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ABSTRACT

Peaches are climacteric stone fruits and they establish an interesting alternative as a minimally
processed (MP) product due to their characteristics like flavor, color, smell, and also because of its handling
resistance. However, they have a short shelf life after a fresh cut due to enzymatic browning as well as the
stone cavity collapse. The present investigation aimed to determine the combined effect of blanching,
osmotic dehydration and preservatives on the quality and stability of minimally processed refrigerated
(MPR) peaches. Fruits were cut into halves and subjected to osmotic dehydration using sucrose solution
(40%) at ambient temperature (25-30°C) for 4 hours. The pH of the syrup was adjusted with citric acid to
3.60. Potassium sorbate (0.75%), sodium bisulphite (0.45%) and ascorbic acid (0.50%) were then added to
the syrup. Afterward, peaches were drained, packed under vacuum and stored at 4+1°C. Physicochemical
analysis (total soluble solids, pH, total acidity, color parameters total, phenols, total sugars, and ascorbic
acid) and microbial quality along with a sensory analysis were measured at regular intervals throughout the
storage period. During 60 days of storage, a decrease in pH, ascorbic acid (mg/100g), color (L* value) and
sensory characteristics were observed. From the results obtained it was revealed that the MPR peach-halves
showed good overall acceptability up to 30 days of storage at refrigerated temperature (4+1°C).
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INTRODUCTION

Fruits are a perishable food because their metabolic
activity continues after harvest. Fruits are of great
importance due to the presence of natural compounds such
as vitamins (C and E), carotenoids and phenolic
compounds, which can act as natural antioxidants (Robles-
Sanchez et al., 2007). Natural phenols have been reported
to have excellent properties as a food preservative and play
an important role in protecting against many pathological
disorders (Haminiuk et al., 2012).

Peaches (Prunus persica L.)belongs to the
Rosaceae family, are economically and nutritionally
important, although the total amplitude of antioxidants is
lower than that of other fruits (Remorini et al., 2008 and
Wolfe et al., 2008). They have many anti-disease
properties such as cancer, anti-allergic, anti-tumor, anti-
bacterial, anti-microbial and anti-inflammatory. Shelf life
is limited by weight loss and physiological disorders in
addition to browning and changes in texture (Kant et al.,
2018). Therefore, these fruits are generally commercialized
shortly after being harvested. World production of peaches
in 2018 is estimated at 18 million tons (Nanaki and
Koroneos, 2018).

Minimally processed fruit (MPF) are products that
undergo moderate processing processes that allow them to
maintain their quality characteristics similar to those of
fresh ones (Bolin and Huxsoll, 1989 and Alzamora et al.,
2000). The increasing popularity of MPF is due to the
health benefits of fresh produce, combined with the
continuous consumption trend of consuming ready-to-eat
foods with a higher convenience value. The increasing
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demand for these products presents researchers and
processors with the challenge of making them more stable
and safer (Martins et al., 2011 and Nogales-Delgado et al.,
2015 The shelf-life of minimally processed fruit is gener-
ally more limited by changes in their sensory properties
rather than by microbial growth (Ares et al., 2008 and
Lima and Vianello 2011). Browning is a special problem
with fruits such as apples, pears, and peaches, which occur
as a result of the action of polyphenol oxidase (PPO) on
phenolic compounds to form quinones, which are
responsible for browning (Barbagallo et al., 2012 and
Ghidelli et al., 2013).

The expansion of MPF concepts has been reflected
in new, renewable and improved products and processes
that have been formulated and developed to create a greater
variety of MPFs. There is also great interest in using new
or emerging technologies to get the MPF using non-
thermal processes in the framework of the ‘“hurdle”
concept (Alzamora et al., 2000). The key requirements in
minimal processing of fresh products are high quality of
raw materials and good manufacturing practices including
strict hygiene, cleaning with or without washing before and
after peeling, gentle peeling and cutting before treatment,
correct temperature, humidity and packaging materials
(Varoguaux and Mazollier, 2002).

