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Recently mulberry has been commercialized but it loses its marketability rapidly after harvest. 
In this study, characteristics of mulberry were examined at different storage temperature after 
harvest using the typical Korean mulberry cultivars. Postharvest spoilage fungi on the various 
mulberry cultivars, Cheongilppong, Daeshim, and Gwasang No. 2 was observed 2, 2, and 1 d 
, respectively, after harvest at 28oC. However, at 4oC, the day was 8, 7, and 4 d, respectively. 
At 28oC storage condition, the weight loss behavior of mulberry did not showed significantly 
different among them. However, at 4oC storage condition, mulberry Cheongilppong loses its 
weight rapidly compared to Daeshim and Gwasang No. 2. Sugar content of mulberry stored 
at 4oC was nearly constant, but stored at 28oC decreased with storage time. The acidity of 
mulberry slightly decreased with storage time and then increased. Juice leakage of frozen 
mulberry leaked abruptly within 6 h from the fruit body and then flattened at 25oC. The results 
of our study, the postharvest characteristics of mulberry were affected by mulberry cultivar and 
need to further study to increase the shelf life. 
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Introduction

Mulberry, so called sorosis or oddi, is a fruit of mulberry tree. 
Mulberry is used as one of traditional medicines to treat fever, 
prevent liver damage, tonic, strengthen joints, facilitate urine 
excretion, and reduce blood pressure (Yang et al., 2016; KFDA, 
2012; Tang and Eisenbrand, 2011; Bae and Suh, 2007). However, 
mulberry had been considered as a byproduct for a long time. 
Recently, the production and consumption of mulberry has 
rapidly increased in Korea due to its good taste, nutritional value, 
and biological activity. Mulberry is consumed as frozen fruits, 

semi-dried fruits, fresh fruits, juice, and alcoholic beverage. The 
harvest period of mulberry is from May to June in Korea (Lee et 
al., 1998). Lee and Hwang (2017) reported the physicochemical 
properties of mulberry (Morus alba L.) during ripening. 
Firmness, acidity, γ-aminobutyric acid, quercetin-3-rutinoside, 
and 1-deoxynojirimycin tended to decrease with ripening. On the 
other hand, soluble solids, acidity, anthocyanins, and antioxidant 
activities increased (Lee and Hwang, 2017). Mulberry has 
many bioactive materials including cyanidin 3-O-glycoside, 
cyanidin 3-O-rutinoside (Buthup et al., 2013; Yang et al., 2012; 
Pawlowska et al., 2008; Naderi et al., 2004). Bioactive materials 
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storage at 4°C and 28°C in chamber. The degree of rot was 
visually inspected during the storage. Rot scale was evaluated 
the mulberry surface mycelial development, where (-) = normal, 
(+) = trace (up to 5% surface affected with mold), (++) = slightly 
(5% to 20% surface affected), (+++) = moderate (20% to 505 
surface affected), and (++++) = severe (>50% surface affected). 

Weight loss percentage

The weight of mulberry was measured the weight of each fruit 
during the storage time and calculated the weight loss percentage 
with respect to the initial weight. These measurements were 
performed in triplicate. 

Sugar content and acidity

Sugar content and acidity were measured according to Sung et 
al. (2012). In briefly, sugar content was measured using digital 
refractometer (ATAGO PR-32α, Tokyo, Japan). Mulberry juice 
was made by squeezing mulberry using cotton clothes. All 
measurement conducted triplicate. Acidity was measured using 
Digital acidity meter (GMK-835, Jiwon Hitech Co., Korea). 
Mulberry juice 300 ml was added in the 30 mL distilled water in 
50 mL Pelcon tube and mixed well. All measurement conducted 
triplicate.

Juice leakage

Mulberry stored at -65°C in the deep freezer (REVCO VALUE 
PLUS, Thermo Scientific) was used to study juice leakage. The 
weight of leaked juice at 4°C and 25°C was measured and juice 
leakage percentage was calculated. 

including mulberry is different with the mulberry cultivars (Ju et 
al., 2018). The content of quercetin 3-O-rutinoside in mulberry 
cultivar Daeshim and Suhyang is 119.9 and 38.1 mg/100g DW, 
respectively (Ju et al., 2018; Ju et al., 2017). 

