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Abstract Mulberry fruit contains health-promoting polyphenols and is consumed in processed products such as
juices, syrups, liquors, molasses, and jams. In Vietnam, syrups prepared from mulberry fruits and sugar have long
been used in food preparation. We investigated the changes in chemical composition and biological activities of
mulberry syrup during its processing and storage. The toxic metals lead and cadmium were detected in mulberry
syrup at levels below regulatory limits. Prolonged storage in glass containers, from which toxic metals could leach
into the syrup, could be a risk to the health of consumers. The total phenolic (TPC), flavonoid (TFC), and
anthocyanin (TAC) contents varied during processing and decreased significantly after day 45. The 1,1-diphenyl-2-
picryl-hydrazyl activity of the mulberry syrup was correlated with its TPC, TFC, and TAC values, and anthocyanins
were responsible for the inhibition of nitric oxide production. The magnitude of inhibition of a-glucosidase and a-
amylase was linearly correlated with the TFC and TAC values of the mulberry syrup. The quality of the mulberry
syrup was maintained during storage for 30 days but decreased thereafter.
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1. Introduction

The mulberry belongs to the genus Morus (family
Moraceae) and is distributed worldwide. Three main species
of mulberry, white (Morus alba), black (Morus nigra),
and red (Morus rubra) mulberry, are cultivated for fruit
production. Mulberry fruit is an important foodstuff as it
exerts antioxidant, anticancer, antidiabetic, anti-inflammatory,
anti-obesity, hypolipidemic, and neuroprotective effects
[1,2]. These activities are mediated by the anthocyanins,
flavonoids, phenolic acids, terpenoids, and alkaloids in
mulberry fruit [3,4]. Anthocyanins, which determine the
color of mulberry fruit, have antioxidant, anti-inflammatory,
antitumor, and antidiabetic activities. Cyanidin-3-O-glucoside
(C3G) and cyanidin-3-O-rutinoside (C3R) are the most
abundant anthocyanins in mulberry fruit [5,6,7]. In
Vietnam, mulberry fruit has been used for thousands
of years as a foodstuff and medicine. In Vietnamese
traditional medicine, mulberry fruits are thought to
improve eyesight, be effective against insomnia and cough,
prevent the whitening of hair, ameliorate intestinal
problems, and protect against liver damage [8]. Mulberry
fruit has a short harvesting season and is sensitive to
storage and transport due to its high water content
(> 80%). Therefore, mulberry fruit is used to make wine,

syrup, juice, and jam or dried and added to ice cream, cake,
and yogurt. Syrup is one of the most popular processed
mulberry products in Vietnam. Fresh mulberry fruit is
mixed with cane sugar in a ceramic or glass bottle and
stored for at least 2 weeks to produce mulberry syrup. The
bottled syrup can be stored for several months and
then consumed [9,10]. However, prolonged storage at
ambient temperatures may reduce the quality of the syrup.
Therefore, we evaluated the changes in chemical
composition and in vitro biological activities of mulberry
syrup during storage.

2. Materials and Methods

2.1. Chemicals and APPARATUS

Folin-Ciocalteu’s phenol reagent, gallic acid, quercetin,
2,2-diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid,
celastrol, acarbose were purchased from Sigma-Aldrich
(St. Louis, MO, USA). The pH was measured with a pH
meter (pH100, YSI, USA). Chemical contents were
determined using a V-630 UV/VIS spectrophotometer
(JASCO, Japan). Heavy metals were analyzed in a 7900
ICP-MS apparatus (Agilent Technology). Absorbances of
the biological assays were read in an xMark microplate
reader (Biorad, USA).
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2.2. Mulberry Samples

Fresh mulberry fruits were harvested from a white
mulberry field in Phuc Tho commune, Hanoi, Vietnam
during the ripening time, April 2018. The ripe and
undamaged fruits (almost deep purple color) were
manually selected and washed with tap water and then let
drain in a sieve.

2.3. Syrup Preparation

The mulberry syrup was prepared from 1 kg of mulberry
fruits and 0.5 kg of cane sugar according to a homemade
procedure [10]. Into a 2 L glass jar with screw cover,
alternately place a layer of fruit, then sprinkle with a layer
of sugar. Cap the jar and let the mixture to freely ferment
at room temperature (25-30°C). After a period time
at 15, 30, 45, 60 and 90 days, the syrup in each jar was
homogenized by shaking and a volume of syrup was taken
out. The syrup sample was centrifuged at 2500 rpm
for 10 min and the supernatant was used for evaluation of
chemical compositions and biological activities. Samples
were prepared in triplicate from three independent processing
batches.