Minimally processed refrigerated (MPR) fruits are
an important and rapidly developing class of MPF. The
purpose of MPR fruits is to deliver to the consumer a like-
fresh fruit product with an extended shelf-life and at the
same time ensure food safety and maintain sound
nutritional and sensory quality (Carter et al., 2010).
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Minimally processed refrigerated fruits are defined
as those performed by one unit or any number of suitable
unit operations such as peeling, slicing, shredding, juicing,
etc., when performing partial preservation but without an
end point, including the use of a minimal heat, a
preservative or radiation (Sandhya, 2010). Preserving or
hurdle treatment can include pH control, antioxidants,
chlorinated water entry, or a combination of these or other
treatments. Initial preparation and preservation treatments
usually follow by some type of controlled, modified
atmosphere and vacuum packaging that is subjected to low
temperatures above freezing point during storage,
distribution, and marketing, and immediately prior to
preparation for consumption.

The purpose of this study was to extend the shelf-
life and maintain fresh-like quality of MPR peaches by
using the “hurdle concept” based on mild heat treatment
(blanching), osmotic dehydration, the used of preservatives
and refrigerated storage at 4+1°C.

MATERIALS AND METHODS

Fruit materials

Fresh quality peaches (Prunus persica L) at
commercial maturity were chosen from a local market at El
Minia Governorate (May 30, 2018).Fruits were transported
to our laboratory, sorted to eliminate damaged or defective
fruit, and stored at 4+1°C until use, within 24 hours. All
reagents used were of analytical grade (Sigma Chemical,
Co).
Minimal processing of peach fruits

Fruits were washed with water containing 200 ppm
of active chlorine to remove dirt and surface microflora for
prevent contamination. They were cut into halves of equal
sizes using a sharp stainless steel knife and the stones were
removed manually. Samples were then blanched with
steam for 5 min. Osmotic solution was prepared using
commercial grade sucrose and distilled water at
concentration of (40% wi/v) keeping a weight ratio of 1:2
(fruits : syrup). A magnetic stirrer provided gentle
circulation of the syrup. Fruits pieces were held submerged
in the syrup by a plastic screen and allowed for osmosis 4
hours at ambient temperature (25-30°C) according to Tapia
et al., (1998). The pH of the solution was adjusted to 3.60
with citric acid.  Potassium sorbate (0.75%), sodium
bisulphite (0.45%), and ascorbic acid (0.50%), were added
to the syrup. After that the samples were removed from the
syrup and put to rest to drain off any excess liquids. The
peach-halves were then packed in laminated polyester
nylon (250 g capacity) under vacuum and thermo sealed.
Samples were stored at refrigerated temperature (4+1°C)
and relative humidity (85+5%). Relative humidity was
estimated by hygrometer.
Chemical analysis

Moisture, Ash, fiber, total soluble sugars, and crude
protein contents were determined according to the methods
of the AOAC (2000).
Determination of physicochemical properties of MPR
peaches
Total soluble solids, titratable acidity and pH
determination of MPR peaches.

Samples (5 halves) were removed each 5 days,
homogenized in a blender and subjected to physicochemical
analyses.

Total soluble solids (TSS) was determined by using
Abbe refractometer (model 1T). Results are expressed as
°Brix according to AOAC (2000).

Titratable acidity (TA) was detected by titration
against 0.IN NaoH with phenolphthalein indicator as
described in AOAC (2000). TA was expressed as % citric
acid. PH was measured using a Digital pH meter glass
electrode (model 41250, ICM.OR, USA) as described in
AOAC (2000).

Total Phenolics (TP)

The spectrophotometric measurement of TP was
carried out at 765nm using T80 UV/VIS spectrometer.
Results were expressed as mg of gallic acid equivalents per
100 g samples according to Lima et al., (2005).

Ascorbic acid (AA)

Ascorbic acid was estimated by the AOAC (2000)
titrimetric method of analysis using 2, 6 —dichlorophenol-
indophenol dye. The results were expressed in mg ascorbic
acid per 100 g of fruit homogenates.

Total soluble sugars (TS).

The phenol-sulfuric acid method described by
Dubois et al., (1956) was used in the determination of total
soluble sugars.

Color characteristics.