After harvest, mulberry is prone to bruising during storage and 
distribution rapidly, deteriorates its quality and loses commercial 
value (Hu et al., 2014; Park et al., 2013). In this study, the mulberry 
shape, weight loss, sugar contents, acidity, and juice leakage were 
examined with different storage conditions. The test was conducted 
with commercial Korean mulberry cultivars, Cheongilppong, 
Daeshim, and Gwasang No. 2. Cheongilppong is a typical mulberry 
cultivar in Korea for silkworm feed (Kim and Ryu, 2000). Mulberry 
cultivar, Daeshim, was developed in 2014 for high yield mulberry (Ju 
et al., 2018). Gwasang No. 2 is one of the popular mulberry cultivar 
for oddi production in Korea. 

Materials and Methods

Mulberry

Mulberry was hand-harvested from three mulberry cultivars, 
Cheongilppong, Daeshim, and Gwasang No. 2 (Fig. 1), in 2019 
at the mulberry farm of Sericultural and Apicultural Materials 
Division, National Institute of Agricultural Sciences, Wanju, 
Korea. The fruit were selected for uniform size, color, and 
absence of visual defects and then transported in plastic cases to 
our laboratory. 

Observation of mulberry

Three cultivar mulberries were photographed with time during 

Fig. 1. Photographs of different cultivar mulberries for mulberry harvest. (a) mulberry cultivar Cheongilppong, (b) mulberry cultivar 
Daeshim, and (c) mulberry cultivar Gwasang No. 2.
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1 d, respectively. However, at 4°C, the day was 8, 7, and 4 d, 
respectively. Our results agreed to the previous studies (Yang 
et al., 2016; Park et al., 2013). And according to our results, 
mulberry variety has some effect on the fungal development 
with time. From the above results, mulberry is very susceptible 
to fungi and loss its commerciality over 20°C condition after 
harvest.

The average weight of mulberry harvested from cultivar 
Cheongilppong, Daeshim, and Gwasang No. 2 is 2.06±0.38 g, 
3.20±0.89 g, and 4.41±0.48 g, respectively. The mulberry weight 
and residual weight percentage with storage time at 4°C and 
28°C were shown in Fig. 3. As shown in Fig. 3(a), the residual 
weight (%) of mulberry was decreased with storage at 28°C. On 
8 d storage, residual weight (%) of mulberry reached about 78%, 
regardless of the mulberry cultivar. At 4°C storage condition, 
residual weight (%) of mulberry harvested from cultivar 
Cheongilppong, Daeshim, and Gwasang No. 2 reached 82%, 
865, and 91%, respectively after 14 d storage (Fig. 3(b)). 

Yang et al. (2016) reported the weight loss percentage of 
mulberry (Morus multicaulis L.) stored at 4°C for 18 d. The 
percentage of weight loss was linearly increased with time. 
Our results agreed to Yang et al. (2016), the residual weight of 
mulberry linearly decreased with time. Generally, the weight 

Results and Discussion

Observation of mulberry during storage

Mulberry is highly perishable, due to a relatively high water 
content, high metabolic activity and a susceptibility to microbial 
molds and rots. Especially fungal decay continuously increased 
during storage (Yang et al., 2016). Fig. 2 showed the photographs 
of different cultivar mulberries at 4°C and 28°C. As shown in 
Fig. 2(a), fungi observed after 2 d on the surface of mulberry 
Cheongilppong during at 28°C storage condition and then spread 
rapidly, however, after 8 d at 4°C storage condition. In cultivar 
Daeshim, fungi observed after 2 d at 28°C, 7 d at 4°C (Fig. 2(b)). 
In cultivar Gwasang No. 2, fungi observed after 1 d at 28°C, 4 d 
at 4°C (Fig. 2(c)). 

Park et al. (2013) reported that the marketability of mulberry 
Gwasang No. 2 kept 1 d at 20°C storage condition and 12 d at 
0°C storage condition. Yang et al. (2016) reported the mulberry 
was rotted about 5% within 3 d storage even though chitosan-
g-caffeic acid coated. Kwon et al. (2018) reported that the most 
frequently isolated fungi from mulberry is Alternaria sp.

At 28°C, the day of the mold observation of mulberry 
Cheongilppong, Daeshim, and Gwasang No. 2 was 2, 2, and 

Fig. 2. Photographs of different cultivar mulberries at 4°C and 28°C. (a) mulberry cultivar Cheongilppong, (b) mulberry cultivar Daeshim, 
and (c) mulberry cultivar Gwasang No. 2.
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showed significantly different. However, at 4°C storage condition 
mulberry Cheongilppong loses its weight rapidly compared 
to Daeshim and Gwasang No. 2. This is quite interesting and 
needs to further study on the reason why and some relationship 
between the weight loss and surface characteristics of mulberry. 

losses in fresh fruit and vegetables are primarily due to the loss 
of water caused by transpiration and respiration processes (Zhu 
et al., 2008). According to our results, the weight loss behavior 
of mulberry was different with the storage condition. At 28°C 
storage condition, the weight loss behavior of mulberry did not 