2.4. Determination of Total Phenolic Content
(TPC)

The total polyphenol content was determined by
the Folin-Ciocalteu method according to International
Organization for Standardization (1SO) 14502-1 guidelines
[11]. The result was calculated based on the slope from
serial dilution of a gallic acid standard. Results were
expressed as gallic acid equivalents (GAE) mg L™.

2.5. Determination of Total Flavonoid
Content (TFC)

The total flavonoids in syrup were determined by
mixing 0.5 mL of syrup with 0.3 mL of 10% AICI3
solution, 0.2 mL of 1M CH3COONa solution and 4 mL
distilled water. After 15 min in darkness, the absorbance
of the mixture was measured at 430 nm [12]. Quercetin
was used as the standard. The results were expressed in
mg of quercetin equivalents (QE) per L of syrup.

2.6. Determination of Total Anthocyanin
Content (TAC)

Total anthocyanins were determined using the pH
differential method [13]. Syrup solutions were adjusted to
pH 1.0 and 4.5 and then absorbances were measured at
520 and 700 nm. The TAC was based on C3G molar
absorptivity of 26,900 and molecular weight of 449.2, and
was expressed as C3G equivalent mg L™

2.7. Determination of Toxic Metal Content

Heavy metal measurements were carried out using
inductively coupled plasma-mass spectrometry [14]. Syrup
(1 mL) was transferred into the digestion vessel, to which
was added 3 mL of 65% HNO;. The samples were then
digested in a microwave oven at 210 °C for 15 min. After

cooling to ambient temperature, the reactors were opened,
and the content was quantitatively transferred into a 50 ml
volumetric flask and brought to the volume with ultrapure
water. All digested solutions were analyzed by ICP-MS.
The operating conditions were: RF power: 1600 Wi,
sample depth 10 mm; nebulizer gas flow rates: 0.7 L min™;
auxiliary gas flow: 0.3 L min™; standard spray chamber
temperature: 2°C; rinse time 20 s. Data acquisition was
performed in spectrum analysis and full quant mode. Mass
calibration and detector cross-calibration were performed
according to the manufacturer’s instructions using the
prescribed solutions obtained from Agilent. Multi-element
standards were prepared in-house by mixing of certified,
traceable, ICP grade single element standards (Sigma
Aldrich) that were subsequently diluted for analysis.

2.8. DPPH Radical Scavenging Activity

The antioxidant activity of the syrup was evaluated by
its scavenging capacity of the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical [15]. Briefly, syrup solution (20 uL) was
mixed with 180 pL of 150 uM DPPH solution in a 96-
well plate. The plate was incubated in the dark at room
temperature for 30 min. Then, the absorbance of the
reaction mixture was measured at 520 nm on a microplate
reader. Ascorbic acid (vitamin C) was used as the positive
control. The antioxidant capacity was expressed as
ascorbic acid equivalent (AAE) mg L™

2.9. Assay for Inhibition of nitric Oxide (NO)
Production

The effects of syrup on the NO production in LPS-
stimulated RAW264.7 cells were evaluated as previously
described [16]. The cells were seeded in 96-well plate at
2x10° cells/well and incubated for 12 h. The plates were
pretreated with 20 uL syrup for 30 min and then incubated
for another 24 h with or without 1 pg mLLPS. 100 pl of
the culture supernatant were transferred to other 96-well
plate and 100 upl of Griess reagent were added. The
absorbance of the reaction solution was read at 570 nm.
Celastrol was used as a positive control. The inhibition
was expressed as celastrol equivalent (CE) mg L™.

2.10. Assay for Inhibition of Digestive
Enzymes a-glucosidase and a-amylase

The inhibitory effects against o-glucosidase and
o-amylase enzymes were evaluated as previously
described [17]. The antidiabetic agent, acarbose, was used
as positive. Briefly, the syrup (10 uL) and 0.5 U mL™*
a-glucosidase (40 pL) were mixed in 110 uL of 0.1 M
phosphate buffer (pH 7.0). After 5 min pre-incubation, 5
mM p-nitrophenyl-a-D-glucopyranoside solution (40 pL)
was added and the solution was incubated at 37°C for
30 min. The absorbance of released 4-nitrophenol was
measured at 405 nm. For a-amylase inhibition assay, the
sample (10 uL) and 0.5 unit mL™ a-amylase (50 pL) were
mixed in 100 uL of 0.1 M phosphate buffer (pH 7.0).
After 5 min pre-incubation, 50 pL of substrate solution
(2-chloro-4-nitrophenyl-o-D-maltotrioside  dissolved in
phosphate buffer, pH 7.0) was added and the solution was
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incubated at 37 °C for 15 min. The absorbances were then
measured at 405 nm. The enzyme inhibitory activities
were expressed as acarbose equivalent (AE) mg/L.
The 1Csy values of acarbose against a-glucosidase and
a-amylase were 643.7 and 59.1 mg L™, respectively.