Color parameters used to estimate changes in
appearance of MP peaches during storage were L* is a
measure of lightness, a* represents the chromatic scale
from green to red and b* represents the chromatic scale
from blue to yellow. Color characteristics were measured
by a color difference meter (model color Tec-PCM, USA).
Ten measurements were performed at the surface points of
the peach-halves according to Francis (1983).
Determination of microbiological properties

For microbiological assessments, samples were
examined for total plate count (TPC), Yeasts and Molds
count (Y&M), and total coliforms according to the
procedure described by Vanderzant and Splittstoesser
(1992). All the counts were done in triplicate and the
results were reported as logio cfu/g.

Assessment of sensory properties

Samples were subjected to sensory evaluation on
day 0, 30 and 60. Ten panelists from the staff members and
post graduate students of Food Science Department,
Faculty of Agriculture, Minia University evaluated the
MPR peaches for appearance (10), color (10), texture (10),
taste (10) and overall acceptability (10) according to the
procedure described by EL-Samahy et al., (2007).
Statistical analyses

Physico-chemical evaluations underwent variance
analysis and mean comparison was performed by Tukey's
test of a 5% significance level using Statistica 7.0 (StatSoft
Inc., Tulsa, UK).

RESULTS AND DISCUSSION

Physicochemical characteristics of fresh peaches

The Physicochemical analysis of fresh peach-
halves is illustrated in (Tablel). The average weight of the
fruit was 50.56+3.49 g. The moisture content was of
88.33+0.17%, ash content was of 0.33+0.12%, and protein
content was of 1.18+0.36%. Furthermore, total soluble
sugars and fiber contents were 8.09£0.17% and
1.12+0.23% respectively. Sugars represent 60-80% of
soluble solids in peaches (Gorny et al., 1998). The results
also indicated that TSS of raw peach fruit was 8.90°Brix.
Results are in accordance with date published by Ashraf et
al., (2010).
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Table 1. Physicochemical parameters* of fresh peach fruits (expressed as fresh weight).

Weight of Length Width  Pulp: stone  Moisture Protein Ash Fibers Total TSS
fruit (g) (cm) (cm) ratio % % % % sugars%o (Brix)
50.56+349  5.79+0.06 5.92+0.07 20.14+0.61 88.33+0.17 1.18+0.36 0.33+0.12 1.12+0.23 8.09+0.17 8.90+0.05

*Results are presented as means +SD (n=3)

Effect of storage of MP peach-halves at ambient
temperature

A preliminary experiment was designed to study
the shelf-life of halved MP peaches stored under room
temperature (Table 2). The data of sensory analysis and
objective quality evaluation within the periods evaluated
after 2 and 4 days at 25°C revealed that peach-halves
underwent severe surface browning during the initial days
of storage. Therefore, the most alterations were observed in
the surface color coordinates (L*, a* and b*). Storage time
had a significant effect (p<0.05) on the colorimetric
parameters occurring an increasing in a* values which tend
toward red and a reduction of L* and b* values which tend
toward blue. Moreover, the samples received a low score
of acceptability because of high shrinkage, less color and
low quality indicating that all additives don’t seem to
promote better results concerning to the maintenance of the
quality. Therefore the shelf-life of MP peaches was very
limited to 2-4 days maximum. Consequently, a longer
shelf-life is important when considering the high
perishability of MP fruits.

Table 2. Quality parameters* of MP peach-halves
stored at ambient temperature

Parameters Zero 2 days of 4 days of
time storage storage
TSS (° Brix) 24.00° 23.00° 22.00°
pH 4232 3.98° 3.09¢
TA (% as citricacid) ~ 0.28¢ 0.57° 129
TP( mg /100g) 73.97° 127.345 154.98°
AA('mg /100g) 41.322 36.50° 22.85°
TS% 18.220 2143 20.582
Color
L* 43,572 3857 22.15°
a* 8.95° 9.34b 17.292
b* 22.08? 21.728 18.08P
TPC (loguo cfu/g) 3.5¢ 3.9° 4.3
Y&M (loguo cfu/g) 0 2.3 2.6
Overall acceptability ~ 9.502 4.87° 4,08°

* Values within each raw followed by different letters (a-c) (expressed
as superscripts) were significantly different at level of p< 0.05

Total soluble solids (TSS), titratable acidity (TA) and
pH determinations.

