, indicating that NS can pre-
serve the appearance/color of cut squash. Moreover, tem-
perature played an important role in C values of fresh-cut
squash, and they decreased faster at 7 than 4 ◦C. A sig-
nificant difference was observed for all treated samples
at 4 and 7 ◦C (p = 0.01). The H◦ value was increased by
the addition of MG, and there was a significant differ-
ence between check and samples treated with NS plus MG
(p = 0.024). Squash samples treated with NS combined
with MG kept H◦ value constantly higher at 4 ◦C, while
it decreased in other treated samples during storage
(Figure 3 C1, C2). The color change was because of the
deterioration of fresh-cut products (Makhal et al. 2015).
Treatment of fresh-cut squash samples with NS com-
bined with MG inhibited the microbial growth result-

ing in slowing the rate of deterioration and color
change.

3.4 Effect of different treatments on
microbial load

Total aerobes, yeast and mold, and coliform counts on
fresh-cut squash subjected to different treatments and stor-
age temperatures are illustrated in Figure 4a–c). Signifi-
cant differences were shown between control and treated
samples in total aerobes, yeast and mold, and coliform
counts (p= 0.008, p= 0.001, and p= 0.001, respectively). In
addition, NS combined with MGwas the best treatment to
controlmicrobial growth in fresh-cut squash samples. Sim-
ilar results were found in fresh-cut onion samples treated
withMG (Yang et al. 2011). The results showed thatMG sig-
nificantly inhibited the growth of total aerobes, yeast and
mold, and coliforms. These results agreed with the report
by Makhal et al. (2015).
APCs are shown in Figure 4 A1, A2. At 4 ◦C, after 3

days storage, the APCs in samples treated with NS com-
bined with 1%MGwere 3.1 log CFU/g in comparison to 5.2
log CFU/g in check samples. At day 9, populations were
3.6 or 3.1 log CFU/g in squash samples treated with NS
combined with 0.5% or NS with 1%MG, respectively. How-
ever, populations were increased to 7.7, 7.3, 7.1, 6.0, and 6.4
log CFU/g in check samples, control, 0.5% MG treated, 1%
MG treated, and NS-treated samples, respectively. Because
the APCs exceeded 7.0 log CFU/g, sampling of the check,
control, and 0.5% MG-treated samples was stopped at day
9. On day 12, the APCs in 1% MG or NS-treated sam-
ples reached 7.7 and 7.4 log CFU/g, respectively, while
it was determined at 7.1 and 6.8 log CFU/g in NS com-
bined with 0.5% MG or NS with 1% MG-treated samples,
respectively, on day 20. At 7 ◦C, APCs reached log 7 by day
12 regardless of treatments applied. Storage temperature
played an important role in inhibiting aerobic bacterial
population.
The effect of treatments on yeast and mold growth was

similar as that of APCs (Figure 4 B1, B2). On day 9, at 4 ◦C
storage, the yeast and mold populations were 6.3, 6.5, 6.4,
5.5, 5.7, 4.7, and 4.2 log CFU/g in check, control, 0.5% MG
treated, 1%MG treated, NS treated, NS combinedwith 0.5%
MG, and NS combined with 1% MG-treated squash sam-
ples, respectively. The result indicated that MG combined
with NS was more effective against yeast and mold com-
pared with other treatments. Moreover, temperature was
one of the most important factors affecting the growth of
yeast and mold (p = 0.002). At 7 ◦C storage, on day 6, the
yeast and mold populations were 6.1, 6.4, 5.8, 5.3, 6.0, 4.7,
and 4.2 log CFU/g in check, control, 0.5% MG treated, 1%
MG treated, NS treated, NS combined with 0.5% MG, and
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F IGURE 3 Color changes of L (a), C (b), and Ho (c) of fresh-cut butternut squash during storage at 4 ◦C (A1, B1, C1) or 7 ◦C (A2, B2, C2).
Control (●); 0.5% MG treatment, no NS (○); 1% MG treatment, no NS (▼); NS treatment, no MG (Δ); NS with 0.5% MG treatment (■); NS
with 1.0% MG treatment (□); check (◆). The vertical bar represents standard errors of the means