Fig. 2. Continued 
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tree, ‘Sangberry’, for fruit production, and then registered as 
a mulberry cultivar named ‘Daeshim’. The sugar content of 
Daeshim is 10.5 

o
Brix. Gwasang No. 2 is known as a mulberry 

cultivar with high sugar content. The major free sugars in 

Sugar content of various cultivar mulberries stored at 4°C 
and 28°C were shown in Fig. 4. Sugar content of cultivar 
Cheongilppong mulberry stored at 4°C was nearly constant 
around 16.6 

o
Brix. However, sugar content of mulberry stored 

at 28°C decreased to 10 
o
Brix with storage time (Fig. 4(a)). 

Mulberry harvested from Daeshim and Gwasang No. 2 showed 
similar pattern with storage temperature and time.

Mulberry harvested from Cheongilppong is the criteria to 
evaluate the mulberry characteristics in Korea. The average 
sugar content of mulberry harvested from Cheongilppong is 15 ~ 
16 

o
Brix (Sung et al., 2010). Sung et al. (2012) bred a mulberry 

Fig. 3. Residual weight (%) of various mulberry cultivars, 
Cheongilppong, Daeshim, and Gwasang No. 2. (a) storage at 28°C , 
(b) storage at 4°C.

Fig. 4. Sugar content of various cultivar mulberries stored at 4
 o
C 

and 28
 o
C. (a) cultivar Cheongilppong, (b) cultivar Daeshim, and (c) 

cultivar Gwasang No. 2.
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reported the acidity of four mulberry cultivars; Daeseongppong 
(0.35%), Iksuppong (0.29%), Cheongilppong (0.28%), and 
Gwasang No. 2 (0.26%). Daeshim bred by Sung et al. (2012) 
has 0.27% of acidity compared to 0.38% of Cheongilppong. 
The acidity of mulberry is affected by the mulberry cultivar, 
cultivation method, environments, harvest time (Kim et al., 
2010). 

Juice leakage of frozen mulberry 

Juice leakage of frozen mulberry was measured and shown 
in Fig. 6. At 25°C thawing, juice leaked abruptly within 6 h 
from the fruit body and then flatted. The leaked percentage of 
cultivar Cheongilppong, Daeshim, and Gwasang No. 2 was 
about 25%, 32%, and 46%, respectively. At 4°C thawing, the 
leakage behavior of the mulberry juice is similar to that at 25°C. 
However, the juice leaked more than 12 h and then flattened. 
The leaked percentage of cultivar Cheongilppong, Daeshim, and 
Gwasang No. 2 was about 15%, 23%, and 36%, respectively. 

Kim et al. (2015) reported that frozen and thawed mulberries 

mulberry are glucose and fructose (Lee and Choi, 2013). The 
sugar contents increased rapidly during ripening (Lee et al., 
2015). 

Acidities of mulberry harvested from various mulberry 
cultivars, Cheongilppong, Daeshim, and Gwasang No. 2 were 
shown in Fig. 5. The acidity of Cheongilppong mulberry slightly 
decreased with storage time and then increased with time (Fig. 
5(a)). Mulberry harvested from Daeshim and Gwasang No. 2 
showed similar pattern with storage temperature and time.

Acidity is one of a major factor to determine the taste with 
sugar content. Mulberry contains many organic acids, including 
citric acid, acetic acid, malic acid, and succinic acid (Lee et al., 
2015). The acidity of mulberry was decreased with ripening (Lee 
and Hwang, 2017; Lee et al., 2015). The acidity of mulberry 
Gwasang No. 2 cultivated in greenhouse decreased from 2.63 to 
0.47% with maturation (Lee et al., 2015). Lee and Choi (2013) 

Fig. 5. Acidity of mulberry harvested from various cultivars. 
Cheongilppong (a), Daeshim (b), and Gwasang No. 2 (c).

Fig. 6. Juice leakage percentage from frozen mulberry at 25°C (a) 
and 4°C (b).
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did not differ significantly in color and pH from fresh mulberries. 
However, the content of anthocyanidin and sugar, and the 
hardness of mulberry significantly decreased after freeze-
thawing. Membrane damage caused by cold stress is considered 
the main effect of chilling injury (Saltveit and Morris 1990). 
Our results showed that the juice leakage behavior was different 
with the thawing temperature. However the percentage amount 
to leaked juice was related to the mulberry cultivar. We did not 
know the exact reason of this phenomena, it might be related to 
the mulberry membrane injury. 
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