The data in Table 3 shows the values of TSS
(°Brix) of MPR peach-halves, when stored at 4 +1°C for 60
days. No significant differences (p< 0.05) were observed in
the TSS content (° Brix) during the storage of MPR peach-
halves until 30 days. Thereafter there was a significant (p<
0.05) decrease in TSS upon storage for 60 days at 4+1°C.
On the other hand, Martins (2010) noted that the soluble
solids content (°Brix) remained constant during MP peach
storage, with no significant difference (p < 0.05) in the
values between all the different treatments with ascorbic
acid and calcium chloride. Nevertheless, when different
packages were evaluated. Chagas et al. (2008) also note
that there were no differences in the soluble solids content
when treating MP peach with 1% and 2% citric acid and
stored at 5 ° C for a period of nine days.

As shown in Table 3, the pH of the MPR peach-
halves was 4.23 at the beginning of the experiment (day
zero). No significant (p< 0.05) changes were found until 20
days of storage. Thereafter, the pH values were gradually
decreased and reached 3.63 on the 60 days of storage. Low
pH is preferred in fresh-cut fruits because it provides better
protection against microbial growth (O * Connor —Shaw et
al., 1994).

The titratable acidity (TA % as citric acid) of
freshly prepared MPR peach-halves packed under vacuum
was 0.28% (Table 3). This value, however, increased to
0.57% and 1.29% after 30 days and 60 days of cold storage
respectively. Higher TA values are preferred during
storage because they correlate with low pH values, thereby
preventing the early growth of micro-organisms in fresh-
cut fruits. Generally, the results showed a linear increasing
trend in TA % with the advancement of the storage period.
This may be due to subsequent accumulation of organic
acids which were oxidized at a slow rate because of
decreased respiration. Cortez et al., (2014) and Geetha
(2015) also reported an increase in TA of MP carrots and
pumpkin cubes during storage. On the other hand, in some
MP fruits, TA can decrease during storage (Perez et al.,
2014 and Totad et al., 2018).

Table 3. Total soluble solids (TSS), pH, and titratable
acidity (TA) in MPR peach-halves during the

60 days of storage

Time of storage TSS H TA
(Days) (°Brix) P (% as citric acid)
0 24.002 4232 0.289
5 24.002 4.09? 0.28°
10 24.002 4,052 0.43f
15 23.00% 4,03 0.43f
20 23.00% 4,03 0.57¢
25 23.00% 3.08° 0.57¢
30 23.00% 3.96° 0.57¢
35 22.00° 3.89° 0.72¢
40 22.00° 3.81% 0.86¢
45 22.00° 3.78% 1.00¢
50 21.00° 3.72% 1.00¢
55 21.00° 3.69° 1.15°
60 21.00° 3.63° 1.292

*Values within each column followed by different letters (a-g) expressed
as superscripts were significantly different at level of p<0.05

Total phenolic (TP), Ascorbic acid (AA) and Total
sugar (TS)

Results in Table 4 showed increases in TP during
60 days of storage. These increases could be the response
of the reaction plant tissues to stress during processing
(Haminiuk et al., 2012), because mechanical damage
provokes the de novo synthesis of the phenylanlanine
ammonialyase enzyme, which it is the key in phenolic
biosynthesis (Tomé&s-Barberan and Espin, 2001).

According to Dalla-Valle et al., (2007) post-harvest
increases polyphenols content because of enzymatic
hydrolysis of bound polyphenols, thus enhancing the total
phenol amount. In literature, different values of total bound
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phenols present in peach are (Vinson et al., 2001). They
reported a variation in the pattern of free and conjugated
phenol distributions in fruits. In addition, it could be also
explained by the different rates of phenolic synthesis due to
stress and degradation due to PPO activity and surface
healing. Imeh and Khokhar (2002) reported that in peaches
the 80% of phenols are conjugated phenols and then it is
surmised that some conjugated polyphenolics were
degraded to extractable single phenolic acids during cold
storage.

Table 4. Change in TPC, AA and TS* in MPR peach-
halves the during 60 days storage period at

4°C.