2.11. Statistical Analysis

All results presented are the means + standard deviations
of the three independent experiments. Regression analysis
between chemical contents versus biological activities and
statistical analysis was carried out using Microsoft Excel
2010.

3. Results and Discussion

3.1. pH Value and Toxic Metal Levels of
Syrup

Prepared mulberry syrup is slightly acidic due to
fermentation by the yeast present in fresh fruit [18]. The
pH of the syrup shows a tendency to decrease over time.
Toxic metals such as lead (Pb) and cadmium (Cd) may be
present in food naturally or as a result of food processing.
Heavy metals in glass-clay containers can be transferred to
food by a pH-dependent leaching process [19]. Therefore,
the Pb and Cd contents of mulberry syrup were evaluated.
The Pb concentration increased from 12.4 to 19.5 pg L™
while the Cd level increased slightly (Table 1). According
to Vietnam National Technical Regulations on heavy metal
contamination in food, the maximum acceptable concentration
of Pb in fruit juices and nectars is 200 pg L™. Although no
such guideline is available for Cd, the regulatory limit for
Cd in drinking water is 3 ug L™ [20]. Thus, the Pb and Cd
levels in mulberry syrup were acceptable. However,
prolonged storage of the syrup in glass containers can
cause leaching of Pb and other toxic metals, which
represents a risk to the health of consumers.

Table 1. pH values and toxic metal contents in mulberry syrups
during the storage

Time (days) pH Pb (pg/L) Cd (ug/L)
15 6.35+0.49 1241 +1.81 1.05+0.06
30 6.11 +0.57 12.65+0.96 1.10+£0.08
45 5.86 £ 0.51 14.58 £ 1.39 1.18+0.11
60 5.42 +0.38 17.21+2.08 1.35+0.08
90 4731041 19.54 +2.17 1.66+0.12

3.2. Total Phenolic, Flavonoid and
Anthocyanin Contents

The change in contents of phenolics, flavonoids and
anthocyanins in the mulberry syrup was evaluated over 90
days (Figure 1). The total phenolic content (TPC) of the
mulberry syrup increased from 1,862.6 mg gallic acid
equivalent (GAE) L™ at day 15 to 2,045.1 mg GAE L™ at
day 30, and decreased after day 45 (Figure 1). At day 90,
the TPC was 34.2% lower than that at day 15 (1,225.1 vs.
1,862.6 mg GAE L™). The total flavonoid content (TFC)
of the mulberry syrup increased to 1,284.7 mg quercetin
equivalents (QE) L™ at day 30 and decreased gradually to
624.1 mg QE L™ at day 90. The increases in TPC and TFC

may have been due to fermentation by yeast [18,21]. High
levels of phenolic acids and flavonoids (e.g., syringic acid,
protocatechuic acid, hydroxycinnamic acid, chlorogenic
acid, ferulic acid, quercetin, and morin) are reportedly
present in fermented mulberry products [22].

The fermentation of mulberry juice is typically
accelerated by adding lactic acid bacteria [23,24]. In this
study, due to the low concentration of bacteria the
mulberry syrup was fermented by the yeast present on the
mulberry fruit. The reduction in TPC and TFC at day 30
was likely due to the weak fermentative activity, and
prolonged exposure to light and atmospheric oxygen.
Darias-Martin et al. reported that alcoholic beverages
produced using the native yeast of black mulberry juice
were of poor quality [18]. However, the fermentation
duration and parameters measured were not provided. The
total anthocyanin content (TAC) of the mulberry syrup
decreased by 75.5% at 90 days (from 985.0 to 240.6 mg
C3G equivalent L™). The stability of anthocyanins is
affected by their structure, as well as the pH, temperature,
light and oxygen levels, and inter- and intra-molecular
associations with other compounds [25]. The TAC of
mulberry juice reportedly decreased by 99% after 8 weeks
of storage at 30°C [26].

