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Abstract

To examine the effect of storage condition on the quality and microbiological change of strawberry “Minyubong”, the rate
of weight loss, decay rate, pH and titratable acidity, and microbial (total bacterial count, mold and yeast) changes were
determined during storage. Strawberry fruits were packaged with low-density polyethylene (LDPE). Strawberries were then
stored at 4 and 20C, respectively. LDPE package was effective on the decrease of decay rate of strawberry as well as the
rate of weight loss, compared with the non-packaged. Microbial changes of strawberry stored at 4'Cand 20°C were monitored
during storage. Packaging affected the microbial change, resulting in retarding the growth of total bacteria as well as mold
and yeast, compared with the non-packaged, regardless of storage temperature. These results indicate that storage of
strawberry fruits wrapped with LDPE at 4T should be recommended in terms of quality as well as its shelf-life.
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Introduction

Strawberry fruits have a very short postharvest life since they
have high metabolic activity and incidence of microbial growth
and rots (1, 2). Carbon dioxide-enriched atmosphere are used to
extend the postharvest life of strawberry fruits by reducing
respiration rates and by retarding incidence of decay (3, 4).
However, it is not applicable in Korea due to the economic
reason.

Typical strawberry fruits cultivated in Korea are Yeobong,
Bokyo, and Miyubong. Recently, Minyubong is favored among
these varieties, by strawberry growers, since it is better than
Yeobong, which is the most popular one, in terms of the size
and sweetness. Compared with Yeobong that has been studied
extensively, Minyubong has not been studied on the quality
change during storage yet. Therefore, the objective of this study
was to examine the effect of storage condition such as
packaging method on the quality and the microbiological
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change during storage of strawberry Minyubong.

Materials and Methods

Materials

Strawberries “Minyubong” were purchased right after harvest
in Daejeon, Korea. Fruits were immediately transported to
Chungnam National University and used for this study.

Storage conditions

was 4C and 20TC. Low-density
polyethylene (LDPE, 8 ;m) was used as a packaging material.

Storage  temperature

Loss of weight measurement

During storage, the weight loss due to transpiration and
respiration was determined by weighing the fruit each day.
Loss of weight was expressed as a percentage of the original
weight of the packaged fruit.
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Decay rate

During storage, decay rate was determined by counting the
rotten samples. The quality of stawberries was visually
assessed and decay rate was expressed as a percentage of the
total number of the fruit.

Soluble solid contents

Strawberry fruits were ground, filtered, and its soluble solid
content ("Brix) was determined using a refractometer.

pH and titratable acidity

Strawberries were ground, filtered, and the pH of strawberry
juice was measured using a pH meter. Titratable acidity of the
filtered strawberry solution was determined. The amount of
NaOH consumed was measured and expressed as the amount of
malic acid.

Microbial analysis

One gram of fruit samples were collected aseptically and
placed in a sterile coming tube with 9 ml of sterile peptone
solution (0.1% sterile peptone, w/v). After grinding for 2 min
and filtration, dilution was performed with sterile pepton
solution and poured on plating count agar (Difco Co., Detroit,
ML, USA) for total viable bacterial counts. Diluted samples
were plated on potato dextrose agar (Difco) for yeast and mold
count. Both plates were incubated at 30°C for 48 hr. Microbial
counts were determined as colony forming units (CFU) per
gram of samples.

Statistical analysis

Analysis of variance and Duncan multiple range tests were
performed to analyze the results statistically using a SAS
program (SAS Institute, Inc., Cary, NC, USA).

Results and Discussion

Strawberry fruits were stored at 4°C and 20C and LDPE
was used as a packaging material. During storage up to 4
weeks under various storage conditions, the loss of weight was
determined (Fig. 1,2). With the change in color and softening
of the fruit, the loss of weight during storage is one of the
main reasons for poor quality of the fruit. The loss of weight

is mainly due to transpiration and respiration after harvest, yet
it can be controlled by low-temperature storage, CA storage, or
appropriate packaging. Our results showed that the loss of
weight of strawberry fruits stored at 20°C increased rapidly,
compared with the packaged one (Fig. 1). In particular, after
day 2, the loss of weight was 53%, which is over the limit
for good quality of the fruit (5). Robinson et al. (5) reported
that the loss of weight over 6% was the limit of quality of the
strawberry fruit. Therefore, for the unpackaged fruit stored at
207, 3 day is the shelf life since the loss of weight was
6.4% after day 3 and its appearance was very poor because of
decay. On the contrary, the packaged fruit with LDPE had not
much change in the loss of weight after 2 day, where it was
about 2%. However, it should be noted that the packaged one
stored at 20°C also showed the change in color as well as

100 4

©

@
b
b

96 1

94 4

Weight loss (%)

92 4

90

s 4

2 3

o 4

Storage (days)

Fig. 1. Effect of packaging method on the weight loss of
strawberry fruits during storage at 20TC.
@ : Control, A : LDPE packaging.
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Fig. 2. Effect of packaging method on the weight loss of
strawberry fruits during storage at 4TC.
@ : Control, A : LDPE packaging.
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decay within 5 days. The strawberry fruits stored at 4°C had
the similar pattern as 20C(Fig. 2). Although the packaged one
kept the loss of weight within 5% up to 7 days, the quality
was not acceptable after 6 days due to other factors such as
decay.