Time of storage TPC AA TS

(Days) (mg/100g) (mg/100g) (%)

0 73.97" 41.322 18.220
5 95.899 39.10% 24.00°
10 123.30¢f 37.18% 20.09°
15 145.20° 36.36% 19.08°
20 200.32¢ 34.93° 18.72°
25 112.39f 31.86° 18.20°
30 123.37¢ 30.24° 16.26°
35 183.68¢ 27.45° 17.87
40 205.53¢ 24.12¢ 17.79%
45 211.23« 22.13« 18.87°
50 243.87° 20.33¢ 16.77¢
55 260.31° 19.45¢ 17.85%
60 287.722 17.15¢ 18.72°

*Values within each column followed by different letters (a-h)
expressed as superscripts were significantly different at level of p<
0.05, TPC: total phenol content, AA:ascorbic acid and TS: total
sugar

As shown in Table 4, AA gradually declined during
storage. AA decreased by about 58.5% after 60 days of
storage. Major AA loss in MPR peach-halves occurs
during processing. Losses were not only due to degradation
reaction but also diffusion in syrup. These findings were
similar to those of Alzamora et al., (1989).

The data in Table 4, TS content had significantly
(p<0.05) an increase trend in the initial stage of the storage
period (at the day 5 of storage). The increased level of total
reducing sugars occurs due to water loss during processing
and it could be attributed to the acid hydrolysis of
polysaccharides during storage which resulted in increase
in soluble sugars content. A similar trend was also seen in
osmo-dehydrated and hurdle processed pineapple slices by
Michael (2012), Rao and Roy (1980) in mango pulp
dehydration, Mehta et al., (1982) in dehydration of
pineapple and Tomar et al., (1990) in osmotic dehydration
of pear.

Color analysis

Figure 1 shows the values of lightness (L*) of MPR
Peach halves stored at 4+1°C for 60 days. There was a
reduction in L* suggesting browning of MP peaches due to
the reduction of quinones to phenols (Toralles et al., 2008).
It is interesting to note that the reduction in L* values was
only 4.24% after 30 days whereas, it reached 42.11% after
60 days of refrigerated storage. Similar to this study, other
studies show that even when using antioxidants, the MP
peach color is partially changed. Chagas et al. (2008)
observed a decrease in L* values while storing MP treated
peaches with different concentrations of citric acid. A
study by Martins (2010) also observed a decrease in L *

values within 12 days after the storage of MP peaches
treated with ascorbic acid, calcium chloride, and various
packing materials. Costa (2010) observed a decrease in L *
values in MP peach samples treated with L-cysteine
hydrochloride, ascorbic acid and calcium chloride.
However, the decrease of L* values could also be
attributed to the shrinkage of plant tissue, which leads to an
increased in sample opacity.

Figure 1shows the values of MPR peach halves
stored at 4 + 1 °C for 60 days. The values of a* were
fluctuated during the evaluated period and trend to increase
at the end of the storage period. This increment indicates a
high intensity of the red color. Different results had
reported inclusive Chagas et al. (2008), who founded that
the values of a* did not differ significantly within nine
days after storage between MP peaches treated with citric
acid (1% and 2%).

In general, the parameters of L* and a*are well
associated with a browning reaction. Enzymatic and non-
enzymatic reactions are the main reason for developing a
brown color. The changes in redness and yellowness are
clear and appear to be related to changes in fruit pigments
and solids uptake (Falade and Igbeka, 2007).

Color parameters

AR AR

20 25 30 35
Days of storage

Figure 1. changes in color parameters in MPR peach-
halves during 60 days of storage at 4 + 1°C.

0

Figure 1 shows values of b * of the MPR peach
halves stored at 4 + 1 °C for 60 days. There were also
fluctuations in the values of b * during storage; However,
at the end of storage, there was a downward trend,
indicating an increment of the blue color intensity.
Increased a * values and lower b * values may be indicate
oxidized browning. Chagas et al., (2008), have described
similar behavior for MP peaches treated with citric acid.
Microbial analysis
Total plate count (TPC) of micro-organisms

Results in Figure 2 demonstrated that TPC of
freshly prepared MPR peach-halves was 3.5 logio cfu/g.
This value decreased to 3.2 logio cfu/g after 5 days of
storage at 4+1°C. Generally, microbial count increased
with storage time up to 60 days of storage and reached 4.3
logso cfu/g after 60 days of storage. According to HACCP
guidelines, foods with less than 4 log 10 cfu/g are classified
as a good food, and foods with more than 8 log 10 cfu/g are
spoiled food, which is higher of the values in the study by
(Jacxsens et al., 2002). Martinez Ferrer and Harper (2005)
stated that, the fruits of MP carry natural micro-flora and
may contain approximately 2.01-2.02 log 1o cfu/ g.