a 2300 -
2100 -
1900 -
1700 -
1500 -

TPC (mg GAE/L)

1300 -
1100 -
900 -
700

10 20 30 40 50 60 70 80 90
Time (days)
b 1400
1300
1200
1100
1000
900
800
700
600 -
500

TFC(mg QE/L)

10 20 30 40 50 60 70 80 20
Time (days)
1100

C 1000 -
900 -
800
700 -
600 -
500
400 -
300 -
200

TAC (mg C3GE/L)

10 20 30 40 50 60 70 80 90
Time (days)

Figure 1. Changes in TPC (a), TFC (b) and TAC (c) of mulberry syrup

during storage. GAE: gallic acid equivalent, QE: quercetin equivalent,

C3GE: cyanidin-3-O-glucoside equivalent. Bars are standard deviations
(n=3)
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3.3. Biological Activities of Mulberry Syrup

Four assays were used to evaluate the biological activities
of mulberry syrup during storage. The antioxidant activity
of the mulberry syrup was evaluated by the 1,1-diphenyl-
2-picryl-hydrazyl (DPPH) assay. The antioxidant activity
of the syrup increased until day 30 and decreased slightly
thereafter (Figure 2a). The DPPH-scavenging capacity
of the mulberry syrup decreased by 16.3% from day 15
(2.88 mg L-ascorbic acid equivalent [AAE] L™) to day
90 (2.41 mg AAE L™). This is consistent with previous
reports that the antioxidant activity of mulberry is
linearly proportional to its phenolic content [26,27,28].
Scatterplots showed high correlations (r*> 0.93) between
the antioxidant activity of mulberry syrup and its TPC,
TFC, and TAC values (Table 2).
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Figure 2. Changes in DPPH radical-scavenging activity (a), NO
inhibitory activity (b) and inhibition of a-glucosidase (c) and a-amylase
(d) of mulberry syrup during storage. Bars are standard deviations (n=3)

Table 2. Correlation rates (r?) between chemical compositions and
biological activities of mulberry syrup

DPPH NO a-Glucosidase a-Amylase
TPC 0.9337 0.7362 0.8048 0.7935
TFC 0.9441 0.8567 0.9247 0.903
TAC 0.9304 0.9616 0.9854 0.9617

Anti-inflammation is also an important property of
mulberry fruit. We assayed the inhibition of nitric
oxide (NO) production by mulberry fruit to evaluate its
anti-inflammatory activity [29]. The temporal pattern of
NO inhibition by mulberry syrup was similar to that of its
antioxidant activity (Figure 2b). The anti-inflammatory
activity of the syrup was correlated with its anthocyanin
(*=0.9616) but not its phenolic and flavonoid (r* = 0.73-0.85)
contents. Anthocyanin-rich fractions and C3G reportedly
inhibit NO and attenuate inflammation both in vitro and in
animal models [30,31,32].

Mulberry fruit is also a good source of antidiabetic agents
[33], including inhibitors of the enzymes responsible
for carbohydrate hydrolysis such as a-glucosidase and
a-amylase [34]. Inhibition by the mulberry syrup of
a-glucosidase and a-amylase activity gradually decreased
over time (318.2 to 110.7 mg AE L™ for o-glucosidase
and 46.7 to 11.9 mg AE L™ for a-amylase; Figure 2¢ and
d). The TFC and TAC values were linearly correlated
(r* > 0.90-0.98) with the magnitude of the inhibition of
a-glucosidase and o-amylase activity. Quercetin and
galloylcyanidin-glycoside are potent inhibitors of
a-glucosidase [33,35,36]. Jin et al. reported that the
a-glucosidase inhibitory activity of mulberry fruit was
positively correlated with the levels of C3G, C3R,
pelargonidin 3-O-glucoside, and pelargonidin 3-O-rutinoside
[37].

4. Conclusion

The quality of mulberry syrup was evaluated by
investigating its chemical composition and in vitro biological
activities. The mulberry syrup contained considerable amounts
of phenolic, flavonoid, and anthocyanin compounds. The
levels of these constituents were stable during the first
30 days but decreased significantly after day 45. Similarly,
the antioxidant, anti-inflammatory, and antidiabetic activities
of the mulberry syrup were high during the first 30 days.
Pb and Cd were found to have leached from the glass
container into the syrup during storage. Our results suggest
that prolonged storage of mulberry syrup reduces the levels
of bioactive compounds and its health-promoting effects.
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