Another important factor in terms of quality of the fruit is
decay rate. It is based.on visual assessment, which reflects the
overall quality of the fruit and very easy and objective way to
distinguish the quality of the fruit. Strawberry fruits are usually
rotten by softening and growth of mold or pathogenic bacteria.
Decay rate was shown in Fig. 34. During storage of
strawberry fruits, decay rate was dependent on the storage
temperature, since storage at 20C had a drastic increase in
decay rate. After day 3, decay rate reached 16% for both the
packaged one and the control. This could be explained by the
increase of microbial growth by softening of the fruit. In
contrast to 20°C, the fruits stored at 4°C were better in terms
of decay rate. The packaged one also had a lower decay rate
regardless of storage temperature. These results clearly showed
that storage temperature is more important factor with regard to
decay rate. Decay caused by microbial growth is mainly due to
the growth of molds. Microbial analysis was performed during
storage. Total bacteria, and mold and yeast were counted during
storage of the fruit (Fig. 5-8). For total bacteria, the initial
microbial load was 2.3 log CFUfg. At 20T, the unpackaged
fruit had an increase of 1 log cycle, while the LDPE packaged
had 0.1 log cycle increase. Storage at 4°C had the similar
pattern, although it could decrease the growth of bacteria. For
mold and yeast, which is the main reason for decay of
strawberry fruits, the initial number of mold and yeast was 2.0
log CFU/g. After day 3, it increased to 3.1 log CFU/g at 20C
for the control, while it was 2.3 log CFU/g for the packaged
one. At 47T, it had the same trend, indicating that packaging
method was very important to prevent the microbial growth
along with storage temperature to keep the quality of the fruit.

Table 1. Effect of packaging method on the pH of
strawberry fruits during storage

Packaging Storage (days)
method 0 2 4 6
conrol  381+0.04™ 370:011° 384:0.11°
IDPE  381:004° 376:006' 3.7820.08° -
conrol  3.81:004° 377:006° 3.802006" 3.85:0.04°
LDPE  381:004" 377:006° 393:000° 3.76:017
" Mean=SD. Any figures in the same column with the same letter are

not significantly different at p < 0.05 level by Duncan’s multiple
range test.

Temperature

20T

4T

Table 2. Effect of packaging method on the titratable
acidity of strawberry fruits during storage

(g malic acid/50 g fruit weight)

Packagi Storage (days)
Temperature methg]oldlg 0 2 4 6
0T control  1.74:021™ 2.09:028° 2.09+0.35"
LDPE  174£021° 1501007 163:022° -
. conrol  1.74:021° 1.81:001° 2264029 225:0.13°

LDPE  174:021" 184:020° 206:003" 182:0.11"

" Mean+3D. Any figures in the same column with the same letter are
not significantly different at p < 0.05 level by Duncan’s multiple
range test.

Table 3. Effect of packaging method on the soluble solid
content of strawberry fruits during storage

(unit : °Brix)
Packaging Storage (days)
Temperature~ - hod 0 2 4 6
20t control  10.12030™ 1021007 9.0:047° -
LDPE  101:030° 102:007 94:028" -
. conrol 10120300 104:078 102:014° 9.8:0.14°

IDPE  1012030° 98:014° 96:000° 92:071°

" Mean£SD. Any figures in the same column with the same letter are
not significantly different at p < 0.05 level by Duncan’s multiple
range test.
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Fig. 3. Effect of packaging method on the decay rate of

strawberry fruits during storage at 20C.
@ : Control, A : LDPE packaging.

Regarding general quality of strawberry fruits during storage,
pH, titratable acidity, and soluble solid content were determined
(Table 1-3).The change in pH during storage was not observed
regardless of temperature and packaging method. The initial pH
was 3.8, which was in good agreement with other reports (3,
6). The small difference from the literature might be attributed
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to the variety of the fruit studied. Changes in titratable acidity
were not observed like pH (Table 2). However, it should be
noted that it had a tendency to increase with increasing storage
period because of decrease of organic acid during storage.
Regarding soluble solid content, it decreased with increasing
storage time regardless of storage temperature and packaging
method (Table 3). It could be explained by the decrease of
sucrose content (7).

In summary, this study indicates that storage of strawberry
fruits wrapped with LDPE at 4 should be recommended in
terms of quality as well as its shelf-life.

Decay rate (%)

o 1 2 3 4
Storage (days)

Fig. 4. Effect of packaging method on the decay rate of

strawberry fruits during storage at 4C.

@ : Control, A : LDPE packaging.
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Fig. 5. Effect of packaging method on total bacterial change

of strawberry fruits during storage at 20T.
@ : Control, A : LDPE packaging.
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Fig. 6. Effect of packaging method on molds and yeast
change of strawberry fruits during storage at 20TC.
@ : Control, A : LDPE packaging.
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Fig. 7. Effect of packaging method on total bacterial change

of strawberry fruits during storage at 4T.
@ : Control, A : LDPE packaging.
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Fig. 8. Effect of packaging method on molds and yeast
change of strawberry fruits during storage at 4T.
@ : Control, A : LDPE packaging.
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