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Mulberry was dried with low temperature vacuum dryer using microwave. The nutritional 
compositions of microwave-dried mulberry including proximate composition, sugar content, 
mineral content, total phenolic, flavonoids, and anthocyanin, beta-carotene, vitamin C, and 
amino acid composition were measured. Sugar contents of mulberry were 42.6 mg/100g 
(Cheongilppong) and 43.27 mg/100g dw (Gwasang No. 2). The main components of mulberry 
sugars were fructose and glucose. Mineral analysis showed that K, P, Ca, and Mg were 
abundant regardless of mulberry cultivars. 
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Introduction

Mulberry, so called 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). Traditionally, mulberry 
had been considered as a byproduct in sericultural industry 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.   

In Korea, mulberry is harvested in hot and humid summer 
season from May to Jun in Korea (Lee et al., 1998). 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). Therefore, the shelf life 
of mulberry is very short. Now in Korea, mulberry is distributed 

mainly as fresh state or frozen state. To extend the shelf life of 
mulberry, many researchers have studied on the drying process, 
preservation method, ripening characteristics of mulberry (Kim 
et al., 2020; Lee and Hwang, 2017; Lee et al., 2015; Fazaeli 
et al., 2013). Various drying process including multipurpose 
agricultural products dryers (Lee et al., 2015), microwave dryer 
(Evin, 2011; Fazaeli et al., 2013), spray dryer (Fazaeli et al., 
2012), sun and sun heat drying (Doymaz 2004b, Akpinar, 2008; 
Akbulut and Durmuş, 2009), hot wind dryer (Doymaz 2004a) 
air dryer (Taser et al, 2007), vacuum freezing dryer (Kim et al., 
2015), hot air drying after honey coating (Kim et al., 2018), and 
Infrared dryer (Kim et al., 2017) had been reported. However, 
these methods require high temperature and long time and affect 
aversely texture, color, flavor, and nutritional value of the product 
for example for 23.3 h at 34.8℃ (Teng and Lee, 2014; Kim et al, 
2015; Kim et al., 2018; Fazaeli et al., 2013).
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ripe Cheongilppong mulberry (RCM), unripe Gwasang no. 2 
mulberry (UGM), and ripe Gwasang no. 2 mulberry (RGM) was 
used for nutrient composition analysis.

Mulberry was dried using low temperature vacuum dryer 
using microwave (Farmindor MVD-A04, Farmindor Inc., Iksan, 
Korea). Sample over 30 kg of mulberry was put on the shelf 
under low vacuum microwave condition. The condensed water 
was drained during drying.

Proximate composition
The proximate compositions of dried mulberries, including 

crude ash, and protein were determined using methods AOAC 
930.05, and AOAC 2001.11 (AOAC, 2005), respectively. Moisture 
content was determined by two-stage drying method (AACC, 
1995). Crude fat was determined with ethyl ether using an 
automated Soxhlet extraction apparatus.

Sugar contents
Sugar contents were measured as follows. Dried mulberries (1 

g) were mixed with 50 mL 50% (v/v) ethanol (Fisher Scientific 
Korea Ltd.) in stirrer at 200 rpm for 15 min, and then extracted 
in water bath at 80

o
C with ultrasonication for 25 min. Free 

sugars were analyzed by HPLC (Agilent Technologies 1200 
Series, Agilent Technologies) with an evaporative light scattering 
detector (Agilent Technologies). 

Mineral contents 
Dried mulberries (0.5 g) were dissolved in 10 mL nitric acid 

(Wako Pure Chemical Industries) and wet-digested using a 
microwave digestion system (MARS 5, CEM Co., Matthews, 

Vacuum assisted microwave drying has been successfully used 
to preserve chemical and textural attributes of food products. 
Successful application of microwave vacuum technology 
in drying of food products has been reported for many food 
products and herbal materials, including carrots (Lin et al., 
1998), echinacea (Kim et al., 2000), saskatoon berries (Kwok et 
al., 2004), and pomegranate (Frzaeli et al., 2013). 

In this study, the nutritional compositions of Korean mulberry 
dried with low temperature vacuum dryer using microwave were 
analyzed. 

Materials and methods

Mulberry fruits, Cheongilppong oddi and Gwasang no 2 
oddi, (Fig. 1.) were purchased from sericultural farms in Buan 
and Jeongeup. Unripe Cheongilppong mulberry (UCM) and 

Fig. 1. Typical photographs of mulberry with unripe one (a) and ripe 
one (b).