Yeasts and molds (Y and M)

Figure 2 showed the growth curve of yeast and
molds for MPR peach-halves. No occurrence of yeasts and
molds up to 10 days of cold storage was observed, but they
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increased thereafter. However, all counts were lower than
the critical limit for Y and M (10° CFUg™®) on all days of
storage. On the other hand, Chauhan et al. (2006) found
that pre-treated papaya slices, which were stored in
different packaging conditions in a modified atmosphere,
had zero counts of Y and M. Pinheiro et al., (2005),
reported that population of yeast and mold M were ranged
from 2.7x10? to 1.9x10’CFU g in MP pineapple samples
from supermarkets in Fortaleza, Brazil.

4
35

Logyycfu /g

Total Count
—Y&M

0 5 10 15 20 25 30 35 40 45 50 55 60
Days of storage

Figure 2. Total plate count (TPC), Yeasts and Molds (Y
and M) of MPR peach-halves (4 £1°C and
85%RH) for 60 days of storage.

Faecal coliform

Although O'Connor-Shaw et al. (1994) found that
coliforms are part of the natural microflora of the fruits and
the results of the current study did not reflect this, as
careful preparation and purification of the sample were
followed, which revealed good manufacturing practices.
Meanwhile, Chauhan et al. (2006) reported that pretreated
papaya slices with sorbates and benzoates as antimicrobial
additives and packaged in a modified atmosphere
registered zero coliform counts up to 60 day. The results
obtained were also comparable with the results reported by
Lopez-Malo et al., (1994) and Ankita et al., (2014). It was
indicated that the selected condition was capable of
assuring the microbial stability of the product. The main
problem of MPR peach-halves is not microbiological
decay as they are not harmful for consumption.
Sensory evaluations

Changes in sensory attributes such as appearance,
color, texture, taste and overall acceptability of MPR peach
halves were assessed during a 60-day cold storage. Results
in Table (5) showed that color scores for MPR peach-
halves decreased significantly (p<0.05) during storage. The
color loss was due to the development of browning. This
can be confirmed by a decrease in L* value.The decrement
of appearance and texture score was observed during 60
days of storage.

Table 5. Mean scores* of sensorial attributes** of MPR
peach-halves during cold storage.

zerotime after 30 days after 60 days

Appearance 9.472 8.80° 5.42¢
Color 9.752 7.96° 5.35¢
Texture 8.362 7.44° 6.20°
Taste 9.518 8.892 6.13°
Overall accepability 9.502 8.61° 5.15°

* Means of 10 panelists

** Values within each c....olumn followed by different letters (a-c)
expressed as superscripts were significantly different at level of p<
0.05

MPR peach halves stored at low temperature
(4£1°C). We maintained a good overall quality until 30
days of storage (Paull 1999). It could be also observed that
the overall acceptability of the sample was found to be
acceptable, but during the subsequent storage period, there
was a reduction in overall sensory score. Similar finding
has been reported by Rashmi et al., (2005) in pineapple,
Shobana (2003) in banana, Jose et al., (2008) in mango
slices.

CONCLUSION

In the current research, physical, chemical,
microbiological and sensory changes were evaluated to
determine the keeping quality of MP peach-halves. The
result revealed that the shelf-life of halved MP peach was
limited to 2-4 days maximum at ambient temperature. In
the contrary, it is possible to obtain shelf-stable, high
moisture MPR products by applying hurdle technology.
This could be achieved by the combined effect of
blanching, osmotic dehydration and the wuse of
preservatives that act synergistically when packed under
vacuum and stored at refrigerated temperature (4+1°C).
Regardless of microbiological safety during the 60 days of
cold storage, the color was found to be the quality limiting
factor of MPR peach-halves. The treatment was efficient to
maintain quality with shelf-life of about 35 days,
afterwards the color and dehydration become strong
enough to affect the appearance. Consequently, shelf life
elongation properly due to a low temperature which can
constitute a valuable hurdle against quality loss. MPR can
consider useful to the fast food industry and other ready-to-
eat products, attending the demand for healthy and
convenient food stuffs.
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