NS combined with 1%MG-treated squash samples, respec-
tively. It must be noted that microbial growth rate of all
treatments was similar even at 1% MG plus NS up to day 9.
It is, however, difficult to compare this to bacterial growth
as it includes yeasts and molds.
Again, the combined treatment with NS and MG exhib-

ited strong inhibitory effect on coliform growth (Figure 4
C1, C2). NS combined with 0.5% or 1% MG inhibited the
growth of coliforms to an undetectable level (< 10 CFU/g)
until day 6 or 9, respectively, at 4 ◦C. On day 9, the col-

iform countswere 1.7 logCFU/g or undetectable level (< 10
CFU/g) in squash samples treated with NS combined with
0.5% or 1%MG, and 4.2, 3.4, and 4.2 log CFU/g in 0.5%MG
treated, 1% MG treated, and NS-treated samples, respec-
tively, compared to 4.9 and 3.5 log CFU/g in check sam-
ples and control samples, respectively. Therefore, a sig-
nificant inhibitory effect of NS or MG alone on coliform
growth in diced squash was found in comparison to check
and control samples (p = 0.008 and 0.001, respectively).
It was found that storage temperature also contributed to
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F IGURE 4 Evaluation of microbial population. Aerobic plate counts (a), yeast and mold (b), and total coliforms (c) of fresh-cut
butternut squash during storage at 4 ◦C (A1, B1, C1) or 7 ◦C (A2, B2, C2). Control (●); 0.5% MG treatment, no NS (○); 1% MG treatment, no
NS (▼); NS treatment, no MG (Δ); NS with 0.5% MG treatment (■); NS with 1.0% MG treatment (□); check (◆). The vertical bar represents
standard errors of the means

coliform growth (p = 0.013). At 7 ◦C storage, on day 6, the
coliform counts were 5.4, 5.5, 5.2, 4.7, 5.5, 3.0, and 1.3 log
CFU/g in check, control, 0.5% MG treated, 1% MG treated,
NS treated, NS combined with 0.5%MG, and NS combined
with 1% MG-treated squash samples, respectively. In this
study, microbiological quality analysis was performed for
APC, yeast and mold counts, and coliforms counts. APC
is one of the indicators for monitoring microbial quality of
food products/fresh-cut produce. For our future research,

it is also necessary to determine psychrotrophic bacteria
and/or Pseudomonas spp. population in this food model
stored at refrigeration temperature.
Storage temperature is one of themost important factors

for extending shelf life of fresh-cut products (Alvarez et al.
2015a, 2015b). In this research, significant differences in
microbial counts and product quality were found between
4 and 7 ◦C (p ≤0.05) in all treatments, which agreed with
our previous research findings that temperature played
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an important role in microbial growth, including APCs
(p = 0.002), yeast and mold counts (p = 0.001), coliform
counts (p = 0.005), as well as quality parameters on fresh-
cut onions (Yang et al. 2011). Similarly, Aguayo et al. (2004)
found that temperature control was more effective than
MAP treatments in reducing microbial growth of fresh-cut
tomatoes. Increasing storage temperature from 0 to 5 ◦C
significantly increased APCs. In addition, after 7 days of
storage, a better sensory quality of fresh-cut tomatoes was
found at 0 ◦C than at 5 ◦C (Aguayo et al. 2004).

4 CONCLUSIONS

Fresh-cut butternut squash is highly susceptible to micro-
bial spoilage, which can affect the overall quality and
shelf life. Microbial quality evaluation is necessary to
determine APC, yeast and mold counts, coliform counts,
psychrotrophic bacteria, and Pseudomonas spp. popula-
tion. The commercial fermentation product of MicroG-
ARD R© 730 with antimicrobial effects and edible coat-
ing of NatureSeal R© PS-10 can be applied to the fresh-cut
squash, whichmay assist in improving product quality and
the shelf life by inhibiting spoilage microorganisms. Our
results showed that 0.5% or 1% MG combined with NS was
the most effective treatment for ensuring quality and con-
trol of microbial spoilage of fresh-cut butternut squash.
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