Fig. 2. Scheme of low temperature vacuum dryer using microwave (a) and drying profile (b).
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Ascorbic acid was determined using an HPLC (Agilent 
1200Series, Agilent Technologies, Waldbronn, Germany) with 
a column (Shiseido MG, 4.6 mm × 250 mm). Dried mulberries 
(0.5 g) were soaked in 15 mL 5% (v/v) metaphosphoric acid 
(Wako Pure Chemical Industries) and at 18℃ for 10 min. The 
supernatant was filtered using a 0.45 um filter and then analyzed 
Ascorbic acid was detected at 520 nm.

Amino acid composition
Amino acids in the dried mulberries were determined by acid 

hydrolysis. Briefly, approximately 0.1 g of dried mulberries was 
decomposed in 40 mL 6 N HCl (Wako Pure Chemical Industries) 
at 110℃ for 24 h under nitrogen gas, evaporated, diluted with 
distilled water, filtrated, and then analyzed with amino acid 
analyzer (L-8900, Hitachi, Japan).   

Results and Discussion

Proximate composition of mulberry with ripening and cultivars 
was shown in Table 1. With ripening, crude protein, crude fat, 
and ash decreased, regardless of cultivars. This result was agreed 
to the previous report by Lee and Hwang (2017). With increased 
ripening, crude ash and dietary fiber decreased with ripening, 
meanwhile, crude fat increased until the middle stage and then 
decreased at the last stage. Kim and Shin (2011) reported that 
raspberry showed similar trends.

Five sugars including fructose, glucose, sucrose, lactose, 
and maltose were measured with cultivars and mature stage, 
and the results were shown in Table 2. In this experiment, 
fructose and glucose, and sucrose of RCM were detected 21.8 
mg/100g dry weight, 19.15, and 1.62, respectively. However, 
lactose and maltose were not detected. Mulberry harvested from 
Cheongilppong has relatively higher fructose and glucose contents 
then that of Gwasang no. 2. Sucrose from Cheongilppong relatively 

NC).The conditions of the wet-digested system were as follows: 
Temperature was increased linearly to 190℃ for 15 min and 
held at190℃ for 1 h. The digested solution was cooled to room 
temperature. The minerals were determined by an inductively 
coupled plasma optical emission spectrometer (ICP-OES, Varian 
730-ES, Melbourne, VIC, Australia) after appropriate dilution. 
Certified reference material (CRM-3244, ephedra-containing 
protein powder, obtained from NIST, Gaithersburg, MD) was 
also analyzed at the same time in order to calculate recoveries of 
minerals.

Total phenolic content, total flavonoids and total 
anthocyanin

Total phenolic content was determined by the Folin–Ciocalteu′s 
reagent method adapted to microscale (Mena et al., 2013). Total 
phenolic content was evaluated by measuring the variation 
in absorbance at 760 nm after 1 h of reaction. Results were 
expressed as mg of gallic acid equivalents per 100 g of dry 
material.

Total flavonoids (TF) were determined by spectrocolorimetric 
method. Briefly, 5 g sample was extracted from 80% ethanol 
at 70℃ for 1 h under ultrasonication. After filtered the sample 
was mixed with 2 mL ethanol and 0.1 mL 10% (w/v) aluminum 
nitrate (Wako Pure Chemical Industries). Then, 0.1 mL 1.0 M 
potassium acetate (Wako Pure Chemical Industries) and 2.6 mL 
distilled water were also added to the mixture. After 40 min at 
room temperature, absorbance at 510 nm was read immediately. 
The level of total flavonoid content was expressed as quercetin 
eq mg/100 g dw. 

Total anthocyanin was determined. Mulberry extracts were 
diluted and filtered. Absorbance was measured using the UV–vis 
spectrophotometer at 530 and 600 nm. 

Betacarotine and vitamin C
Extraction of β-carotene was performed according to the National 

Laboratory System (NLS) method with slight modifications (Shin 
et al., 2016). Sample (0.5 g) put into 3% pyrogallol solution and 
60% potassium hydroxide (KOH) solution in waterbath at 70

o
C 

for 20 min. Test solution was added into 1% sodium chloride 
solution and then added extraction solvent (n-hexane : ethyl 
acetate, 85 : 15, v/v, butylated hydroxytoluene [BHT] 0.01%). 
All supernatants were collected after completely removed 
colorant. β-Carotene content was measured by high performance 
liquid chromatography (HPLC).

Table 1. Proximate composition in mulberry (g/100g, dry weight 
basis)

RCM UCM RGM UGM
Lee and 

Hwang (2017)

Moisture 11.34 12.10 12.88 13.93

Crude protein 6.14 6.23 7.03 7.49

Crude fat 3.58 3.90 0.77 0.99 8.3

Ash 4.12 4.36 4.41 4.68 4.3

Crude fiber 12.7
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analyzed and compared the nutritional constitute of mulberrys 
from seven cultivars and reported that TA, TF, and TP were 0.42-
1.15, 0.13-0.34, 0.99-2.25 g/100 g respectively. Our results was 
somewhat different with the previous reports (Lee and Hwang, 
2017; Kim et al., 2010). The variation of phenolics in the 
berries is known to depend on various factor such as maturity 
degree, genetic diversity, and cultivation condition including 
climate situation (Pawlowska et al., 2008; Moyer et al., 2002; 
Zadernowski et al., 2005). Thus, further studies should be 
carried out.

Rutin and quercetin are one of typical flavonoids isolated 
from mulberry (Lee et al., 2020; Ju et al., 2018). Rutin from ripe 
Gwasang No. 2 mulberry, 1128 mg/100 g, was higher than that 
from Cheongilppong mulberry, 394 mg100 g.

Beta-carotene and ascorbic acid content were shown in Table 
5. Beta carton contents were 65.1 – 141.7 ug/100 g and ascorbic 
acid 8.52 – 18.9. With ripening, the contents tend to decreased. 
Ercisli and Orhan (2007) reported that ascorbic acid of mulberry 
is 19.4 – 22.4 mg/100 mL fruit juice. 

Total amino acids were decreased from 5.03 to 4.60% 
(Cheongilppong) and from 6.04 to 5.70% (Gwasang no.2), 
respectively. Sung et al. (2007) reported that total amino acids 

lowers than Gwasang no. 2. With ripening, sugars contents were 
increased regardless of cultivars. These results were similar to 
previous reports (Lee and Hwang, 2017; Lin and Lay, 2013; Lou 
et al., 2012). 

Mineral contents in mulberry were shown in Table 3. Regardless 
of cultivars and mature stage, K, P, Ca, and Mg were the 
most minerals in mulberry. The abundant mineral contents of 
silkworm powder are K, P, S, Ca, and Mg (Kweon et al., 2019). 
The similar pattern of mineral contents between mulberry and 
silkworm powder is interesting.

Total anthocyanin, flavonoids, phenolics, rutin, and quercetin 
are shown in Table 4. TA, TP, and TP from Gwasang no. 2 
are higher than those from Cheongilppong. The contents of 
mulberry Cheongilppong were similar with ripening. However 
total anthocyanin, flavonoids, phenolic, and rutin in mulberry 
Gwasang no. 2 increased with ripening. Lee and Hwang (2017) 
and Lou et al. (2012) reported total anthocyanin, flavonoids, 
and phenolic were increased with ripening. Total anthocyanins, 
flavonoids, phenolic of ripe Cheongilppong mulberry were 1.07 
g/100 g, 1.14, and 1.85, respectively. Those of Gwasang no 2 were 
1.89, 1.76, and 2.31 g/100 g, respectively. Lee and Hwang (2017) 
reported that those 2.0, 0.4, and 3.2, respectively. Kim et al. (2010) 

Table 2. Sugar content in mulberry (mg/100 g, dry weight basis)

RCM UCM RGM UGM
Lee and 

Hwang (2017)

Fructose 21.83 18.48 14.79 14.48 10.2

Glucose 19.15 15.97 12.90 12.72 10.6

Sucrose 1.62 0.96 5.58 5.15 5.1

Lactose nd* nd* nd* nd*

Maltose nd* nd* nd* nd*

* not detected

Table 3. Minerals in mulberry (mg/100 g, dry weight basis)
RCM UCM RGM UGM

Ca 388.7 205.4 222.7 606.4

Cu 0.7 0.1 0.2 0.5

Fe 9.1 4.5 4.4 4.5

K 2032.2 1274.9 1455.0 1572.4

Mg 182.9 107.5 125.1 173.2

Na 66.3 23.2 25.5 37.0

P 509.0 314.9 348.9 382.0

Table 4. Total anthocyanins, total flavonoids, total phenolics in 
mulberry (mg/100 g, dry weight basis)

RCM UCM RGM UGM

Total anthocyanins
mg/100g

1068.81 1080.44 1887.14 1194.54

Total flavonoids
mg/100g

1135.60 1202.28 1759.59 1316.21

Total phenolics
 mg/100g

1849.80 1866.55 2307.69 1946.67

Rutin
 ug/g

394.42 437.28 1128.04 917.70

Qurecetin
 ug/g

13.93 14.17 9.29 12.21

Table 5. Proximate composition in mulberry (g/100 g, dry weight 
basis)

RCM UCM RGM UGM

Betacarotene
ug/100 g

65.1 88.9 108.1 141.7

Ascorbic acid 
mg/100 g

12.48 8.52 15.1 18.9
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